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Citations of commercial organintfons 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.




,-w-w,m“.,,,,.........................-...-----------u-l-l-lll!!Iln---""'“"'“"'”"]

FINAL REPORT

on

-

TASK 89-06:

L

DETERMINATION OF THE BIOEQUIVALENCE OF HI-6 AND ATROPIME WHEN
DELIVERED BY WET/ORY AUTOINJECTOR CR SYRINGE [N SHEEP:
A PHARMACOKINETIC ANO EFFICACY EVALUATICM

to
U.S. ARMY MEDICAL RESEARCH
AND DEVELOPMENT COMMAND

April, 1991

pred |
Cox vy &\ dalv  Tadt, X A 4
Carl T. Olson, D.V.M., Ph.0. Date Timothd L. Hayes, B.A. ate

Study Chemist

Study Director
MM \ Q%SM/
Garrett S. Dill, O.V.N. ate ry t Miller) Ph.0. Date

Principal Investigator Iumunothem{st

2 ) ' R
J? pmld G Mo ‘/,//f/?/ . Lo MaFtlosng 5P/
Roinald G. Meaton, PK.D. Dats H. Clatre Katthews, M.A. fata
Study Statisticien Statistician .

R Cci oy M“" il
Robyn C.~*iser, B.S. Date Ronzld L. Persing, J¢., D.V.M. Date
Study Supervisor Study Pathologist

e & A daly (AL e for
Jamegs A. Blank, Ph.D. Date Thomas H. Snider, B.S. Date
i Pharmacologist Pharmacokinetics Modeler

R
S PP

e e

i
g
]
i
2
]
]
1




£

PN

|
n

TABLE OF CONTENTS

1.OINTRODUCTION. & & v ¢ ¢ v ¢ o o o s o o o 0 ¢ o 8 o o s s o o o o o
2.0 EXPERIMEMTAL DESIGM . ¢ ¢ ¢ o ¢ ¢ ¢ o o o o o ¢ s 0 s 0 0 s 0o ¢ o
A Tast Animals. o o o o o 4 o ot b e e b b e s e e e e s e e
2.2 Materfals and Methods . o ¢ ¢ ¢ ¢ v ¢ ¢ v 6 o v e o b b 0 o0 os e
2.2.1 Chemistry . . ¢ ¢ o ¢ ¢« o ¢ s o s e o s e v o s e s e e
2.2.260 LDy ESLIMAtION. o o v o v o v v e a e ae e e e e
2.2.3 Treatment Efffcacy Evaluation . « ¢« ¢ o v ¢ o v s ¢ o o
2.2.4 Pharmacokinetic Studies . . . ¢« « ¢ ¢ ¢ e s e v 0 e 0.
2.2.5G0Agfing Studfes. . ¢ o ¢ o ¢ ¢ ¢ ¢ s 0 o 0 s e o 0 0 e e

£ T
326D LDy Estimation. ¢ o o v o o o 0 0 0 b 0t b e o e 000w 0
3.3 Treaiment Efficacy Evatuation . ¢ o o o ¢ ¢ ¢ ¢ o ¢ o o 0o 0 o o o
3.3.1 Statdstical ANalyses. « o o v e e v n e a e aeuan .
1.3.1.1 Analysis of 48-Hr lethality Data. . . . ... . ..

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

3.3.1.3 Amiysis of the Times to Death. . . . . . . . . ..

3.3.1.4 Analyses of Clinfcal Sfgns Data . . . .. ... ..
3.3.2Pathology « ¢ o ¢ ¢ o ¢ 6 o o s s s o o e e s s e e e e e
3.4 Pharmacokinetic Study « « o o ¢ o o o ot 0 e 0 0 0 s a0 0 s e
3.4.1 Statistical Analyses of HI-§6 Pharmacokinetic Parameters . .
3.4.2 Statistical Analyses of Atropine Pharmacokinetic Parameters

3.560‘9“"9.00-oo.ooooo.ooot.ot-o'otco.0

3




El (A e E SN N G2 OB m0 BN B NS o b

|

L.

it

TABLE OF CONTENTS
{Continued)

4.0 CONCLUSIONS & ¢ & ¢ ¢ o ¢ ¢ o o v o 6 s o s a s 0 s 0 o o
S.ORECORD ARCHIVES . . v v ¢ ¢ v ¢ v ¢ e 6 v o o v o o 0 o o
6.0 ACKNOWLEDGMENTS . . . v o v & v o ¢ ¢ o ¢ o o 20 0 2 0 oo
TOREFERENCES. + « v v o v v ¢ o s v v s o o v o o 0 s 0 o o

APPENDIX A

Protccols

APPENDIX B
SOPs

APPENDIX £
Pathology

APPENDIX D
Pharmacokinetic Parameters

APPEXDIX E
Sample 1 and 2 Compartment Model Computer Programs




i
n
w

£33 K2

Table 1.
Table 2.
Table 3.

Tadle 4,

Table 5.

Table 6.

Tadle 7.

Table 8.

Tehle O

Table 10.

Table 11.

Table 12.

Table 13.
Table 14.

Table 15.

i1

Rasults of Task 89-06 GD LDy, Study in Sheep. . . . . . . ...
Treatment Groups Used in Task 89-06 . . . . . . . . .. .. ..

Ten-hr and 48-hr Lethaiity Results, and Tises to Death for Six
Groups of Sheep: Untreated, Atr/Syr, 2-PAM/MXI, HI-6/Syr,
NX“élu"’.-Dl’y, lﬁd HI-G/AU’OQQH. * e s 8 s @ ¢ 8 o e 9 s s e e »

Paraneter Estimites and Model Results from Fitting Cosmon Slope
Probit Dose-Response Model to the 48-hr Lethelity Results from
Six Groups of Sheep . . .

Estimated 43-hr GD LOys and Protective Ratios for Six Groups
of ’h.‘p . . - . L] L] . . . . . . LIS L] . . * L4 L] . - L] . L - L

e 8 & & e @ & & 8 6 € o e s & ¢ * o+ @

Farasster Estizates and Mode! Results from Fitting Comson Slope
Probit Dose-Response Model to the 10-hr Lethality Results frcm
Mx Groups of SheeP . . . . . v bt et e e s e e s e s e s s

Estimated 10-hr G0 LDy,s and Protective Ratios for Six Groups
°f sh“p. - . . L] L I . L] . . @ L4 L4 . . . . . . . L] . . . L] .

Parameter Estimates and Model Results for Regression Model of
Tima to Osath Varsus GJ D03@. . . . ¢ ¢ ¢ ¢ ¢ o 0 ¢ o ¢ o ¢ s

Predictad Tiuves %0 Ugsath at Two Times the Untreated 48-hr GD
iO for Six CGroups of Sheen. . . . . . . . . . .o 0o ..

Clinical Observations for Onset and Cessation of Tremors,
Convulsions, Prostration, and Sternal Recumbency. . . . . . . .

Summary of Onset Times for Tremors, Convulsions, ind Sternal

Surmary of Regression Modeling of Duration of Tremors,
Convulsions and Sternal Recumbency. . . . . . e h e e e e

Treatment Schedule for Pharmacokinetic Studfes. . . . . . . . .

HI-6 Pharmacokinetic Parameters AUC,;.,, C_,, and t_, Derived
from Empirical Data . . . . . ... . ... . e e e s e e s

Hl-G]Phamacok!netic Parameters V,, k,, k., from One-Compartment
Model . . . . ... ... ... .. e e e e e e e

19

27

29

3
18
40
M
'
48
51

57




oy
v

£ K2 EI 3 BN A BN 0 G U U B B Be &3

Table 16.

Table 17.

Table 18.

Table 19.

Table 20.

Table 21.

Table 22.

Table 23.

Table 24.

iv

LIST OF TABLES
ontinued

HI-6 Pharmacokinetic Parameters Calculated frea k,, k,,, and V,
B‘s‘donone‘cwartmntmeloooo-'--uoao'o-oo

Susmary of Statistical Analysis of Delivery Systes,

Animal-to-Animal, and Week of Testing vVariability for KI-§
Pharmacokinetic Parameters. . . v ¢« ¢« ¢ ¢ o o ¢ o o o ¢ o o o o

Atropine Pharmacokinetic Parameters AUC; .z, ., and t
DerivedmenpiricalData......?u......;m....

Atropine Pharmacokinetic Psrameters A, B, @, § and k, from

'TWOCWlthOde'I.......-....-.s......

Atropinc Pharmacokinetic Parametars Calculated frem A, 8, &, A,
and x, Based on Two-Compartment Model . . . . . . . v v v 0 o

Susmary of Statistical Analysis of Delivary System,
Animul-to-Animal, and Week of Testing Varfabilily for Atropine
Ptarmacokinetic Parameters. . . . . . ¢ ¢t ot 0 e 00 s e

Estimation of the GD Concentraticn Required to Inhibit Ovine
mzbyriftypﬁl'CEHt{IC“)G?.Z}C.o-oo..a..p...

Sumsary of the Slope and Y-intercept Yaluds from Regression
Analysis of the Aging Datd. . . . ¢ ¢ ¢ o o o s s ¢ o s o s u o

Estimation of GD-AChE Incubatfon Time for Various AChE
u“tiv.tioﬂ v‘]ue’ - - . - L] L] - * L) L ] * . L] - » L] L] L 4 ® L ] L] L]

Page

72
75

n




LIST OF FIGURES

Page

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

Figure 2. Times to Death of Sheep Challenged with GO and Recetving
v.ﬁoﬂ’ T”amts. L) L] . o . L] . L] L[] - L L ] L] L] * - . L3 L] L] - . 32

Figure 3. Probit Dose-Response Models for 13-hr Lethality of Sheep
Challenged with GD and Receiving Various Treatments . . . . . . 34

Figure 4. Mean Plasaa HI-§ Concentrations Following Injection of Eight
Sheep Using Two Different Techniques. . . . . . . . ¢ o o o o . 853

Figure 5. Mean Serum Atropine Concentrations Following Injection of Eight
Sheep Using Two Different Techniques. . . « + ¢« ¢« ¢ ¢ & ¢ o o . 54

Figure 6. Modsl-Based Versus Empirical AUCe . for Plasma HI-§. . . . . . 60
Figure 7. Modal-Cased Versus Empirical C, for Plasma HI-6 . ... ... 61
Figure 8. Model-Based Versus Empirical t, for Plassa HI-6 . .. ... . 62
Figure 9. Modal-Based Versus Espirical AUC, o for Scrua Atropine . . . . 68
Figure IC. Modei-Based Yersus Expirica) C, for Serus Atropine . . . ... 69
Flgure 11. WModel-Based Versus Empirical t,, for Sarum Atropine . . . ... 70
Figure 12. Inhibitfon of Ovine RBC and EEL ACRE by GD. . . . . . . . . . . 74
Figure 13. Reactivation of GD-Inhibited SRBC AChE by HI-6 at 23 C and 37 C 76




TASK 89-06: DETERMINATION OF THE RICEQUIVALENCE OF HI-6 AND
ATROPINE Wi.EN DELIVERED BY YET/DRY AUTOINJEZCTOR OR SYRINGE
IN SHEEP: A PHARMACCKINETIC AND EFFICACY EVALUATION

1.0 _INTROD'CTION

The oxime 1-2-hydroxyiminomethyl-1-pyridino-3-(4-carbamoyl-1-
pyridino)-2-oxapropane dichlcride {HI-6) given in conjunction with atropine
appears tn be the most effective available treatment of pinacolyl
methylphosphonofluoridate (soman; 60) intoxication. 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.¢"33-* A major
obstacle to the development of HI-6 for military use is its marked instabiiity
in solutfon. Current U.S. Army autoinjector systems for treating nerve agen:
intoxication 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 1ts stable, crystallina form. 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 expectsd 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 narve agsnt antidola,

Mo in yivi studicgs have been acco-piishod to validate the wot/dry
autoinjector as an effective method of introducing in emergency antidcta for
nerve agent intoxication. Substantial differences may exist between the
experimental administration of previously prepared sclutfons of atropine and
HI-6 given by syringe and the proposed administration of the compounds using a
wet/dry autoinjector. Potential problems with a wet/dry autoinjector delivery
system include:

Any dolayoin adainistration of nerve agent antidote because of time
required to form an HI-6 solution may result in therapeutic failure.
Time to treatment becomes critical once signs of nerve agent
intoxication are manifested.

The dispersion pattern of the admixed solution in tissue may alter
the absorption of the antidote compounds. The design of the



autoinjector is such that the tissue dispersion pattern of injected
material cannot be simulated in the laboratory with the use of
syringes.

3
k

A relatively small deliverable dose of HI-6, dus to the small volume
capacity of the autoinjector, may not be adequats. Although the
data base for HI-6 suggests efficacy in treating GD intoxication,
virtually 411 studies have been done in small animals (less than

10 kg) at relatively large doses (20-200 mg/kg). As packajed in
available autuinjectors, the doss of HI-6 to a standard 70 kg man
rainges from 5.7 to 7.1 -gjkq per injection. [t is not certain that
K1-6 can provide improved survivadility or reduced morbidity
relative 2o the currently fielded nerve agent intidote regimen if
its use 13 comstrained by formulation and/or doctrinal
corsiderations.

This task was inftiated at Battelle's Medical Research and
Evaluaticn Facility (FREF) ta:

1. Compare the afficacy of atropine and NHI-6 dolivered
intraamisculariy (IN) by wat/dry autoinjector with their efficacy
when deiivered IN by coaventional syringe in the treatment of GD
intoxicatiom {n sheep.

2. Compare the efficacy of atropine/HI-6 delivered by wet/dry
autoinjector to the efficacy of atropine/pralidoxime chloride
(2-PAM) delivered by the Mark I (MKI) autoinjector system in
preventing the effects of CD intoxication in sheep.

3. Determine and compare pharmicokinetic parameters in sheep for
atropine and Hl-6 when injected IM by syringe and when delivered
by wet/dry autoinjector.

4. Determine the "aging® rate of GD in sheep erythrocytes.
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2.0 EXPFRIMENTAL DESICN

2.1 Jest Animals

Sheep were usad for this study because of their known response to
organophasphonate (0P) chemical surety materiel (CSM), because of similarities
with san in body weight, and because sheep have been used in sizilar
pharmacokinatic studies with [N administered drugs.>™® Approximately
1-year-old wethers of Rambouiliet-Columbia breeding were obtained from Thomas
0. Morris, Inc., Reisterstomn, M). A1l sheep had serology performed prior to
shipment to the MREF and were negative for antibody titers for the ( fever
causative organisa, (oxiglla burnetii. Upon arrival at the MREF, sheep were
examined by a vetarinarian and blood and fecal sumples were obtained for
clinical pathological and gastrointestinal parasite evaluations. Shezp were
held in quarantine for a minimum of 7 days prior to use in a study. Al
animals were tagged in the ear to retain posit:ve tdantification and were
uzintained in an outdoor fenced area with avatlable sheltar uatil brought into
the laboratory for experimentation. Shaep wers fed Purini Rumilat® with
1imited quantities of locally purchasad hay. Weter war suppiied from
Battelle's West Jefferson water systee 3d libitum. The weter i3 analyzed
quarterly for potability and annually for contaminants. No coataminants which
would interrere with the results of the study are known to ba present in the
water or feed. :

Sheep were shorn, brought into the laboratory, and mainrtafned on
straw bedding in animal rooms kept at 65 & 15 F with a relative humidity of
50 £ 29 percent. Fluorescent lighting with a light/dark cycle of 12 hr each
per day was used. Sheep ware acclimated to a sling suspended from a stand for
a ninfsm of 20 min ner day for 2 days prior to experimentation, and they
routinely adapted rapidly to this mathod of restraint. Each amimal was
weighed using a Nordic Forge scale (MASCO, Fort Atkinson, WI) and animals were
homogenized by weight into groups for effizacy testing of treatments for GD
intoxication. Sheep weighed between 60 and 100 kg at the time of testing and
appeared to be in good physical condition.



2.2 Materials and Methods
2 z ] Chesxistry

Atropine and 2-PAM contained in MK antidcte fnjection systems and
atropine and KI-6 containad in wet/dry antidote injection systems as well as
additional HI-6 {n a solid stats wer2 provided by the U.S5. Army Medical
Research Institute of Chemical Defense (USAMRICD). Sufficient numbers of
antidote injection systaas from tha same ‘ot were provided so that efficacy
and pharmacriinetic studies could be perfcrmed. Atropine sulfate monohydrate
(Aldrich, Lot Mo. EWO1602iH), $8.6 percent pure) was purchased and a solution
prepared in the same foreulation 2s the atropine solution used in the wet/dry
sutoinjectors (propristary information). This atropine solution was used as
diluant for tha HI-6 in preparing admixed atropine/NI-6 solutions for dosing
of sheep by syringa on each day of efficacy testing. A sampie of the
atropine/HI-€ sclution pregared or each day of dosing was analyzed to confirm
desired concentrations. Commercially available atropine sulfate injectable
solution (Atropine L.A., Builer, Columbus, OH) was purchased locally for use
as suppiemental atropine in afficacy studies.

The WLI systow consists of twe saparste injector:, sne for atropine
(Atropea) end cne for 2-PPH. Removing either tubular plastic "pen® from the
common holder arms a spring-loaded mechanism which forces a hypodermic needle
from the pen when its head is pressed against the skin. The same spring
mechanism advances 3 plunger which causes injection of the contents of the
pen. The wet/dry autoinjector system (ASTRA Autoinjektor) delivers atropine
and HI-6 in a single injection. Tha top portion of the injector is rotated to
break a seal and the injector 13 shaken for ten sec to mix the atropine
solution and powdered HI-6. A safety ring is removed, the injector held
against the skin, and the red top 1s pressed to initiate injection of the
contents, Soth autoinjector systems are kept in place against the skin for
10 sec after activation to ensure complete injection.

G0 was supplied by USAMRICD. Purity of GD stored at Battelle is
periodically confirmed by Battelle chemists. For dosing of sheep, a nominal
1.7 n3 of GO per oL of physfologic saline solution was prepared for this




study, and aliquots were stored in amber i0-mL serum vials at approximately
-70 C. After each dosing day, samples or dosing aliquots were analyzed by gas

chromatography.
2.2.2 60 1D, Estimation

A 48-hr GD LDy, was estimated for this population of sheep. Sheep
were 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 ali IH
{njections. To obtain maximum accuracy in delivered doses, syringes used for
dosing GD were Hamilton (Reno, NV) microliter syringes of the smaliest
comgcatible volume. Syringes were filled to no more than 95 percent of labeled
volume. Individual, labeled syringes were loaded with the calculated volumes
of GD prior to the start of dosing, weighed, and placed on ice until used.
After dosing was completed, syringes were weighed again to determine weight
losses. Weight losses were used to calculate the volumes actually delivared.
At the time of injection of these exempt conceniraticns of 60, sheep were
restrained in a sling and positioned at the face of a hood approved for the
use of highly hazardous chemicals. Experisentation perférmed under Task 88-38
of a prior contract had established the 48-hr GD LDy, in sheep at 6.6 ug/kg
body weight. Using a common slope model (1.e., using the slope determined for
the GD dose-lethal response curve determined in Task 88-38), an LDy, was
estimated by a probit model. After each day of testing, a statistical
hypothesis test was conducted to determine if the L0, estimated for the
current population of sheep was similar to tha 6.6 ug/kg estimated in
Task 88-38. The study was designed to use no more than 10 sheep in estimating
an L0;,. If, after five or more sheep ware dosed, the estimated LDy, was
within the 95 percent confidence limits {5.1-7.1 gg/kg) of the LDs, estimated
in Task 83-38, the LD, estimated in Task 88-38 would be accepted as the LD,
for sheep in this study and no further sheep would be injected for the purpose
of establishing an LDy, in untreated animals.

e 2o




4.2.3 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 autoinjoctors, 2) equivalent doses of
admixed atropine and Hi-6 given via three hypodermic syringes, and

3) atropine/2-PAM given by three MXI autainjector systems. To ensure that
efficicy of reactivator therapy wis not adversely affected by an {nsufficient
dosaga of anticholinergic, supplemental atropine was administarsd 1IN to
provide a total atropine sulfate equivalent dose of approximately 0.5 mg/kg,
as recommended for treatment of OP fntoxication in sheep.™'” D was given
IM in the caudolateral muscles of the right thigh and one min later all
treataments were given IM simultaneously in tha antsrior lateral area of the
Teft thigh in the region of the vastus lataraiis head of the quadriceps
femoris muscle with a one inch or mcre separation of {njection sites.
Autoinjectors were weighed prior to use, and again, aftesr injections were
made, to confirm delivery of autoinjactor conteats.

Experiments were conductad in a stagewise fashion, using only a few
sheep in each troatmant group par day, 20 determine the L0y, for each group.
The (0,8 and clcoes of the Goss-responss cwrves ware compaved aftar each
st2ge to detarming any significant differemcys im officacies of therapy. The
maxisum nuaber of sheep to be used im each of the atrupine/HI-6 via syringe
and atropine/2-PAM (MKI) treatment growns was set at 25, and the maximum
numbar of sheep in the atropine/HI-§ via wet/dry autoinjector group was set at
35. IF significant differences (P < 0.05) in treatment efficacies were
deterninad with fewer sheep, experimentation would ceass at that time. If,
after a minimm of 10 sheep in each of the three groups had been chalienged
and treated, there was not a statistical difrerence in LD,, values between
atropine/2-PN% and atropine/HI-6 treated sheep, the USAMRICD Task Area Manager
ard Contracting Officer's Representative wers to be consulted and a course of
further action planned.

Sheep were returned to an animal nolding room following GD and
treatment injections, removed from slings, and observed for 48 hr for signs of
6D intoxication, including muscle fasciculations, tremors, convulsions,




excessive salivation/bronchial secretions, and prostraiion. Sheep were
closely and continuously observed for the first two hr following GD injection
and then at decréasing 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 coavulsions or
prostration were statisticelly analyzed, as feasible, to determine any
differences in incidence or severity of effects in sheep receiving different
therapies. Animals dying on study were submitted for necropsies and all gross
lesions were recorded. No tissue sample cuilection was performed. After
necropsy, remains were incinerated. Sheep still alive at the end of the 48-hr
observation period were euthanatized and cremated.

2.2.4 Pharmacokinetic Studies

——

In pharwmacokinetic studies, sheep were given equivalent doses of
atropine/HI-6 either with three wet/dry autoinjectors or with three
conventional syringes. Sheep were given IM injections in the anterior lateral
area of the ight thigh in the area of the vastus lateralis head of the '
quadriceps femoris muscle. Solutions delivered by hypodermic syvinges were
prepared in the same formulation as that used in autoinjectors (sutoinjector
data provided by USAMRICD). After a minimum one-week wishout 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
atropine/HI-5 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.,
Miami, FL) or with a disposable 10-aL syringe and 18 gauge, 1.5 inch needle
(Becton Dickinson, 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 fn the three-
way stopcock and indwelliny catheter to prevent clotting of blood during the
longer intervals between blood collections. The heparin block was removed by
withdrawing a 1-mL voluna before drawing the 10-mi blood sample for analysis.
Five sl of the 1C-ml blocd sample drawn using a 10-mL disposable syringe was
{mmediately placed in a prelabeled heparinized glass vacutainer® (Becton
Dickinson). The other 5 sl was placed in a prelabeled 13-ml polypropylene
tube with cap. This tube was placed or its side and the blood allcwed to clot
at roos temperature for at least one hrr. Sheep were rezoved from slings after
the 120-min blood samples were drawn and allowed access to feed and water.
Catheters were left in place unti) after the six-hr blood samples were drawn.

The heparinized blood samples were transferrad to labeled
polypropylene tubes and centrifuged at approximately 15090 X 6 for 1S min.
Then, the plasma was removed with pipettes, put into labeled polypropylene
tubes, and frozen at appruximately -70 C until ascayed for HI-§. Analyses for
HI-6 concentratinn were conductsd at the MREF using a high parforwance Viquid
chromatography (HPLC) techsiique (MREF SOP 89-62). After tha blood samnles in
the non-heparinized tubes. had ciotted, the blocd clots wera gently separated
from the sides of the tubes with appiicator sticks. The tubes ware then
centrifuged at approximately 863 X G for 15 min and the sarum was pipatted
into labeled polypropylene tubes and frozen at approximately -70 C. Serunm
samples were hand-carried to the laboratory of Dr. Larry Miller at Battelle's
Columbus site for determination of atropine concentrations, using
radioimauncassay (RIA) techniques (SOP Number: TOX VI-014-00).

The study Jsed 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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Pn-rmacokinetic parameters for atropine and HI-6 administered by both
injection techniques were compared to determine any significant (P < 0.05)
differences. :

Thirty-two separate pharmacokinetic analyses were performed - serum
atropine following use of both injection techniques in eight sheep, and plasma
HI-6 for both injection techniques in eight sheep. Although blnod 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 samples 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 HI-6 was
2.5 ug/mL, and values below this concentration ware also considered as zero
for pharmacokinetic analyses.

The objective of the statistical analysis of the pharmacokinetic
data was to determine if any significant differences existed among the HI-6
and atropine pharmacokinetic parameters estimated for the two different
injection techniques. Empirical data for Conx® taasr 3nd AUCH ., f.2., the
actual nighest blood concentration measured, the actual sampling time of this
highest concentration, and the area under the measured blood conceatrations
over time curve to 360 min derived by the trapezoidal method, and the same
pharmacokinetic parameters predicted by models were statistically evaluated.
The correlations betwesn empirical and model estimates were determined te
assess the "goodness of fit® of the models.

Pharmacokinetic paramsters were analyzed to determine if thare 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
treatment regimens on different testing days are called cross-over designs.
By using a cross-over design, couparisons between the pharmacokinetic
parameters of different injection techniques can be made on an individual
animal basis. Controlling for the animal-to-animal varfability by using each
animal as its own control provides more precise comparisons between injection

wad
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technijues. Special considerations may arise because the effects of a
treatment administered one test period may carry over to the naxt test period
(residual effect). Therefore, an animal's blood levels may be affected
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-cver designs was
conducted for each empirical and model-based estimated pharaacokinatic

. 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 narimeter Y:

Y = pg+Beysree

where § = average value of the pharmacokinetic parameter,
8 = effect of animal,
y = effect of week of testing,
7 = direct effect of the autcinjector used that week, and

¢ = uncontroiled variztion within an aniaal.

Sheep were observed at 20 min after injection of the atropine/HI-6
for signs of atropinization, including pupillary size changes and rasponse to
1ight and changes from preinjection heart rate. Muscle coordination in
ambulation was evaluated at 120 min after injection of atropine/HI-6 when
sheep were remcved from slings.

2.2,5 6D Aging Stydies

This portion of the task was designed to determine the rate of aging
[i.e., the rate of dealkylation of acetylcholinesterase (AChE)-bound GD and
formation of irreversible GD-AChE binding] of GD bourd to AChE from sheep red

R
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blood cells (SRBC) using a method developed in Task 38-36 of a previous
contract. The assay is based upon the percent of AChE dephosphonylated
(reactivated) by Hl-6 added at different times of GD-AChE incubation, witk
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
using a Cobas FARA (Roche Diagnostic Systems, 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 IC mL of blood was collected from each sheep in a
vacutdiner containing heparin as an anticoagulant. The AChE present on the
membranes of the sRBC was made soluble with Triton X-10C in accordance with
MREF SOP 38-46 (Appendix B). The AChE activity present in the different
samplies was adjusted to approxisately the same baseline level, and the
inhibition of AChE activity for various concentrations of G0 was determined.
From the inhibition data, a GD concentration was selected for use in aging
studies. The HI-6 concentration used was fixed at 809 sM, as this
concentration is known to be effective in reactivating fetal bovine serum
AChE. (12

Procedures were performed in three steps:

1.- AChE Preparation: Blood samples from sheep were collected in
heparinized vacutainers and then centrifuged at 8,800 X G for
ten min. The sSRBC were osmotically lysed by resuspending the
red cell pellet in distilled deionized water to form membrane

ghosts which were {solated b centrifugation on the day of blocod

collection (MREF SOP-88-46). Samples of AChE were orepared by
dissvlving the SRBC membrane ghoits in & 1 percent Triton X-100
in physiologic saline solution. The AChE samples were then
aliquoted into 1.7-mL polypropylene tubes and stored at -10 C

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 the

sensitivity of the measurements,

W w  empE
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; 2. GD-Induced Inhibition of AChE Activity: An aliquot of AChE from

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

i the AChE a-tivity diluted to approximately 20 mlnits per ml with

i the 1 parcent Triton X-100 in physiologic saline solution. GD,

i at varifous concentrations, was incubated with the AChE samples

‘ for five minutes prior to determining AChE activity using the
centrifugal analyzer. Incubation and ACHE activity

3 determinations werw performed at 23 C. Slope and y-intercept

! values were calculated, using regression analyses of log GD

concentration (x-axis) versus AChE inhiviticn valuas between
15 percent and 85 percent. The GD concentratica requived to

‘ produce a given amount of AChL {uhibition was estimated from the ‘
regression line equation and individual slops 2nd y-intercept
values for the experimental conditions used. Tha ICg, value,
that GD concentration required to produce 50 percent inhibition
of AChE under the experimental conditionz, was calculated for
each animal. '

3. Aging of GD-Inhibitad AChE: GD was incubated with AChE samples

for various lengths of time to allow different degrees of aging.
After incubation, HI-6 was addazd te a final concentration of
800 gM, and the wount of HI-8-induced ACKE reactivalion was
determined. The iging rate of 60-inhthited ACKE is described as
a first-order process and graphical presentation of log percent '
reactivation versus length of incubation yields a linear
plot.t'® Aging rats, 2s defined by the slopa of the semi-
logarithmic plot, was determinad at 23 C and at 37 C.

3.0 RESULTS

1.1 Chemistry

USAMRICO reported that wet/dry autoinjectors (ASTRA) delivered
1.86 mg atropine and 460 mg HI-6 in a total volume of 3.15 mL. The MKI system
is designed to deliver 2 mg atropine sulfate equivalents using the Atropen
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{tot No. RU72{3, Manuf. date 5/85) and 600 mg 2 PAM by the 2-PAM autoinjector
(Lect No. RU8243, Manuf. dat: 5/895).

Chemical analyses of GD dosing solutions (MREF SOP 88-31) from iDs,
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 GD solutions is dependent upen temperature
and handling, and the solution demen.trating only 82 percent of target
cancentration was not analyzed until 6 days after dosing.

Altiiough some incorrect assumptions wers made, as discussed in 3.3
Treatment Efficacy Evaluation, chemical analyses of daily dosing solutions
demonstrated an atropine dcse within t 8 percent of the target dose (MREF SOP
89-55) and an HI-6 dose within ¢ 5 percent of the target dose (MREF SOP
89-64). For pharmacokinetic studies, chemical analyses of dosing solutions
confirmed HI-6 doses within S5 percent of target and atropine doses within
Y percent of target, except for the first day of pharmacokinetic studies when
the atrepine concentration was analyzed at 84 percent of target.

3.2 60 LD, Estimation

A modified up-dowr type expariment, challenging one or two sheep per
day, was conducted to estioate the 48-hr 6D LDy, in the present population of
untreated sheep. Based on historic information on the slope of the GD dose-
lethal response curve and aralyses of data as they were obtained, the best
doses for challerging succeeding animals were selected to estimate the 48-hr
6D LDy, most efficiently. A total of five sheep were injected with GD, on
three differeat 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 £0 animals used in Task 38-38,
and 48-hr GD L0y s were estimated for each group of untreated sheep. The two
LDy,s were not statisticzlly 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 GD LDy, 1a this pool of untreated sheep wes calculated to be ;i-i
6.6 pg/xg. b
E
o
R B
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TABLE 1. RESULTS OF TASK 89-06 GD LD, STUDY IN SHEEP

Animal Number Weighs (kg) GD Dose (ug/kg) Time of Death
28 €9.3 5.6 -
43 713.0 . 5.7 -
51 7.1 6.3 11 min
6 60.9 7.3 72 min
40 64.5 1.7 75 min
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3.3 Treatment Efficacy Evaluation

On the first day of treatment efficacy testing, an atrcpire stock
solution was used as diluent in preparing an atropine/HI-6 admixed solvifon.
Hl-6 was weighed and dissolved in the atropine stock solutfon in a manner to
deliver 1.86 mg atropine free base and 460 mg HI-6 in 3.15 mlL of solution.
Seventeen sheep were given various GD doses, selected by the study
statistician in collaboration with the study director. At one min after GD
injection, five of these sheep were treated with three #I autoinjectors each,
seven were treated with three wat/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 euch
KX1 Atropen injected 2 mg of atropine sulfate equivalents, and each wat/c:y
auloinjector and each prepared atropine/HI-6 solution injection gave a dise of
2.2 mg of atropine sulfate equivalents. Based 2n this assumption, add!’ lonal
atropine sulfate in a 15 mg/ml commercial solution was injected ssparataly to
provide a total atropine sulfate treatment dose of 0.5 mg/kg.

Following the first day of afficacy testing, a report on the
operational evaluaticn of the wet/dry autoinjector was received from
USAMRICD. ' From this report it was determined that the average volume
d2livered with the wet/dry autuinjector was 3.05 sl and the average atropine
dose of 1.86 mg was in atropine sulfate equivalents rather than atropine free
base as had been assumed. Thersafore a new formulation of the atropine stock
solution had to be prepared and the amount 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 sl volume. This did not change the total dose of
Hi-6 delivered, although it did decrease the total volume delivared by 0.3 mi,
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
wat/dry autoinjector on the first day of efficacy testing to be ! mg or
0.07 mL of the 15 mg/mlL supplementa]l atropine solution. The body weight range
for these seven sheep was 66.8-77.7 kg, and the supplemental dose of atropine
was designed to deliver a total atropine sulfate dcse of 0.5 mg/kg. Thus, 1 mg

g e e
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error in the dose injected in the lightest sheep decreased the total dose of
atronine sulfate delivered by J percent, 4nd results of this error are
prodably iicnnsequential.

Procedures similar to those used on the first day of efficacy
testing were performed on the second day with only the atropine/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
autoinjectars, and ten with atropine/HI-§ via syringe. Although the estimated
LOgs of treated shecp were approximately twice the LDy, of untreated shzep,
there were no statistical differences (P < 0.05) between the 48-hr GD LD s
estimated for the trealment groups. As stated in the protocol, because there
was not a significant difference in LDy, vaiues, the USAMRICD Task Arca
Manager and the Contracting Officer's Representative were contacted and
informed of these findings. As a result, it was decided to use an additfonal
treatment group: atropine administered via three MKl Atropens plus HI-6 (a
total of 1,380 mg delivered via three syringes at a3 voluas of 3.05 sl per
syringe) followed by the supplemental dose of atropine. On the third day of
efficacy testing, five sheep were challenged with GD and treated with
atropine/2-PAN from three MKI autcinjectors, five wers chellenged 2nd treated
with the HI-6/Atropen combination, and five sheep were challienged and treatad
with three syringes, each containing the atropine/HI-6 admixture. All sheep
were given the supplemental dose of atropine. The same treatment regimens
used on the third day of testing were also used on the four.h day of efficacy
testing.

After four days of testing, because the 48-hr GD LDs estimated for
the HI-6 therapies were not statistically significantly greater than that
calculated for the atropine,;2-PAM MKI therapy, an additional treatment group
was added 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 with the MK]
autoinjectors. Ail 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 (5 sheep) were compared. As on
previcus days, all treatments werc given with sufficient quantities of
supplemental atropine to deliver 0.5 mg/kg body weight.

Tha treatment groups studied in this task, their abbreviated group
names, and number of animals testaed in each treatment group are displayed in
Table 2. The results of treatment efficacy testing are presented in Table 3.

L.1.1 Statistical Analyses

The statistical anaiyses of results of this study rely on a number
of assumptions. It was assumed that the probit model, with no background
Tathality, provided a reasonable approximation of the GD dose-lethality
response relationship, at least between the 10th and 90th percentiles. It was
also assumed that the slopes of the dose-response relationships for each group
of sheep studied in this task (Untreated, Atr/Syr, 2-PAM/MKI, HI-6/Syr,
Hi-6/W~t-Dry, and H1-6/Atropen) could be approximated by a single slope. It
was further assumad that the sheep were drawn from a single papulation, with
no drift in response over time. The absence of a time drift in response
pareite the use of a stagewise cuse allocation strategy, as opposed to testing

all ani=als simultaneously.
.3.1.] Analysis of 48-Hr Lethality Data

Data froa sheep given virtually no therapy in Task 88-38 and data
from Task 83-06 were used to estimate the 48-hr GD LDyys for untreated sheep
and for treatments of atropine alone, atropine/2-PAM, ard atropine/HI-6 with
different delivery techniques. A probit dose-response model in log GD dose
was fitted to the 48-hr lethality results for the six groups of sheep. This
mode;} 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-GD LDy, for untreated sheep, and to
increase the precision of the slope estimate, thereby increasing the precision
of the 48-hr GD LDy, estimates for the other treatment groups. The parameter
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D TABLE 2. TREATMENT GROUPS USED IN TASK 89-06
b
H
Abbreviated Number of
Treatment Name Description of Treatment(® Sheep
Atr/Syr 5.6 mg atropine delivered by 3 syringes 10
2-PAM/MK1 6.0 mg atropine plus 1,800 mg Z-PAM C] given 29
with 3 MKl autoinjectors
HI-6/Syr 5.6 mg atropine plus 1,380 mg HI-6 given admixed 24
in 3 syringes
K1-6/Wet-Dry 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 MKI Atropens plus 10

1,380 mg HI-6 given with 3 syringes

() Treated sheep received an injection of atropine sulfate to supplement
tl;a; giver;kin autoinjectors or syringes to give each animal a total dose
of 0.5 mg/kg.
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gstimates and results from fitting the common slope model to the 48-hr
lethality data are summarized in Table 4. The estimate of the common slope is
9.61, with a standard deviation of 1.59. Graphs of the probit dose-response
models estimated for each group of sheep based on the common slope model are
displayed in Figure 1.

In addition to fitting & common slope model to the combined 48 hr
Tethality data from the six groups of sheep, separate probit modeis were
fitted to each group. A hypsothesis test of the adequacy of the common slope
assumptica was performed by comparing the fits from the common slope and
separate slopes models. Based on the results of a log-likelihood ratio test,
tha 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 estiamated parameters from the common slope model were used to
ctlculate the 48-hr GD LD,y and protactive ratio (PR) for eack group of shaep.
For each greup of treated sheep, the PR was calculated as the ratio »f the
48-hr GD LDy, estimated for the treiated sheep to the 43-hr GD LD,, estimated
for untreated sheep. The estimated 48-hr GD LD, and PR for each group of
sheep are presanted in Table 5. Wnile the PRs estimated for 2-PAM/MKI,
H1-8/Syr, HI-6/¥%et-Ury, and HI-6/Atropen were detsrmined to be statistically

‘significantly greater than 1 (at the 5 parcent significance level), the PR

gstimated for Atr/Syr was determined to not be statistically diffarent from 1.
Pairwise comparisons were conducted between the 48-hr GD LDy,s estimatcd for
the five groups of treatud sheep. The results of the statistical comparisons
(at the 5 parcent significance level) may be summarized as follows:

o The 48-hr GD LDy, estimated for Atr/Syr with no oxime therapy was
determined to be significantly Tess than the 48-hr 6D LC,s
estimated for 2-PAM/MXI, HI-6/Syr, HI-6/Wet-Dry, and
HI-6/Atropen.

o There were no statistically significant differences between the
48-hr GD LDyys estimated for HI-6/Syr, HI-6/Wet-Ory, and
HI-6/Atropen.
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TABLE 4. PARAMETER ESTIMATES AND MODEL RESULTS FROM FITTING
COMMOM SLOPE PROBIT DOSE-RESPONSE MGDEL TO THE 48-HR
LETHALITY RESULTS FROM SIX GROUPS OF SHEEP

Dependent Variable

Non-Linear Least Squares Summary Statistics (48-Hr Lethality)
Source oF Weighted SS Weighted MS
Regression 7 239,632.21 34,233.17
Residual 169 165.50 0.58
Uncorrected Total 176 239,797.72
(Corrected Total) 175 5G2.42
Sum of Loss 176.97

Asympintic 95 Percent
Asymptctic Confidencs Interval
Parameter(® Estimate  Standard Error Lower Upper
Bl 9.61 1.59 6.47 12.74
801 - 2.38 1.32 - 5.45 - 0.27
B02 -3.17 1.62 - 6.37 - 5.03
803 - 5.62 1.89 - 9.17 - 2.06
BO4 - 6.00 1.86 - 9.67 - 2.33
BQS - 6.28 1.93 -10.09 - 2.47
806 - 6.75 2.03 =10.77 - 2.73

( Bl i{s the estimate of ths cosmon slope.
B0l is the intercept for untreated sheep from Task 88-38 and Task 89-06.
B02 is the intercept for the Atr/Syr treuted group.
803 is the intercept for the 2-PAM/MX! treated group.
B804 is the intercept for the HI-&/Syr treated group.
BOS is the intercept for the HI-6/Wet-Dry treated group.
806 is the intercept for the HI-6/Atropen treated group.
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e While the 48-hr GO LDy, estimated for 2-PAM/MK] was determined to
not be significantly less than the 45-hr GD LD s estimated for
HI-6/Syr and HI-6/Wet-Dry, 1t was determined to be statistically
significantly less than the 48-hr GD LDy, estimated for
H1-6/Atropen. The 95 percent confidence intervai for the ratio
of the 48-hr GD LD, wstinated for HI-6/Atropen > the 48-hr GO
L0y, estimated for Z-PAM/MKI was 1.03 to 1.68. 3ecause of the
largs number of statistical comparisons conducted at the
§ percent sigaificance lTevel, the statistical significance of
this result aust be interpreted cauticusly.

A second approach to conducting hypothesis tests was utilized to
determine if the 48-hr GD LD, s were statistically significantly different for
the three Atr/HI-§ treatments. This test was based on the asymptotic chi-
square distribution of the log-11kelihood ratio test statistic. The resulting
valia of Lhe test statistic was 1.9. Regarding 1.9 as a value from a chi-
square distribution with 2 degrees cf freedom, treatments were not
statistically diffirent at the 10 percent significance level. Therefore, the
data frua the three HI-6 regimers were combined into one group of animals, and
a prohit dose-responss woda! in Tog dase was Tittad to four grouns. This
acda) azsumed a comwn slope, but different interceyts for treatment groups:
Untreatad, Atr/Syr, 2-PAM/KKI, and HI-6. Tha estimate of the 48-hr GD LDy,
for the combined HI-6 therapies was 14.7 gg/kg, with a 95 percent confidence
interval of 13.2 to 16.3 xg/kg. The estimated PR for the combined HI-6
therapies was 2.23 with a 95 percent confidencs intarval of 1.97 to 2.53. The
ratio of the 48-hr 6D Ll\, estisated for the combined HI-§ tharapies to the
48-hr GD LDy, estimated for 2-PAM/MKI was 1.16, with a 95 percent confidence
fntarval) of 0.98 to0 1.37. :

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

While most of the lethalities observed in untreated sheep in Tasks
£8-38 and 89-06 occurred shortly after GD erposure, less than half (22/57) of
the lethalities observed in treated animals occurred within 2 hr after GD
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injection. Consequently, 48-hr lethality may not be the endpoint best suited
for discriminating between the efficacies of HI-6 and 2-PAM, and, therefore,
lethality at other timepnints was also investigated. :

Probit dose-response models in log GD dose were fitted to the data
from the §ix jiouzs of shrep using Soih 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 & lack of fit of the
common slope model for both S0-min 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 pdints was rejected
at the 5 percent significance level. Further analysis indicated that the lack
of fit for both the 90-min and the 4-hr lethality datz resulted from a
shallower fY0pe of the GD dose-lethal response relationship estimated for the
animals treated with HI-6 or 2-PAM than for the Atr/Syr or untreated sheep.

Time to death data were further exaamined. Figure 2 dispiays a plot
of the times to death for nonsurvivors in each group of sheep. Results
displayed in Figure 2 suggest that 2 lethality endpoint between 6 and 1C hr
might be better suited for discriminating between the efficacies of HI-6 and
2-PAM.  Furtherwore, in Task 89-12, lethality at 10 hr had been found to be &
suitable endpoint for discriminating between the efficacies of 2-PAM and HI-6
in the treatzent of GD intoxication in monkeys. Therefore, a probit dose-
response model in log GD dose was fitted to the i10-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 different
intercepts. Ten-hr lethality data are displayed in the seventh column of
Table 3, and parameter eastimates and results from fitting the common slope
model to this data are summarized in Table 6. The estimate of the common
slope is 8.64, with a standard deviation of 1.45. Graphs of the probit dose-
response models estimated for each group of sheep based on the common sliope
model fitted to the 10-hr lethality data are displayed in Figure 3.
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TABLE 6. PARAMETER ESTIMATES AND MODEL RESULTS FROM FITTING
COMMON 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)

L l Source DF  Weighted SS Weighted MS

; Regression 7 192,903.85 27,557.69

) ! Residual 169 159.46 0.94

8 Uncorrected Total 176 193,063.31 ’

l (Corrected Total) 175 735.57

Sum of Loss 189.41

| l Asymptotic 95 Percent

¢ Asymptotic Confidence Interval

Parameter(® Estimate  Standard Error - Lower Upper

gl 8.64 1.45 5.78 11.49
BOI - 2.23 1.21 . '4‘62 0-16
Boz - 3-“ 1-55 '5095 - 0082
803 - 5.09 1.68 -3.41 - 1.78
804 - 5.38 . L73 -8.79 - 1.98
805 - 5.90 1.82 -9.49 - 2.30
306 - 5.8‘ 1087 °905‘ - z:l‘

) Bl is the estimate of the common sloﬁc.
BOl 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 s the intercept for the 2-PAM/MKI treated group.
B4 is the intercept for the HI-6/Syr treated group.
BOS is the intercept for the HI-6/Wet-Ory treated group.
806 is the intercept for the HI-6/Atropen treated group.
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In addition to fitting a common slope model to the combined 10-hr
Jethality 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 dzes 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 froa the common slope moud' were used to
calculate the 10-hr GD LDy, and PR for each group of sheep. For each group of
treated sheep, the PR was calculated as the ratio of the 10-hr GD LD,
estimated for the treated sheep to the 10-hr 6D LDy, estimated for untreated
sheep. The estimated 10-hr GD LDy and PR for each group of sheep are
displayed in Table 7. Estimated PRs were determined to be statistically
significantly greater than 1 (at the 5 percent significance lsvel) for all
five groups of treated sheep: Atr/Syr, 2-PAM/MKI, HI-§/Syr, +1-g/Wet-Dry, and
HI1-6/Atropen. Pairwise comparisons were conducted between v+ 10-hr GD LDgs
estimated for the five groups of treated sheep. The results of the '
statistical comparisons (at the 5 percent significance level) may ba
sunmarized as follows:

* The 10-hr GD LDy estimated for Atr/Syr was deteruined to be
statistically less than the 10-hr GD LDgs estimated for
2-PA/MXI, HI-6/Syr, H1-6/Wet-Dry, and HI-6/Atropen.

e The 10-hr 6D LDy estimated for 2-PAM/MKI was determined to not
be statistically different from the 10-hr GD LDys estimated for
HI-6/Syr, HI-6/Wet-Ory, and HI-6/Atropen.

¢ There were no statistical differences among the 10-hr GD LDgs
estimated for HI-6/Syr, Hl-6/Wet-Ory, and HI-6/Atropen.




——— e ———

"daays pajeasiun soj Mg1 g9 4y-01 Aa papiatp daays pajesuy Jos Mgy g9 Jy-0T ()

(e€ € '90°2) 29°2 (8°22 ‘1°#1) g'et o1 vada13y/9-1N
(e2'¢ 's1°2) 99°2 (e°22 '2°5%) €31 8t Ki0-19K/9- 10
(ve°z '96°1) €2 {(8°81 ‘L°€1) 6°51 »" 245 /9-10
(15°2 ‘¢8°1) -z (z°11 ‘g-21) ra 62 IM/NYd-2
B (66°1 ‘12°1) 851 (e°€1 ‘g°9) Lot ot akg a3y
-- 00°1 (5L 't9) 69 S8 pajeaajun
172 93434 56 wagysy *1°2 W4 G6 #3091353 " Juseiealy

(n04317Y 94331091044

(8x/8¢) ®g1 a9 an-0%

d33HS 40 S4NOYY x,—m 404 SOILVYM 3AILIIL04d ONV $™0) 09 WH-0T QILVMILSI £ 31evi

“TYOFT P R Bl . : » "
e e R A S D SRS A2 S MO .. 33




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

37

A second approach to conducting hypothesis tests was utilized to
determine if the 10-hr GD LDyos were statistically different for the three
Atr/HI-6 treatments. This test was based on the asymptotic chi-square
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 one group of animals and
a probit dose-response mudel in log dose was fitted to four treatment groups.
This model assumed 2 common slope, but different intarcepts for the following
groups: Untreated, Atr/Syr, Z-PAH/HKI. and HI-6. The estimate of the 10-hr
GD LD, for the cowmbined HI-6 therapies was 17.1 pg/kg, with a 95 percent
confidence interval of 15.3 to 19.3 ug/kg. The estimated PR for the combined
RI-6 therapies was 2.49, with a 95 percent confidence interval of 2.17 to
2.85. The ratio of the 10~ 6D LDy, estimated for the combined HI-6
therapies to the 10-hr GD LDy, estimated for 2-PAM/MKI was 1.16, 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 hest erdpoint

statistically analyzed. The objective of the statistical analysis of the
times to death was to determine if there existed 3 statistically significant
relationship between time to death and GD 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 obsarvation pericd. This means that
the tiae to death was not known but would have been greater than or equal to
the assigned valua had the observation periud been longer. The natural
logarithms (1n) of the times to death were modeled as a linear function of the
In GD doses for six groups of sheep. This model assumed that the
relationships between In time to death and In GD dose had a common slope but
different iatercepts. Parameter estimates and results from fitting the common
slope model to this data are summarized in Table 8. The estimated parameters
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of the In-1n regression model were used to predict the time to death at

2 times the estimated 48-hr GD LD, of untreated sh:ep (13.2 pg/kg) for each
treatment. The predicted times to death at a GD dose of 13.2 ug/kg are
displayed in Table 9.

Statistical hypothesis tests were conducted to determine if the
predicted times to death at a 6D dose of 13.2 pg/kg were significantly
different for the six groups of sheep. Based on pairwise comparisons of the
natural logarithas of the predicted timas to death, the predicted times tc
death at 13.2 ug/kg 6D for Atr/Syr-treated sheep and untreated sheep were
determined to be statistically less (at the 5 percent significance level) than
the times to death at the same GD dose predicted for 2-PAM/MKI, HI-6/Syr,
HI-6/Wet-Ory, and HI-6/Atropen treated sheep. While the predicted time to
death at 13.2 ug/kg G0 estimated for 2-PAM/MKI treated sheep was not
statistically differeat than the values estimated for each of the HI-6
delivery systems, it was lass than the predicted time to death for each HI-6

delivery system.

1.3.1.8 Analyses of Clinical Signs Data

The cliaical signs af GD intoxication in the six groups of sheep
wers alsc statistically analyzed. Because the current procedures used for
sonitoring the presence of clinical signs have changed slightly from those
used in Task 88-38, only the 96 sheep tested in Task 89-08 were included in
the analysis of clinical signs. The objective of the analyses of clinical
signs was to datermine 1f there existed statistically significant diffarences
between the onset and duration times of the sublathal responses for the
different treatments and delivery systems. Each animal was continuously
monitored for clinical signs of GD intoxication during the first 120 min
following GD injection, and at decreasing frequencies thersaftar. Clinical
signs compiled for statistical analyses were onset and cessation times of
tremcrs, convulsions, sternal recumbency, and prostration. Annotated clock
times from the clinical signs observation sheets, and Tetter codus designating
the observation interval in which events were observed are given in Table 10
for time tc death, and onset and cessaticn of tremors, convulsions, sternal

recumbency, and prostration.
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TABLE 9. PREDICTED TIMES TO DEATH AT TWO TIKES THE UNTREATED

48-HR GD LDg FOR SIX GROUPS CF SHEEP

Predicted Tims to Death at 13.20% 4g/kg GO

Treatasnt ] Estimte (min) 95 Percant C.1. (min)
Untreatsd 85 Vol 10 80
Atr/Syr 10 122 25 5492
2-PAN/IKT 29 1,864 544 3,540
%1-6/Syr 24 2,332 773 7,063
R1-6/Vet-Dry 1 &,402 ' 1,169 15,58}
NI-6/Atropes 10 7,672 1,333 43,235

™ 13.2 pg/kg 6D is twe times the estimated 48-hr GD LDy of untreated sheep.
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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 sternal
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 vpmstration 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
time to death and time to onset of tremors, convulsions, and sternal
recusbency. For those animals that exhibited tremors or convulsions, the
wajority of onset times occurred between 0 and 15 min. Bzcause of the large
nusber of animals that died prior to 48 hr, the amount of data for onset of
sternal recumbency was limited for each treatment group. The frequency counts
¢id not reveal any potential treatment group effects, and therefore no further
statistical analyses were done for times to onset of tremors, convulsions, or
sternal recumbency.

The clinical signs selected for statistical modeling and analyses,
therafore, were duraticns of trewors, coavuisions, and sternal recumbency.
Uhen both onset and cassation times were noted, the duration in minutes was
siaply 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 clinfcal sign was not exhibited at all and the animal Vived
throughout the observation period, the duration was set equal to zero. If a
ciinical sign commenced and continued throughout the resainder of the
cbservation period (animal lived), the duration was set equal to the end of
the ocbservation period minus the onset time, right-censored. This means that
the actua) value was not known but would have been greater than the assigned
value {f the observation perfod had been longer. If a clinical sign commenced
and continued until the animal died within the cbservation period, the
duration was set equal to the length of the observation period minus the onset
time, right censored.
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TABLE 11. SUMMARY OF ONSET TIMES FOR TREMORS, CONVULSIONS,
AND STERNAL RECUMBENCY
Nusber Nuzber Time to Time to Tremors
Treatment Survived Survived Tremors Tremors Not Cbserved
Group N >120 min >48 irs  0-15 wia 15 min-Z hrs in 2 hrs
Untreated 5 2 2 5 0 i}
Atr/Syr 10 8 1 7 3 i}
2-PAM/MK] 29 2 12 26 1 2
H1-6/Syr 24 17 10 2 1 1
Hl-6/Wet-Dry 18 13 7 18 0 0
HI-6/Atropen 10 9 4 7 0 3
Ti{ss to Time to Coavulsfons Time to
Treataent Convulsions  Convulsions Mot Cbserved Convulsions
Group 0-15 min 15 win-2 hrs in2hrs  Not Used™®
Untreated 2 2 1 0
Atr/Syr 2 1 5 1
2-PAM/ M1 il 5 13 G
HI-6/Syr 16 0 8 ¢
HI-6§/Vet-Ory 12 2 4 4]
RI-6/Atropen 6 0 4 0
Time to Time to Sternal Time to
Sternal Sternal Recusbency Sternal
Treatment Recunt.ency lnculhencx Mot Observed Recunbonﬁx
Group 0-15 ain 15 ain-43 hrs in 43 hrs Not Used!
Untreated 0 2 0 3
Atr/Syr 0 0 1 9
2-PAM/NK] 3 2 7 17
W1-6/Syr 2 5 3 14
Hi-6/Wet-Dry 3 1 3 1
HI-6/Atropen 1 0 3 6

@)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 GO dose and treatment group as the independent variables. For duration
of tremors and convulsions, regression models were fitted both to the data
from ail the animals and to data only from animals that survived the two-hour
obvservation pericd (2-hr survivors). For duration of sternal recumbency, the
regressicn model was fitted to only the data from animals that survived the
48-hr observation period.

Table 12 susmarizes the results for statistical models fitted to the
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 bs statistically different from
zero at the 5 percent significance level are identified. A hypothesis test
was conducted for each fitted model to determine {f there existed any
statistically significaat differences between the duratfon times for the six
groups of sheep based on the fitted modei. Outcomes of the hypothesis tests
are shomn in the fourth columm of the table. The estimated parameters of the
regressicn models were used to predict the average duration time at a GD dose
of 13.2 pg/kg (two times the estimatad 48-kr KD LOy of untreated sheep) for
gach Jroup of sheep. The predicted group mesns togather with 95 percent
confidence intervals are shown 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 tremors and
convulsions wers predicted to increase with increasing G0 dose. Also, mean
durations of tremors and convulsions showed significant differencas among
treatment groups. Mean duration times were smallest for HI-6/Atropen, and
mean 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
statistically different from zero, but was still positive. The estimated
slope for duration of convulsions, however, was statistically significant when
the mode! was fitted to data from 2-hr survivors only. Therefore, duration
of tremors and convulsfons were predicted to increase with increasing GD dose
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when attention was restricted to 2-hr survivors. There were no statistizally
significant differences among average duration times of tremors or convulsions
for the six groups of sheep based on the models fitted to 2-hr survivers.
However, the statistical power of this test may have been reduced due to the
smaller sample size of the 2-hr survivors. The reiationship among treatment
group means was similar to the results based on models fitted to all animals:
mean duration times were shortest for HI-§/Atropen and longest for the
untreated sheep.

For duration of sternal recumbency, the estimated regression siope
was negative, suggesting that duration of stermal recumbency decreases with
increasing GD dose. However, the large standard errer 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 recumbency for the six groups of sheep based on the models fitted to
the data from survivors only. The confidence intervals for the predicted
group means werg very wide and showed much overlap among the treatmeat groups.
Overall, inferences for duration of sternal recumbency wers extremely limited
due to the small amount of dats.

Results displayed in Tabie 12 {ndicate sinilar conclusions were
obtzinad from modeling the data from al! the anfaels & modeling the data
from the 2-hr survivers oaly. These results may be summarized as foliows:

(1) Ourations of tremors or convulsions were positively related to
6D dose, with durations predicted to ircrease with higher GD
doses. This relationship was statistically significant for
lurations of tremors 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
animals revealed significant treatment group effects. Mean
durations were shortest for HWI-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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(3) Duration of sternal recumbency among 48-hr survivors did not
show any significant relationship with cither GD dose or
treatment group. Inferences from these analyses were limited
due to the reduced sample size.

3.3.2 Pathology

Necropsies were performed o 60 sheep. These necropsies were
conducted as soom after death as possible. No tissues from any animals in
this study were preserved for histologic examimation. Gross observations are
tabulated in Table 1 and summarized in Table 2 of Appendix C. Treatment-
related Tesions consisted of mild to marked congestion and/or hemorrhage of
the lungs, heart, thymus, trachea, and small intestine. These lesions are
compatible with 6D {atcxication, and all deaths were directly attributed to

- agent toxicity. Other winor gruss lesions were noted, as iadicated in the

tables, but these were incidental to the GO administrationm, and were
principally developmemtal changes or dus to parasitism.

3.4 Pharmacckinetic Study

Twa IX delivery systems for HI-§ and atropine, namely throc
hypodersic syringes or thre. wet/dry sutoinjertors per sheep, were used to
deliver doses of 1380 mg of KI-§ and 5.6 mg of atropine sulfate equivalents to
each of eight sheep in a cro. over study. A crossover design balanced for
delivery system effects, tast week effects, and residual effects was used in
the experiment and {s preseated ia Table 13. Blood samples were collected
prior to testing and at 1, 2, 3, 4, §, 6, 8, 12, 16, 20, &0, 60, 80, 120, 180,
240, 300, and 360 mis after injoction. Plasme NI-§ and serum atropine
concertrations measured for each animal at each time of sampling are presented
in Appendix D.

On the first day of pharmacokinetic studies, several wet/dry
sutoinjectors failed to inject their contents, and sheep 92 received the
contents n¢ only two autoinjectors. These injector failures appeared to de
due to @ technician error because the autoinjectors did express their contents
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?} TABLE 13. TREATHENT SCHEDULE FOR PHARMACOKINETIC STUUIES
1

Animal Week 1 Week 2
r ﬂ 10 . of Dosing® - of Dosing
} g 3 Syrings Wet/Ory
K Syriage Wet/Ory
' 19 Syringe Vet/Ory
8% ¥at/Dry syringe
i 92m . Wet/Ory Syringe
% 112 . Yot/Dry Syringe
189 - Yet/Ovy Syringe
142 Syringe Wet/Dry

(R Within week 1, aninels 25, 140, 142 ware dosed
on 8/25/90; animals 23, 29, 56 and 112 ware
dosad om 6/26/90. Within waek 2, animals 25,
82, 140, and 142 wers Gosed om 7/3/90: animals
3, 39, 86, and 112 were dosad om 7/5/90.

™ Animal 92's treatmeat of 6/25/90 was repeated
on 8/15/90. For statistica)l amalysis purposes,
the week factor for the wet/dry results was
treated as week 1.

- 3
w.-a

[
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when the barrels were rotated at z later time. One techanician was relatively
{nexperienced with the wet/dry autoinjectors and aay not have rotaled the
barrels sufficient prior to attespted injection. Sheep 92 was reinjected at a
later date with thres wet/dry autoinjectors and blood samples obtained.

For each animal and delivery method, AUCy s, Co0 and ., were
caiculated from the empirical data. Area under the blood concentration-time’
curve between 0 and 360 minutes was compute) by the trapezoidal method. €
was presumsd to be the muximum observed concentration, and t_, the tims of
sampiing corvesponding to the saximum concentration. In addition, for each
combination of animal! and delivery tachaique, HI-6 and atropine blood
cencentrations were podeled as functioms of time, using appropriate
compartmental pharmacokinetic models. To determine the type of models which
best fit the dsta and to estimate {nitial er "seed® values for parameters of
that widel, mean conceatration values as a fusction of time for all sheep with
both delivery methods were graphed using a persenal computer. Figures 4 and §
are graghs of modeled mean data for HI-¢ and atrepine, respectively. A one-
compartsent model provided the best 1t for the HI-6 meea data, and a two-
compartment model best fit the atrepine mesan data. PMiarmacokinetic parameters
estimated for HI-6 were V, k, and &, ia the fellewing single-compartment
a0dal:

2
Coy = n (‘M - .‘U)
' ) ",;:(kt <. U S -

-

where C .., 1s the HI-6 blood cencsstratien at time ¢ after dosing, and D is

the dose of HI-6 delivered. ,
Pharmacokinetic parameters estimated for atropine were A, B, a, 8,

and k, in the fellawing two-compartmeat wedel: ‘

Cy = A=Yy 4 g8t L oty

The blaod concentration over time data, for sach animal and both injection

techniques, were transferred to Battelle's VAX mainframe computer for more

precise estimation of the parmmeters of one- and two-cumpartment modals for
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HI-6 and atropine data, respectively. Parameter estimations were performec on
the YAX 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 und statistically
analyzed. The set of pharmacokinetic parameters statistically analyzed are:

k, - first-order rate constant for appearance of a drug ia
the systemic circulation (min’'),

L 9 =  first-order rate constant for drug elimination by all
routas (min’ '),

AUC, 300 =  area under the drug concentration versus time curve
from t = zero to t = 360 min (ug of HI-6 « ain/=l, or

ng of atropine » mtn/sl),

Cona =  paak or maximem concentration (pg of HI-6/alL, or ng of
ttropine/al),

| S e tiss to maimm conceatratioa (mir),

Ve «  appareat veluae of distribution of a dru? that ebeys
:z;glmt kinetics, computed only for HI-3,

1 ]

Ve w  oeoral) sppareat voluxg of distribution of a drug that

cbays two-compartmeat kimetics, &3 calcylated by the

arete mathad, computad oaly for atropina, (L},
- V;(ky,/8) where ¥V, « D/A8.

Pharmacokinetic paramsters, as determined by modeling data for
atropine and Ki-6 for each anizmal, are contained in Appendix D.

Theare ware no observable signs of atropinizaticn in sheep used in
pharmacrkinetic studiez. Pupillary size and response to light at 20 min after
injection of atropine and HI-6 did not appear to be different than that
observed prior to injection. Pupillary response to 1ight was slow and 1imited
at both time points. There was virtually no difference in heart rates at the
two observation times. Muscly coordination and ambulation at 120 min aftar
fnjection, whan sheep were removed from restraint, did not appear different
than that observed pricr to rextraint.




Pharmacokinetic parameters were statistically analyzed to determine
if there were any effects dua to type of delivery or week of testing, and to
assess tha variability {a tha pharmacokinetic parameters among the animals.
Empirically dertved values of tha HI-6 pharmacokinetic parameters AUC, ..,
Caaee 3nd L are presented ia Table 14. HI-6 pharmacokinetic parameters
calculated from singlg-compariment models are showm im Tables 15 and 1€,
Hodal-based estimates of AUCy,,, O, and t are plotted against the
expivically determined values in Figures 6, 7, and 8. The plots demoastrats
that there exists a strong linear relationskip between the model-based and
empirically determined values of AUC, ., and C .. Correlations were computed
batucen the sopirically and model-dased values, and correlations were
dateruined to be statistically diffareat (at the S percaat significance level)
from zere for all three parsmsters. Corvelaticas between ths two sets of
sstimetes ere:

Parametar n  Correlation P-valus
Ny, 16 0.382 0.0001
 Com % 3.9 0.000%
3 18 0.758 0.0007

Table 17 summarizes the resylts of statistical amalyses and
hypothesis testing for delivery techaique, animal-tu-animal, and week of
tastimg vartcuility. The average values of the pharmacokinetic paramsters
estimated for beth delivery techaiques are shawm ia the secsnd and third
colums of the tadle. Because the cxperimsats were balaaced for delivery
technique, the standard ervors of the averges are identical for both of the
tachniquas. The standard error of the average pharmacokinetic parameter for
beth injection methods is displayed in the fourth columm of the table. For
sach HI-6 pharmacokinetic parameter, a statistical hypothesis test was
periormed to deteraine if the affect of delivery was statist.-ally
significant. The values of the F tests and their observed significance levels
are 3iven in the =oxt two columnz of the table.
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TABLE 14. HI-6 PHARMACCKINETIC PARAMETERS AUC
€., and t__ DERIVED® FRON ENPIRICA
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“0aTa

Test Delivery (7. L

Animal Week Systea (pgwmin/at) (sg/ml) (mir)
23 1 Syringe 3139 83.2 20.3
2 Vet /Dry 3,607 49.3 40.0

28 1 Syvinge 2,108 23.3 4.5
2 et /Ovy 1,234 16.2 12.0

39 1 Syringe 2,906 4.9 12.9
2 Wst/Ory 1,840 i9.3 20.9

8 2 Syringe 2,452 39.8 12.0
1 Met/Ovy 2,579 32.2 16.0

92 2 Syvings 2.52¢ 29.% 5.0
X Hat/Dvy 3,002 38.4% 6.0

112 z Syrirge 2,434 25.§ 40.0
i Vet/Cry Y,%81 42.90 20.5

140 2 Syringe 3,492 81.0 20.0
1 Wet/Ory 9/ 8.8 40.0

142 X Syringe 3,158 8.5 16.0
2 Wet/Ory 2,678 1.9 16.7

(£ 1]

was calculatad from the observed NI-6 plasaa concentration-time

curve using the trapezoidal sethod, C_
concentration, and t__ 1s the saspling time corresponding to the maximum
observed :oncentration.

1s the saximum observed




b
%
.
?:1
¥
1.4

TABLE 15. HI-6 PHARMACOXINETIC PARAMETERS V,, k,, kg
FROM ONE-COMPARTAENT MOGEL

Delivery Test )/
Animal  Techmique Week (tii;") (lkﬁl") (f)

33 Syringe 1 0.371 0.715 22.13
Wet/Dry 2 0.052 0.019 21.14

i Syringe 1 0.158 0.010 49.28
et/ dry 2 0.112 9.0)7 60.14

i9 Syringe 1 0.335 0.017 27.44
tet/Dry 2 0.222 0.011 62.06

85 Syringe 2 0.146 0.016 u.n
et/ Dy 1 8.261 8.014 36.38

xR Syvire 2 0.173 0.012 39.67
wez/Dy i g.20: ¢.013 32.33

112 Syringe 2 0.080 0.009 40.10
Her/Dry 1 0.15%0 0.013 26.15

140 Syringe 2 0.197 0.016 3.76
Wet/Ory 1} 0.026 0.020 65.38

142 Syvinge 1 0.149 0.015 28.51
¥et/Ory 2 0.24¢7 0.013 37.62
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HI-6 PHARMACOKINETIC PARAMETERS CALCULATED FROM
k,, ko, AND ¥, BASED OM ONE-COMPARTMENT MODEL

TABLE 16.

T

=)

(nmu)

Delivery

Systes

Test
Week

Animal

0~
o e

b 35

23

-

18.7
19.8

o
-t

< =
A
v

D ot
.

s
-

17.0
11.¢

a8
3s.

2,761
3,302

Syringe

Wet/Ory

o~

~
-4

-y Py
.

-

83

Lag X oy |

o o

112

13.8
43.7

o e

140

142
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The component of variation duc to the effects of the different
animals was estimated for each Hl-6 pharmacokinctic parameter. The estimates
of the between anisal variance components () are displayed in column seven
of Table 17. NXNegative <stimates of the variances were reported as zero. To
assess the sagnituds - - - - animal-to-animal variability, the between animal
variancs componeuts - . tistically compared to the variance component
estimated for the var 5.°  within anismels (¢). Ratios of the two variance
comporents, &nd statis . ignificance levels for the between animal
varfance cosponent are . . - in the eight and ninth columns of the table.
For each pharsacokinetic , @ statistical hypothasis test was
performed to determine if the <  .ct of week was statistically significant.
The values of the F tests and their observed significance levels are displayed
fn the last two columas of the tabla, '

Effects of delivery technigua, animal variability, and test week
were detsrwined %0 be stitistically insignificant (at the § percent level) for
all of the aine ¥1-6 pharmacokinetic parametess. Numericzlly, the mean values
of the empirical and model-basud estimates of AUC; 4 and C, were sowewhat
greater for syringe delivery than for the wat/dry autoinjector.

3.4.2 Statistical Analvses of Atropine Pharmeschinetic Paraseters

Sapirical values of the atropine pharsecokinetic parameters AUC, o,
Gaee 804 t, are presented in Tadle 18. Atropine pharsacokinetic parasaters
calculated from two-compartseat models are showm in Tables 19 and 20. The
absorption rate constant, (k,), was not able to be determined from the
injection by syringe data for anisal 39. This wes the result of very rapid
absorpiim of the atropine when delivered by syringe to this animal. The
sode)-based estimated k, valve was 30 large that it was essentially
unquantifiable. This problem did not appear to adversaly affect. however, the
ability of the pharmacokiretic model to estimate the remaining parameters for
this animal.

Model-based estimates of AUC, ., C,,. 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
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TABLE 18. ATROPINE PHARMACOKINETIC PARAMETERS AUC, s,
Cous AND t, DERIVED'™ FROM EMPIRICAL DATA

1
"

Anisal :::: DE;::::’ (MM'E‘;Tl.) (ng/nL) (:'fﬁ)

Vo e e om

O S 14 Ti574 s ]
" Emom om
| % T Wy 1537 2.8 EX
) & T Ry 7] Y X
‘I R - A
] 1o T wny 1563 T 2.0
3 1z P wuy 21248 3 3
i s am s calculated ot 1T the mar e oo .

and is the sempling time corresponding to the maximm observed
- concentration.
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G)1t was mot pessidle to adequatsly estimuts k, from the data collected
due to repid absorptiom of atropine.
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ATROPIRE PHARMACOKINETIC PARAMETERS CALCULATED FROM
A, B, g, p, AND k, BASED O TWO-COMPARTMENT MOCEL

TABLE 20.

)

)

T Deli .
Animal \i::: Sys::-q (I::!"‘) '(nq'-.l‘n,l) (ncﬁrt)

590
992

4.5
12.9

1€.0
12.%

2,041
1,561

g3

oo

L3

712
833

0.010
0.01}

¢k

v

yri
et/

[

N v

594
n

11.8
4.6

007
0.010

112

0N ot

140

129
660

17.6
2.0

12

F

-
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i roemprrically determined values of AUC, . and (.. Correiations were
Jiouted between the empirical and modei-based values of these parameters, and
correlations were cetermined to be statistically different (at the S percent
significance level) from zero for a1l three paraseters. Correlations
calculated between the two sets of estimates are:

Parazeler n Correlaticn P-value

AUy 40 16 0.994 6.0001
Coa 15 0.928 0.0001
o i6 0.719 .0017

Statistical procedui es utilized to amalyze the atropine
pharwacokinetic parameters are analogous to those smployed to anaiyze the HI-6
estimates for all paraseters axcept k.. The unquaatifiable k, value for sheep
39 was treated as right-censored at 3.0 sin’'. This means that the k, valua
{s not known but would have bean greater than r equal Lo the assigned value
{f it had been able to be estimated. This approach allowed am amalysii of
variance om 16 K, values, one of which was treated as right-censored. The
presence of vight-congsared dita, hwevar, required specialized programs
esploying maxioum Tikelihocd methods rather thaz least square tachniques ts
perfors the analysis of vartance. Therefore, test statistics assessing the
sigatficance of effects ca the k, parameter have am apgreximate chi-square
distribution instead of the F distributioa employed for the other parimaters.

Mypothesis tasts wars conducted for sach pharsacokinetic parumeter
to determine the statistical stgaificance of effects of delivery techaigme,
animal, and week of testing. Tadble 2] summarizes the results of statistical
analysis and hypothesis testing for injection techaique, amimal-to-animsl, and
we k 3f testirg vartab'lity. While the effects of delivery ware determinad to
be statistically intigniticant (at the 5 nerceat lavel) for all of tha
pharaacokinglic pirameters, they were marginally sigatificant fer the egirical
*ry model-tased estinates of AUC, .o (P=0.07 and P0.08, respactively).
t.erically, the  @an values of the eapiricai and 0del-Dased .t L0y ot
AuCy 1o and (, ware somewhat greater for syringe delivery thaa for the
wet Cry auts v, citar. The between animal vartance component was determired €9
te stattst.cally significant for the empirical ond model-Dased estimates o
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AliCq joq- The variation in pharmacokinetic parameters cver the two weeks of
testing was deterwined to be statistically insignificant for all parameters.

3.5 60 Aging

D inhibition of ovire REC and eel ACKE activity data are presented
in Figure 12. The levei of ACKE activity in samples fros ten different sheep
and from a siagle ee) ACKE preparation was examined at GD concentrations
ranging fras 0.10 ok to 8.33 nM. The average GD concentration which produced
50 percemt inhidition of sREC ACKE (ICy,) after S @is at 23 C was 1.75 nM
(Table 22). This wes three-fold higher than the ICy, for eel ACRE, which was
sitioated to be 0.58 mM.

Bats on the saount of MI-§ reactivation of ovine ACRE at 23 and 37 C
are prescated ta Figure 13 as a semi-logaritimic plot. The aversge log
percest reactivation value for sach time peint was used to comstruct the plot.
The averags slope and intercept values from the regression analyses perforasd
or the iadividue! sheep 199 percest rasctivition versus incubation time data
e shoma in Table Z3. Htatistical amaiysis of these data {ndicated
significast differences (P < 0.05) fa the sicpe and intercept values of the
233 C and 37 C data. The y-intercept (the estimated percent of ACKE that cae
be reactivated by NI-6 at tims zere) and slope valuwes ware significantly less
(P <0.05) at 37 C thar ot 23 C. Taking the {averse log of the y-iatarcept
shous that at time tevo there is 36.) and 70.5 percemt resctivation of ACHKE by
Ki-6 st 23 and 37 C, respectively. The mcve negative slope valug obtained at
37 C is indicative of & faster rate of aging than was ehserved at 23 C. These
data are not surprising in that the aging rate of cycloheptylmsthyl-
phosphonylated bovine REC ACKE has been sham to incresse as the reactica
tesperature increases. 4

Table 24 presents estimates of time requived to obtain various
levels of aging of GD-inhidited ovine ACNE at incubation temperatures of 23 C
and 37 C. Fifty percant 37 ACKE activity eppears to have aged after 3.2 win
or 8.4 min of incubetion ot 37 and 23 C, respectively. This i3 a 2.5-fold
difference in 25 -7 ot the twe temperatures. Twenty percent of the
S0-1nhibited ACHE aCtivity could be reactivated by H1-6 at 11.6 win at 37
and 22.6 min at 23 degrees C.



74

ool

Sy 333 9 : I INNW O

09 AR 3V I3 @IV W MIA0 M WO 3T IWi4d

NOLUS NG 3V INIDWId




75

TABLE 22. ESTIMATION OF THE GD COMCENTRATION REQUIRED TO IKWIBIT
OVINE AChE BY FIFTY PERCERT (ICg,) AT 23 C®

o
i

EERBLBLE SRS
b

@ e Yea c’uﬁn (Y«4%+8) is used te selve for
ron [l Temy ot vh ot Iaiitie.
v s valuss
valuss wve wond ?:.M ulalaﬂz. £el
ACME wuhidited am ICqy valus of 0.58 a8 GD.
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TASLE 23. SUMMARY OF THE SLOPE AXD Y-INTERCEPT VALUE
FROM REGRESSION AMALYSIS OF THE AGING DATAM

SLOPE Y -INTERCEPT

ac yec 3¢ 37¢

HEAR 0.028 -0.0470 1.935  1.848%
0.004 0.006 0.033 0.031
©.001 0.002 0.009 0.010

® e zlcps and y-intercept values are aversges
derived fron individual regression amalyses of
agiag Gete of blend saaples fren twa diffevent shesp.

W s1fcers tram 23 € valer at p < 0.05.
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TABLE 2¢. ESTIMATION OF GD-ACKhE IMCUSATION TIME

FOR VARIOUS ACBE REACTIVATION VALUES'®

m‘ INCURAT ]
PERCENT

REACTIVATION ., ac 7c
10.0 3.4 18.0
2.0 2.6 11.6
2.0 16.4 1.9
0.0 11.9 5.2
s0.0 8.4 3.2
0.8 5.6 1.8
2.0 3.2 0
8.0 1.1

N

& peactivator = 800 44 NI-6; 6D » 11.8 at
% Line Equation: Ye WX +B.

D C X-iY-l.nS
St Xeo(Y-1.048

@ et attataable at 37 C.

i

-4

«0.028
-0.047
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4.9 CONCLUSIONS

The sstimaticm of the &0 45-hr L0, in the population of sheep used
ta this study did asot differ statistically from the 6.6 pg/kg predicted in a
pravious task, and this value was accepted as the LDy, in this study.
Statistical aaalysis of trustmeat efficacy data demcastrated that the 48-hr GD
LDy, of sheep treated with atrcpine alons (7.1 pg/kg) was significantly less
than the 48-hr GD LD,s estimated for sheep tisated with atropine/2-PAM
(12.7 pg/kg) or atreplne/RI-§. There were no statistical differences ia LDy s
of shaep treatsd with atropine/Hi-6 whee using wet/dry autoinjsctors
(15.0 pg/kg), syringes (14.0 ug/%3), cr Atropens and syringas (16.7 pg/kg).
While tha 48-hr GD LDy, estizatod for shaep treatsd with atropine/2-PAN was
rot sigaificantly less (al the 0.65 Yevel) than the LO,s of sheep treated
with atropine/Hi-§ usisg syringes or wat/dry autsinjectors, 1t was marginally
differeat thas the LDy, for shoep treated with atrepiae/MI-§ using Atropens
md syringes. Since atrepimas/il-§ treatasats using varieus delivery
tuchaiquss were net statistically differsat, the data was combined for the
thrue HI-6 weiivery sritews and o 434 8D L0y, of 14.7 3g/ky w23 cstiwalond
fso lil-5 trestad showy, Using this valug, the PR fur atroping/Hi-6 treatseat
was 1.23 with 2 98 percsat confideoce interval of 1.97 ts 2.531.

Amalysts of martality data at 10 hr fellowing fmjoction of GD led to
sisilar results ia that the &D Lik, estimated far sheep treatsd only with
atropice was less thaa for utropine/2-PAN or atrepins/MI-6 trvated sheep.
There were ne simificant diffecunces tn LDy s of sheesp treated with
atropine /M-8 Cus to the uig of differeat tajection techaiquas, and there were
no significant differencas in LDy 3 of atropine/2-PAN treated shaep and
atrepine/li-& trosted shoep. Predictod tizes ta death at 2 X 48-hr GD LDy, of
ustreated sheep (13.2 pg/kg) wera sigaificantly less for sheep treated oaly
with stropine thaa for etropine/2-PAN and atropine/N1-§ treated sheep. Timss
to dsath for atropine/2-PAM and atropine/Hi-6 treated sheep ware not
significantly differeat, slthough predicted times were aumerically larger for

atropine/HI-6 treated sheep.
In the modeling of signs of GD iatoxication, durations of tremors

and convulsions werd positively related te GD dose, with durations increas:.;
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with highar 6D doses. This relationship was statistically significant whea
data from all sheep was modeled and was also significant for duratioca of
convulsions when data oaly from 2-hr survivors was modeled. Analyses of
durations of trsmors and coavulsioas from all sheep revedlod significant
traatmeant group afrects. Mean durations were shortest for HI-6/Atropen and -
longest for the untreated sheep. Though mot statistically sigmificant, this
same reiationship was observed among the group seans whea data were restricted
te 2-hr survivers only. Duratica of sternal recumbency among 48-hr survivors
diy not show any signiffcant relatioaship with either GD dose or treatment
group although 1aferences were lizited due to the reduced sample size.

Mo unusual pathologic findings were motsd. Obsarvations of sheep
for clinical sigas of atropinization during phuucoklmtic studiss yielded no
informaticn of sigaificance.

fased on amalyses of HI-6 and atropine pnruccumtic nnntm.
there ware mo statistically sigaificant differsmcas betwoea the twe tajection
tachsiques. Mwmirically, msan values of the empirical and model-based
estimatas of AUC o, 0nd G were sommdat greater for syringe iajection than
for the wet/dry cuteinjector for beth Hi-§ and atrepines.

Taa 3ging rats of ssecy red blood cell ACKE 1s highly dependant upn
tad CD-ACAZ iaculatiou temperatiry. Undor the comditions used, fifty percest
af sheap RUC ACKE appears teo 290 by 3.2 min at 37 C aud by 8.4 win at 23 C.
Tweaty perceat of CO-ishibited shoep MOC ACME could be reactivatad by HI-§ at
11.6 min whea iacubated at 37 C and at 22.5 min when incubated at 23 C.

L0 SECOM APQEIVES

Of the 104 sheep used 1n Task §9-06, 35 arvived at the MREF on
3/6/90 and the remainder arvived om 4/10/90. LD, e trectmwat officacy
ttudies were conducted betwees 3/14/90 and 6/13/9¢. Mharmacakinetic studies
were conducted betvesa §/23/90 sad 8/15/%0. Records pertaining to the conduct
of these studies are ceatained {a Battelle laderstery record Loocks which are
specific for this task. These record books are clewrly ladeled as to contants
of sach velums., Thasa records and tha final report will be maintained at the
MAEF until acceptance of the final repart by the U.S. Army. AL that time,
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reccrds will be forwarded to the U.S. Army or archived at Battelle. Unused
autoinjectors have been returned to their manufacturer or to USAMRICD.
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Hedical Research and
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Page 1

Determination of the Efficacy ¢ H[-6 aand Atropine
as Oelivered Dy a Wat/Ory Autoinjector or By Syringe
ia the Treatment of Soman [atoxicatios im Sheep

Study performed by Battelle Memorial Institute *
505 King Avenug, Columbus, Chio 43201-2693

Program Manaqer: Garvett S. Dill, D.V.M.

Study Director: Carl T. Olsca, D.V.M., Ph.D.

Veterinarian: Peter L. Jepsen, 0.Y.N.
Statistician: Renald 6. Mentom, Ph.D.

Pathologist: Alles Y. Siager, D.V.N.
Iponsor: U.S. Army kedical Research and Developmast Comsand (USAMROC)

Sponsac Moaitor: MNAJ Jumes R. Stewart, PM.D., U.S. Army Medlcal Rsgared
Instituts of Chamical Oefemse (USAMRICY) ‘

Mjertive: The oxiee Ul-§ given in conjunctien with atropins ippesrs 26

wost effective treatment of pinacolyl methylpbosphanoflioridate
(Soman; GD) {atoxication available. The efficacy of KI-6 against GD has
boen repeatedly demoastrstsd in a variety of amimals, iacluding rodents,
rebhits, dogs, axd asnhuman primates. A major obstacle to tha dcvclopa«t
o¥ NI-§ for wilitary wse is its marked instability im solutiom. Current
U.5. Arey astoinjector systams package all compoments in soluticn. An
affort is wnderwey to develcp a delivery device, a wet/dry autoinjecter,
which will allow packaging of Wl-§ in its stable, crystalline form. Two
conpanies have nsarly compieted development of systams which allow the
packaging of Ul-§ im dry form wmtil just pricr to wse. [n these systesms,
HI-6 13 rapidly solvatad by a solution of atropine sc that within a matier
of saconds the wixtsre of atropine and KI-§ can be injected. Since
sdoguats shelf life (> 3 yr) cam be expected for HI-§ whkile in a dry form,
the use of a wt/dry mtainjector appears absalutely critical to the
seccecsful fielding of this oxime &3 a merve ageat aatidotas.

No in vivo studies have besn reported thatl document the wet/dry
autoinjectaor concept as valid for an emergency aatidote approach for nerve
agent intoxication. Sebstaatial differences exist between the
erperimental administration of previously prepared solutions of atropine
plus HI-6 given by syringe and the oroposed adainistraticn of the drugs
using a wet/dry lutoinjecror. The important potem:ul problems with a
wet/dry autoinjector daiivery include:
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» Any measuradble delay in the adminiscralicn of nerve agent antidote
be:ause of the required solubilization time for HI-6 2y result in
therapestic failure. Tize to treatment becomes critical once signs of
nerve agent intaxication are menifesied.

e An atypical disparsion pattern of the aswixed selution in tissue may
markedly alter the adsarption of the antidotas campcaents. The design of
the autoinjectors is such that the tizsue cispersion pittern of the
injected material caacot be simulated in the laburatory with the use of
syringes. This acypical pattern has heen shows to aiter the

rascokiretic bektvior of atropite when comperad to coavertional
iajection sethods.

o A relatively small deliverable dose of HI-§ wue t3 3 small, fixed volume
capacity of tha autoinjector may be inadecusta. Although tue data base
for RI-& suggests efficacy against G3 iatoxicaticn, viriually all
stadies 2ave been dons fa mall amimals (< 10 kg} at reiatively 1
doses (20-200 mg/kg). As packaged in avail:die autoinjectors, the
of HI-6 to a 70 kg maa ranges from 5.7 to 7.1 @y/kg per injectica. It
is aot cortaia thet Al-6 caa provide isproved survivatility ar roduced
porbidity relstive o e curvenrtily ficided agrve egent antidote reygimes
ates 1t3 uee i3 ommatrrined by formmlotion am/or dostringd
considerations.

The abjectives of this task are to:

o Detarmine efficacy of treatasnt of G {ataxicaticn in sheep with
C atropgine aad HI-§ delivered intramcicularly (IM) by wet/dry sutoimjector
compared 2o delivery by ceaventicsal hypodermic syringe.

» Compere efficacy of stropine/MI-8 deiivered by wat/dry autoinjector to
the offi of stropise plus pralidoxice chloride (2-PAV) delivered by
the %ark [ (MX]) astoinjector ia preveatisg the effects of GD :
istoxicaticn in shesp.

1 9. SZxpe—fuental Desfam: .
A. Test System
{1) Anfmals - Sheep are used for this study because of their kreown
a response to organophosphate (OP) chemical surety materiel (CSM),
and because of similarities with mam in body wetght. Experiments

are conducted in & stage-wise fashion to limit the numbdber of
aninals used to the sirnisum necessary to achieve statistically
valid resuits. Sheep are held for up to 48 hr following exposure,
at which tise survivors are euthanatized dy the injection of hign
concentraticrs of pentobardital sodium. Uliscomfort and injury of
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animals are limited to that which is unaveidable in the conduct of
scientifically valuable research. [f, in the judgement of the
Study Oirector or the Study Veterinaridn, a sheep appears to be 1n
a moribund state and in pain, that animal will be euthanatized.
However, csince animals moribund during the first 24 hr following
0P exposure have heen ohserved 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 biolagical
effects caused by the challenge agent cr test compounds. External
stimuli and manipulation 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 protacols.

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

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

Quarantine - Sheep are examined by a veterinarian upon arrival.
8lood 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 clinical illness
for at least 7 days prior to Juse in a study.

Selection - Animals selected after quarantine are in good physical
condition. Sheep are weighed, and, based on weight, randomly
assigned utilizing a program (AMRAND)} written al Battelle for use
on personal computers, that assures homogeneity across groups. A
maximum of 95 sheep will Le used in this efficacy study.

Animal Identification - All animals are tagged in the ear to
retain positive identification during handiing and observation.

Hcusing - Sheep are group housed in an cutdoor fencad area with
available shelter. Prig-= 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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Lighting - Sheep are group housed in an cutdoor fenced area prior

to experimentatica. when they are moved into experimental 4reas,

fluorescent lighting with a light/dark cycie of 12 hr each per day
is used.

Temperature - M3intained at 70 = 10 F in indoor areas.
Humidity - Maintained at S0 = 10 percent in indcor areas.

Diet - Sheep are fed Purina Rumilat Chow and 2 limited amount of
hay. If neceassary to maintain or increas2 body weight, a higher
energy feed such as a mixture sf cracked corn, alfaifa pellets and
molasses may be Iscally procured and fed. No contaminants that
would interfere with the results of the scudy are known to be
present in the feed.

Water Supply - Water is supplied from the Battelle West Jeffersonr
water system and given ad libitum during gquarantine and ho'ding.
No contaminants that wouid atfect the results of the study are
known to be present in the water. Water is aralvzed for
impurities on an anaual basis.

Battalle’'s Animyl Resourc:s Facilities nave besn registered with
the U.5. Department of Ayricuituere (USDA) as a Resgarch Facility
(Numder 31-21) since August {4, 1567, and ars pericdically
inspected in accordance with the pravisions of the Federal Animal
Welfare Act.. In addition, animals for use in research are
obtained only frum laboratory animal suppliers duly licensed by
the USDA. Batteile'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
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 and
P.L. 91-579).

On January 31, 1978, Battelle's Columbus operations received full
accreditation of 1ts animal care programs and facilities from the
American Association for Accreditation of Laboratory Animal Care
(AAALAC). Battelle's full accreditation status has beea renewed
after every inspection since the original accreditation. The MREF
is a part of the facilities granted full accreditation.
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Test Mdateriai

(1) Treatment Compuunds - Treatment compounds, atropine, and 2-PAM,
contyined in MK] antidote injection systems and atropine and HI-6
contained in wet/dry autoinjectors as well as additional H[-6 are
provided by USAMRICD. Commercially available 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) Chemizal Agents - GD is supplied by USAMRICD. Purity, appropriate
identification (batch numder, iot numuer, state), and stability
data are supplied by USAMRICD. Purity and stability of agents
stored at Battelle are periodically confirmed by Battelle
personnel using analytical chemistry techniques and standards
provided Dy USAMRDC.

{3) Surety, security, and safety procedures for the use of QP 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.

Test Grouss - Experigments are carried cut in two distinct phases. The
first phase ‘s to estimate a 24 hr GD LDy in this population of

sheep. Prigr esperimentaticn in MREF Task 88-38 established the 23 hr
GO LOg, in sheep at approximately 6.5 ug/kg dody weigat. Sheep are
given IM injactions of GD 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 Jeterminai for the dose-response
lethality curve fur GO determired in MREF Task 88-38), an LD is
estimated by a probit mnde’. A statistical hypothesis test 1s then
condu.ted to deternine if the two LDgs are similar. No more than

10 sheep are nsed in this phase. [f after five or more sheep have
been dosed, the estimated LDy, is within the 95 percent confidence
limits of the LD, cbtained in MREF Task 88-38, the LD, estimated in
MREF Task 88-38 15 accepted as the L0, for sheep in this study. The
mean onset time (MOT) of cholinergic signs of OP intoxication in sheep
given GO LDy doses or greater is estimated.

Phase two is accomplished to compare the GD intoxication treatment
efficacies of atropine/H[-6 given by 3 wet/dry autoinjectors,
eGuivalent doses of atropine/H[-6 given by syringe, and atropine/2-PAM
given by J MK] autoinjectors. Treatments are given at the MOT
determined i3 phdase one or at a vime selected by the Study Director
and the USAMRICD technical contact for this study. The dose of
atropine 1s augmented via syringe to provide Q.5 mg of atropine

e
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sulfate equivalents per kilogram of body weight. Experiments are
conducted in a stagewise fasnian, using only a few sheep in each
treatment group per day, to determine the LD for each group. The
LDs and slopes of the dose response curves are compared after each
stage to determine any significant differences in efficacies of
therapy. A maximum of 25 sheep in the atropine/Hl-6 via syringe and
atropine/2-PAM {MKI) treatment groups are used. A maximum of 15 sheep
are uysed in the atropine/HI-6 via wet/dry autoinjectar group. Since
this atropine/HI-6 group LD, will be compared to both the
atropine/HI-6 by syringe LD, and the atropine/2-7AM MKI autoinjector
LO¢,, the power of statistical comparisons is increased by dosing
additional sheep in this group. If significant differences

(a of 0.05) in treatment 2fficacies is determined with fewer sheep,
experimentation will cease at that time, [f after z minimum of 10
sheep in each of the three groups have besn challeagea and treated
there is not a statistical difference in LD, vaiues of atropine/2-PAM
and atropine/HI-§ treated sheep, the USAMRILD Task Area Manager and
Contracting Officer's Representative are coansulted and a coursa of
further action planned.

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 ussd since it would affect the
occurrence of clinical signs ¢f J7 intoxication.

Injection of Challenye and Treatment Materizis - Animals are
restrained in slings at the time of dosing. [Dosing of exempe
concentrations of GD will occur at the face of in appruved hood, with
no more than 2 md injacted at any site in the caudal muscles of the
right thigh and with no more than two injection sites. Treatments are
given in the anterior lateral muscles of the left thigh with a 1 inch
or aore separation of injection sites.

Observations - Sheep are observed for signs of GD {atoxication,
fncluding ouscle fasciculations, tremors, convulsions, excessive
salivation/bronchial secretions, and prostration, as reasible, for

48 hr following GD 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
geri?gi Any signs observed and thi: time of onset are recorded 2s
easidie.

e YRR WIS
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G. Disposai of Experimental Animals - Animals dying on study are
necropsied and gross lesicns recorded. After necrupsy, remains are
incinerated. Sheep still alive at the end of the i8-hr observation
period are euthanatized and cremated. No tissue sample collection is

performed.

Statistical Anproach: Estimates of the GD dose-24 hr lethal .esponse
relations for GO In sheep given atropine/HI-6 via wet/dry aut-injector are
compared with those of sheep given atropine/HI-6 by syringe ¢ atropine/
2-PAM by MK! autoinjector to cetermine if significant differences

(P < 0.05) exist between efficacies of the treatments. Sheep are used in
3 stage-wise design to minimize the 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
likeiihood estimation to predict the relation between probability of
lethality within 24 hr and G dose. Ccaparison of the three treatments is
accomplished by testing for significant differences in estimated LD¢S
and slnpe values obtained for the treatments. Based on these
dose-response fits, estimates of the LD, 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 4re detected with fewer animals than the established maximum,
exzperimentation c@ases at that time,

Tne incidence or recovery from sublethal responses, such as convulsions or
prostration, are statistically ‘analyzed, zs feas.ble, to determine
differences in incidence or severity of eftects in sheep treated
differently.

Records to he Maintaired:

. C3M accountability log and inventory

Preparation of reagents and dosage administration

A

B

€. Animal response data

D. Experimental parameters and test conditicons
E

. Confirmaticn of disposal

Renorts:

A Orafe Final Repgort will be prepared and submitted for review to the
USAMRDC CCOR within A0 working days aftar conpletion of the task. towill
include tne foilowing:

0 4
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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

€. Test material description and preparation
F. Clinical odservaticns

G. Tabulation of response data

K. Statistical methodolagy

I. Discussion

A Final Report that addresses the review comments of USAMRUC will be
prepared and subaitted withir 30 working days of receipt of ccammen’s.

Approval Signatyres:

O....'LT@Q&..

Cari T. Qison, J.V.M., Ph.D.
Study Director

M\W\&

Garrett 5. DhlT,
Program Manager

[ Nestom

Peter L. Jegsdn, U.V.N,

Study Veterinarian

6;25AV\L~£7&/
Ronald G. Menton, Ph.D.
Statistician
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Ceterminat-on of the Efficacy of HI-6 and Atropine as Celivered by a Wet/Dry
Autainjectar or by Syringe in the Treatment of Soman [ntoxication in Sheep

Protocol Amendment No. 1
Change: Page 4, Section 3.A.(8).

Temperature will be maintained at 65 ¢ 15 F in indoor areas.
Reason: Change is made to be consistant with MREF SQP (-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 indcor
areas.

Reason: Change is made to be consistent with MREF SOP C-08-4, April 1983,

Impact on Studv: None.

O}.& T &Qsh. 2-14-Jo

Carl 7. Olson, D.V.M., Ph.D. Late
Study Director

Ao ity i

UTC Oon W. Korte, JRY/ Date
USAMRICD CCR
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[EN

Determination of the Efficacy of HI-6 and Atropine
as Celivered by a Wet/Dry Autoinjector or by Syringe
in the Treatment of Soman Intoxication in Sheep

‘%{%ﬁmtgmﬁ;’ cetxw

Zx;

Protocol Amendment Ko. 2

Change: Page 5, Section 9.C.
*Treatments are given at the MOV determined in phase one or at a time
selected by the Study Director and the USAMRICD technical contact for
this studv.” i3 replaced with *Tres(ment injections are given as
simultaneously as possible at 1 mn after GD injection.®

Reason: Time 2and sethod of injection were requested by MAJ Jaaes R. Stewart,
USAMRICJ.

Impact on S.udy: None.
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Determination of the Efficacy of HI-6 and Atropine
as Delivered by a Wet/Ory Autoinjector or by Syringe
in the Treatment of Soman Intoxication in Sheep

Addendum 1

Afier sheep have been dosed with GD, and 14 treated with atropine and HI-6
using wet/dry autoinjectors, and 10 each treated with 2ither Mark I
autoinjectors or atropine and HI-6 Dy syringe, there is no statistical
difference in the LD,s of GD between treatments, although the estimated LDgs
are more than twice g%at of sheep given no therapy. As described in the
protccol, the USAMRICD Contracting Qfficer's Representative (CCR) and Task
Arza Manager (TAM) were consulted when this occurred. As a result, additicnz}
treatment groups will be used. This may include similar groups given the same
treatments by separate injections of atropine and HI-6 (i.s., not admixed) or
ditferent 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 LDgs. This should help
delineate effectiveness of HI-6 in treatment of GD toxicity in sheep.

Oul N @:».\ 4-19-9

Cart 1. Qlson, D.V.M., Ph.D. Date
Study Director

Lo () /(/":Z"L/ll M 3FR 9

LIC Uon W. Korte, Jr-., Q. Date
USAMRICD COR
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Cetermination of the Efficacy of KI-6 and Atropine
as Delivered by a wet/Dry Autoinjector or by Syringe
in the Treatment of Soman Intoxication in Sheep

This protocol specifies sheep will be held in rocms 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 4 maintenance engineer and adjustments of humidistats
made.

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
excursions vutsida relative humidity specifications stated in
the protocol shoylid have na impact on the vaiidity of the
study.

Qﬁ& Y @ﬁy\.\ I0-1¥-90

Carl T. Qlson, D.V.M., Pn.D. Date
Study Director

‘Q‘, bo. itk ) /§ 0T 90

LTC Don W. Korte, url,/M.5. Date

USAMRICD COR
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Determination of the Efficacy of HI-6 and Atropine
as Delivered by a Wet/Cry Autoinjector or by Syringe
in the Treatment of Soman [ntoxication in Sheep

Protocol Amendment No. 3
Change: Page 5, Section 9.C.

*The first phase is to estimate a 24 hr GD LDy, in this population of
sheep.® is changed to read "The first phase is tc estimate a 43 hr GD
LDy in this population of sheep.®

Paga2 7, Section 10.

*fstimates of the GD dose-24 hr lethal responsa ....... ." is changed to
resd "Estimates of the GD dose-48 hr lethal response ........"

Reason:  Sheep are being held and cbserved for 48 hr, and to be consistent
with statistical analyses performed in previous tasks, it is
advisable to base analyses on 48 hr rather than 24 hr mortality.

Impact 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 LDg values.

Qo..& N @Qs—. \\-2-%o

Car! 1. QOTson, D.V.M., Ph.D. Oate
Study Director

Adéz.til'/f‘:Zf%,l | 2 NouSo

LTC Don W. Korte/ dr. Date
USAMRICD CCR
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Comparizcn of the Pharmacokinetics of HI-6 and Atropine
as Jelivered by & wet/Ory Autoinjector or by Syringe

Study performed by Battelle Memorial Institute
505 King Avenue, Columbus, Chio 43201-25693

Program Manager: Garrett S. Dill, D.V.M.

Study Director: (Carl T. Glsorn, D.V.M., Ph.D.

Veterinarian: Peter L. Jepsen, D.V.M.

Statistician: Ronald G. Menton, Ph.D.

Sponsor: U.S. Army Medical Rzsearch and Development Cosmand (USAMROC)

Sponsor Monitor: MAJ James R. Stewart, Ph.D., U.S. Army Medical Research
Institute of Chemical Defense (USAMRICE)

Cbjecnive: The oxime HI-6 given in conjunction with atrapine appears to
be the most effective treatment of pinacolyl methylphosphencfluoridate
(Sckasn; CD) intoxication awarlable. The efficacy of KI-6 against GD has
been repeatedly demonstrated in & variety of animals, including rodents,
rabbits, dogs, and nonhumsn primates. 4 major obstacle to the development
of HI-6 for military use is its marked instability in solution. Current
U.S. Army autoinjector systems package all components in solution. An
effort is underway to develop a delivery device, a wet/dry autoinjector,
which will allow packaging of HI-o in its stab'e, crystalline form. Two
companies have nearly compieted 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-8 can be injected. Since
adequate shelf life (> 3 yr) can be expected for Hl-§ while in a dry form,
the use of a wet/dry autoinjector appet+s absalutely critical to the
successful fielding of this oxime as a nerve agent antidote.
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No in vivo studies have been reportad that document the wet/dry
autoinjector concept as valid for an emergency antidote approach for nerve
agent intoxication. Substantial differences exist between the
experimental administration of previcusly 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 agant antidote
because of the required solubilization time for HI-6 may resuit in
therapeutic failure. Time to treatment becomes critical once signs of
nerve agent intoxication are manifested.

* An atypica) 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 disparsion 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 mathods.

The major objective of this task 1s to compare the pharmacokinetics of
HI-6 and atrogine when delivered by a wet/dry autoinjector to those when
atropine and H!-6 are delivered by a conventional hypodermic syringz. A
seccnd sbjective is to determine the aging rate of GD in sheep
erythrecytes (RBCs).

Experimental Cesign:

A. Test System

(1) Animals - Sheep are used for this study because of previous
studies on the pharmacokinetics of atropine and Hl-6 in this
species and because of similarities with man in body weight.

Protocols of all experiments using animals are reviewed and
approved Oy 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
from Thomas D. Morris, Inc. (Reistertown, MD) cr another similar,
approved source of research animals. Sheep are shorn, as
necessary, to improve their cumfort in an indoor environment.

(2) Weight - [nitial weight of sheep will be 60-80 kg.
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Quarantine - Sheep are examined Dy a veterinarian upon arrival.
Blood samples are drawn for complete blood counts and fecal

samples are obtained for parasite infestation evaluation. Sheep
are held in isolation and observed for signs of clinical illneass
for at least 7 days prior to use in a study.

Selection - Animals selected after quarantine are in good physical
condition., Sheep are weighed, and,  based on weignht, randomly
assigned utilizing a program (AMRAND) written at Battelle for use
on personai computers that assures homogene‘ty across groups.
Eight sheep will be used in this pharmacokiretic study.

Animat IJentification - All animals are tagged in the ear to
retain positive identification during handling and observation.

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 aj a small group in an animal
holding rocm. At the time of experimentation, they will bae placed
in slings to which they have been acclimated.

Lighting - Sheep are group housed in an outdoor fenced area prior

{0 experimentation. wkhen thev are moved into axperimental areas,

flucrescent lighting with a light/dark cyclie of 1Z hr each per day
i3 used,

Temperature - Maintained a% 70 = 10 degrees F in indoor areas.
Humidity - Maintained at 50 = 10 percent in indoor areas.

Diet - Sheep are fed Puyrina 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.

Water Supply - Water is supplied 7rom the Battelle West Jefferson
water system and given ad libitum during quarantine and holding.
No contaminants that would affect the results of the study are
known to be present in the water. Water is analyzed for
impurities on an annual basis.

Battelle's Animal Resources Facilities have been registared with
the U.S. Department of Agriculture (USDA) as a Research Facility
(Mumber 31-21) since August 14, 1967, and are periodically

inspected in accordance with the provisions of the Federal Animal
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Welfare Act. In addition, animals for use in research are
obtained cnly from laboratory animal suppliers duly licensed by
the USLA. Battelie's most recent statement of assurance regarding
the Department of Health and Human Services (DHHS) policy on
humane cars of laboratory animals was accepted by the Office of
Protection from Research Risks, Mational Institutes of Health on
July 29, 1585. Animals ar Battelle are cared for in accordance
with the guicelines set forih in the "Guide for the Care and Use
of Laporatory Animals® (OHHS Publication No. (NIH) 85-23) and/or
in the regulations and standards as promulgated Dy the
Agricultural Research 5ervice, USDA, pursuant to the Ladboratory
Animal Welfare Act of August 24, 1966 as amended (P.L. 89-544,
P.L 91-579, and P.L. 93-198).
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713} On January 3i, 1978, Battelle's Culumbus operations received full
accreditatica 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 MREF
is a part of the facilities granted full accreditation.

8. Tast Material

[

Yreatment Compouncss - Treatment compounds, atropine and HI-6,
contained in wet/dry autoinjectors as well as additional H[-6 and

y atropine in the forms present in autoinjectors are provided by

: USAMRILD. Sufficient numbers cf the wet/dry injection system from the
same lot are provided so that sheep can be injected (o perform
pharmacokinetic experiments.
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Test Groups

Sheep are given atrogine/Hl-6 IM with either three wet/dry
autoinjectors or equivalent amounts with a3 conventional syringe.
Oosages delivered by syringe will be in the same 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 originaliy. On
each day of experimentation, an equal number of sheep wil? 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, 1g,
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.
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Statistical Approach:
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Sheep will be observed for signs of atropinization, including
pupillary size and response to light, ambulation whea removed from
$1ings, and changes from preinjection heart rate at approximately
20 min after injection.

8lood samples are analyzed for atropine and HI-6 concertrations. HI-6
concentraticns are ueasured by 3attelie using high performance liquid
chromatography {HPLL) analysas and a standard HI<E curve prepared from
known concentrations. Atropine analysts are conducted at Battelle
using radicimmunoassay techniques.

When atrogine and HI-6 analyses are completed, blood concentrations as
a function of time, maximum concentraticns, times to maximum
concentrations, are3 under the bDlcod concestration-time curves,
absorption and elimination rate constants, and volumes of distribution
are estimated. Statistical analyses, as described in Secticn 9, are
performed to determine if any significant differences exist between
values as a function of the injection system.

Study Preparations

Animals are held in a pen and acclimated to a sling at the MREF prior
to use. FEach sheep is weighed within 24 hr of intended use.

Estimation of GD Aging Ratez in Sheep RB(s

Estimation of the GD aging rate in sheep erythrocytes will be
accomplished in vitro. Sheep RBCs will be incubated with a ¢.lution
of GO for various lengths of time and the ability of HI-6 to
reactivate acetylcholinesterase (AChE) will be measured using an
automated analysis as described in MREF S0P-88-46. R8Cs from
approximately 10 sheep will be analyzed to determine varability in
aging rate.

Pharmacokinetic parameters measured for atropine/HI-6 administered by the
wet/dry autoinjector system are compared to those cbtained for
atropine/Hl-6 administered by syringe to determine any significant

(P < 0.0S) differences, Responses will be ana'yred using two-way
crossover design analysis of variance techniques or t-tests.

Records to be Maintained:

A,
8.

Analyses of atropine and HI-6 in injection systems §

Analyses of atropine and H[-§ in blood
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£. Experimental uarameters, test conditions, and observations for signs
of atropinzation

0. Parameters and results of 46D aging experiments

(e
-
.

Reports:

Bl bed bJ

A dratt final reporc «ill be prepared and submitted for review to the
SAMROC COR within 60 working days after receipt of all analytical
results. It will include the following:

(=

A. Experimental dasign

Animal supplier

E‘»’;«T: S
o3

C. Pharmacokinetic and statistical methodology

0. Discussion of results.

XREET

A final report that addresses the review comments of USAMROC will be
prepared and submitted within J0 working days of receipt of comments.
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Protoccol Amendment No. !

Change: Page 4, Section 8.C.

totai volume of agproximately 3.15 al.

(= 3.85) HI-6.

MREF Pro*tocol 54
Medicz! Research and
Evaluation Facility
November 20, 1989
Page 8

Comparison of the Pharmacckinetics of HI-§ and Atropine as
Uelivered by a wet/Ury Autsinjector or Dy Syringe

Concentration of atropine free base will be approximately 0.59 mg/mi
and concentraticn of HI-6 will be approximately 145.94 mg/mL in a

Reason: U.3. Army Institute of Chemical Defense has analyzed Astra Wet/Ory
autoinjector contents and reported a volume delivered of 3.15 mb
{¢ 0.11) with 1.86 mg (2 0.07) atropine free base and 459.7 mg

Impact on Study: There 15 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.

Study Director
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CarT 7. Olson, G.4.4., Pr.0. fat2

L1C Con W. Korte, 47., Ph.0., 0.A.3.7. Uate
USAMRICD COR
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MREF Protocol 54
Medical Research and
Evaluation Facility
March 14, 1990

Ccmparison of the Pharmacokinetics of HI-8 and Atropine as Delivered by a
wet/Ory Autcinjector or by Syringe

T T

Protocol Amendment Mo. 2

Change: Page 4, Section 8.A.(8).

] “’n“én :i ﬁi N

Temperature will be maintained at 65 2 15 F in indoor areas.

Reason: Change is made to be consistent with MREF SOP C-08-4, April 1989.

tmpact on Study: None.

Change: Page 4, Section 8.A.(9).

Relative humidity will be maintained at 50 z 20 perceat in indoor
areas.

Reason: Change is made to he consistent with MREF SOP C-03-4, April 1989.

Impact or Study: None.

( ?:g \ é%“a : 3-14-50
arl 1. Olson, 0.V.M., Ph.D. Qate

Study Director

,(Q. cu. bl /l, /G naAw 20

LTC Jon W. Korte, ¢R. Date
USAMRICD COR
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Protccal Amendment No. 2

Change:

Reason:

[zpact on Study: #one,

™
{ ¢
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MREF Protocnl 54
Medical Resea.sch ard
Evaluation Facility
June 11, 1990

Comparison of the Pharmacokinetics of HI-C and Atropine
as Delivered by 2 wWet/Dry Autoinjector or by Syringe

Page 5, Section 8.0.

“Each Sheep is weiyhed within 25 hr of intended use.® is replaced
with "Sheep wiil be randomized for treatment such that body weight
will not bias the data.”

Keighing sheep imnediately orior tc each study is unnecessary since
each anwmal will be given both treatments in a cross-over design.
Injectiens will he given in a random fashion as designed by a
stavistician in arder 20 nreclude effects of day of injection on
sharmacokinetic paramegare.

'

CarV 7. Clson, 0.¢.4.PRDS Date
Study Diresztor

o ¢g/,,¢ﬁi:€ifz'§ //éJ‘,_J 70

‘l

i) 4

'Ql - VRV, 1§ 5 s e QLQ

o — -
L]

LTC Don W. Korte, JRC;f Date’
USAMRICD COR
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MREF Protocol 54

Repert of Study Deviation
Medical Research and
Evaluation Facility
Qctoter 18, 1950

Page 19

Comparison of the Pharmacokinetics of HI-6 and Atropine
as Nelivered by a wet/Dry Autoinjector or by Syringe

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. C(onditions in animal rooms are recorded twice
¢aily using a hand-held combination thermcmeter/hygrometer to
obtain temperature and relative humidity readings. The relative
humidity recorded in rcoms in which sheep were heid during the
pharmacokinetics phase of the experiment ranged as high as
81 perveat. [ -cursions above the relative humidity range ,
specified in the protccol were reported tc a maintenance enqinear
and adjustments of humidistats made.

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
excursions outside relative humidity specifications stated
in the protocol should have no impact on the validity of the
scudy.

: S% i @«Q‘a-h 10=1p -9
arl T. QTson, 0.V.M., Pn.D. ate

Study Directo:r
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Report of Study Oeviation
Medical Research and
Evaluation Facilit,
November 2, 199C

Page 11

RS

Comparison of the Pharmacokinetics of HI-86 and Atropine
as Delivered by a wWet/Ory Autoinjector c¢r by Syringe

Deviation: Protccol Amendement No. 1 specified concentrations of atropine and
HI-6 in solution to deliver desired doses to sheep in
pharmacokinetic studiaes. ©°rior to the start of pharmmacokinetic
studies, an error in the “iformation was detected. The atropine
dose of 1,86 mg is &n atropine sulfate equivalent dose rather than
an atropine free base dose. The 460 mg dose of HI-§ is correct,
but the volume of injectica should be 3.05 rather than 3.15 mL.

impact on Study: Because changes were made prior to the start of the
pharmacokinetic study, the solutions prepared should mimic
the doses Calivered by wet/dry autoinjectors and allow for
direct comparison ov the different injection technigques.

’\
588, -4
Caz] T. 0TScn, J.V.M, en.o. ate

Study Oirector '

(ﬂ /"L 2. Nou 90
LTC flon H Korte, J(J M.S. pate
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Standard Cperating Procedure (SCP)

THE DETERMINATION OF SERUM ATROPINE SULFATE
CCHCENTRATIONS BY RADIOIMMUMOASSAY (RIA)
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I/11. SCOPE/PURPOSE:

‘he purpose of this Standard Operating Procedure (SQP) is to describe a
radioimmunoassay method employed in the detarminatiaon of serum atropine

sulfate concentraticns.

I11. REFERENCES:

1. Yuvrzburger, R. J., Niller, R L.;‘Boxenbaum, H. G., and §. Spector.
1977. Radioimmunoassay of Atropine In Plasma. J Pharmacol Exp

Thorap 203: 435.

2. Kradjan, W. A., Smallridge, R. C., Davfs, R., and P. Verma. 1985,
Azropine Serum Concentrations After Multiple I[nhaled Doses of
Airopine Sulfate. Clin Pharmacol Therap 38: 12.

IV. DEFINITIONS: None

V. PROCEDURES:
Preliminary Tasks
A. Preparation 2f Phosphate Buffered Salina (PBS), pH 7.5

1. Combine the following componeuts to prepare 1 liter PSS {10 oM
Ma,HPC,, 150 mM NaCl), pH 7.5:

\ Na,HPO, K 1.420 grams
k Na&l 8.766 grams
\ distilled"water  980.0 sl

2. Adjust the pH to 7.5 with 0.1 N HC!. Bring the volume to
1000 ml with distilled water. . .

3. Store PBS at 1-9°C. 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 saturates
ammonium sulfate:

(NH,),S 257.6 grams
d\St\ﬁled water £00.0 al
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2. Do not adjust pH. Store at 1-9°C. This reagent is stable for
a period of one month from date of preparation. Prepare at
least 23 hours prior to use.

C. Preparation of 50 percent Saiurated Ammonium Sulfate

1. Combined the following reagents to prepare 500 ml of 30 percent
saturated ammenium sulfate:

(4H,),50, 128.8 grams
distilled water  500.0 !

Do not adjust pM. ‘Store at 1-9*C. This reagent is stable for
a period of one month from the datea of preparation. Prepare at

jezst 24 kours prior to use.

(8]

0. Preparation of *H-Atrapine Stozk Solution

1. JH-Atropine is prepares in P8S, pH 7.5 at a concentration of
approximately 4000 CPM/20 xl. This material is aliquoted and
stored at -70 (2 5)°C. The labeied atropine iy stable for a

period of one year.

2. Thaw a fresh aliquot daily. DOispose of the leftover material
3t the conclusicn 2¢ the experiment zccording to 2attelle S0P

for disposal ef radivactive meteriais.
E. Preparaticn of Primery Atropine Stock Solution

1. Prepare a 1.0 mg/ml solution of atropiez sulfate in PBS,
pH 7.5. Weigh a minimum of 10.0 mg at-opine sulfate. Mix
thoroughly and aliquot. Store at -70 (s §)°C. The material is
stable for a pericd of one year from the date of preparaticn.

F. Prep?ration of Rabbit Anti-Atropine Antisera Stock

1. The correct concentration of rabbit anti-atropine antiserz »ill
be detertnned in preliminary testing. The stock antisera is
stored as 30 sl aliquots at -70 (z 5)*C., Dilute the antisarz
to the proper concentration in PSS, pH 7.5. Prepare the
diluted antibody fresh daily. Leftover material way be fro=en
and used for repeat analyses performed within a period of Five.
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 (= 3)°C. The frozen stock is stable for a paried
of one year.

Aliquot(s) of ncrmal serum are thawed freshly on the assay day.
The serum is used undiluted in the assay. Unused material may
be frczen and usad on a subsequent test day.

Test Samples

1.

Test samples are stored at - 70 (¢ 5)°C.

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 solution
as follows:

a) Combine 10 ul Przmary Atropine Stock + 950 sl P8S
{Dilution af

b) Combine 10 4l Dilution a + 990 41 PBS (Dilution b)

c) Combine 250 g1 Dilution b + 750 pl PBS (Stock A)

d) Combine 10 #i-Dilution b + 990 41 P8s (Stock B)

Dispose cf the left0ver Primary Atropine Stock as well as
leftover atropine Stocks A and B and Dilutions a and b at 2he
conclusion of the RIA set up.

Prepare Stock C by combining 1.0 ml Stock A with 1.5 ml ¢f
normal serum derived from the same species as the sera under
analyses. The volumes may be modified proportionately in crder
to produce the correct volumes for larger or smaller
experiments. Dispose of the unused material at the end ¢f the

day.

Prepare Stock D by combining 200 sl Stock A with 2.3 ml mzrmal
sera derived from the same species as the sera under anc’yses.
The volumes may be modified proportionately in order to sr=pare
the correct volumes for larger or smaller experiments. Cisoose
of the unused material at the end of the test day.

—
The RIA procedure is set up as described on the attached <zra

\  entitled “"Atropine Sulfate Radioimmunoassay Tube Setup".
Reagents are aliquoted to ]2 x 75 mm polystyrene RIA tubas in
order from left to right as indicated in this form.

/
6. Upon adding all reagents, vortex each tube 5-10 seconds.

"~ —

7. Incubate the tubes 20 (s 1) hours at 1-9°C.
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Prepare the total counts control by adding 20 41 ‘H-atrcpine 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.

5.
6.

Add 0.5 ml 10C percent saturated ammonium sylfate to each RIA
tube. vVortex for 5-10 seconds. Incubate for 30 minutes at
1-9°C. Centrifuge at approximately 2800 RPM (1530 x g) for
30 minutes at rocom *emperature (RY{. Carefully aespirate the
sucernate with a pasteur pipet and transfer the liquid to a
container for radiocactive liquid waste.

Add 1.0 ml 50 percent saturated ammonium sulfate to each tube.
Vortex for 5-10 seconds. Centrifuge at appruximately 280C RPM
{1550 x g) for 30 minutes &% RT. Aspirale zhe supernate with a
pasteur pinet and transfer to a container for radicactive

liquid waste.

Add 1.0 =l distilled water to each tube ¢o dissolve the pellet.
Yortex for 5-10 seconds.

Transfer the contents of each RIA tube to a separate
scintillation vial by carefully pouring. Rinse the RIA tubes
with 2.0 ol hydrofluor and transier the fluid to the respsctive

eig).
Adéd 8.0 al Hydrofluor to each scintillation vial and aix.

Count the vials for 10 minutes or to 3 preset error of
2.0 percant on a liquid scintiilation counter.

Data Analysic -

vI.

! 1. Data analysis is performed using RiaCalc OM, Version 2.63
: {¢harmacia Hallacg. Data is reported as ng/ml.
QUALITY CONTROL

1. All equipment and instruments wili be operated, calibrated, anc
maintained according to their respective SOPs.

2. The study director or his designee will review all raw data,
completed data forms and cther pertinent study records.
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The form entitled *Atropine Sulfate Radicimmunoassay Tube Setup”
details the contents of each standard, control, and sample tube and
will be employed daily during assay sat up to insure correct
distribution of reagents.

The form entitled “Record For Instruments, Equipment, Reagents lised
For Radicimmuncassay” will be used to document all reagents and
aquipment used in an assay.

The form entitled "Atropine Sulfate KIA Run List” will be utilized
to record the identification and assay sequence for controls and
samples for an assay.

Preparation of buffers and cther reagents will be recorded on the
attached form entitled "Buffer/Reagent Preparation®.

A series of low, medium, and high controls are included in each
exneriment to assess the quality of each experiment. Control data
will be tabulated for each run and will be reviewed by the study
director.

Additional control parameters such as R/T, 8/T, the slope and
intercept of the regression curve and other parameters are computed
by RiaCalc OM. These will be tabulated for each experiment and
reviewed by the study director.
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BUFFER/REAGENT PREPARATION

Study:
Project: Date:_
Buffer/Reagent:
Buffer Storage Conditions: Buffer Expir. Date:
Constituents:
Receipt Expiration Amount
Reagent Supplier Lot Date Date Used
Balance: Description:
8CY ID: Location:
Standard weights: 8CD 10:
Determination No. Actual we, Ht, Read

1 . .

2 \ P ———— —————

3 ) - T———— A —————

‘ ————————— ——————
pH Adjustment (Reagent and Volume):
pH Meter: B8CD ID: Final pH:

—

Comments:
Prepared By: Date:
Reviewed 8y: Qate:
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ATROPINE SULFATE RADIOIMMUNOASSAY TUBE SETL?

B

S
A ¢

Ld L g

STUDY CONTRIL Ne #ACIECT Nau:
DATE: o RWYo _ - PAGENe:__ . o
Tere | Coez Stang2 Suupie Sufler | Nommal | Aandody | IF.auvpue . »
wNo. | ‘ ! ) I I Serum I Sulskmie !
Siandasd Corme ) ] | | 1
] T Tuee | Nene | o= {0 o
S T Tese Noae } i | | ol : 4
T NS3 | Noce | | 430uL| $6L i 20l | & 3
PR NS3 | Nene | | $30uk | SOuL I 0l ! b 9
EE Opei Neee | | 330ul, S0uL| 100uL | 20l e
s 071! Nore | 350wl | S0ul | 100Gl ! T
S a— Grpl Nort | 50uL | S0uL| I0QuL | D | £y
| S 025! Neee | J 330ul | soul 100 oL | oL
3 | ol fel Sieex 3 | | 30Sel| 0ol | 100uL | el !
16 | ! ful Sieex 3 | 05ul | SO0l | 100wl | 20l |
o 0p¢! f0ul Sicex 3 | 30ul | S0l | 100l | 0uL
= S2¢t fdul Siock 3 | %0ul | SOuL | 100GL ! i
TER 78731 Sl Sweex 3 | 25l | SOuL | 100wl ! R
1z | TSpei %l Stcex 3 | 3Sol | SO0ul | 100.L! 9l |
L 120 73 . 100 ul Steex 3 | ] Z0ul| SOuL) 100uL, 0l
15 100 3¢+ (00 oL Stk 3 | 20ul | SOl 120 ol : bl TR
1} 1505l 1Fdwl Siock 3 | | 1506l s0al| 100l 0l |
18 | 13¥7¢t 150 ui Swoex 3 | 180ul | SOul | 10Gul | el
19 | IM07;g; 10l Stock A | 5200l | SOuL | 100wk al |
D} Mpp. 0ul Swex Al ] 30wl | S0al| 100wl 20el
21| f00;g) Z0ui Scock A | 30l | $0uL| 10OWL | LI
= | f00pg| MWalltockA | JI0ul | $0oL| 100l 0al
3 | S0pg| :0al Stock A | WOl | $0al | 100l | 203l
2t | 7f0pg) 0l Sk A | © ] 00ul| $0eL ) 100ul | 0=l
2 | 1000pg| alSiockA| . . | 290ul| $0al| 100cL | 0ai
5 | 1000;y!| 40alSockA| - . --| 290al | SOul| 109ul| 0ol
Crabre Caczrol e s T ;
X | 100pg| alSwcxD| - 330ak | .~ | 100ul | 0L
22 | 1007y | <0al Siock D BOWL | - - | 100uL | 20 ui
29 | f0pgt Sl Sox C 330ul | 28al | 100WL | 20 3L
00 0ret IfuL Sweex C | 3506l | 2fun| l0OOGL | 0|
3t f00zgt 0l Stk C ) Io330ul | . 100 ok, | 0| ,
331 07| ‘0ul Swoex C | [ 5504L ) | 1L | no t 1
| Sumoles (Azvrwe ug Lust | SQul | oWl ) 100 ul. | 23l
| Sunotes (Agcowe Run Lsti | $Qul | 330 ul | 100 ul. | Ol ! :
Techmaaa Signaure: Daw:
Reviewed 3y Oum: e '
*
d
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Atropine Sulfate RIA Run List

’ (Radioimmuncassay Laboratery)
- Sauelic. 303 Kiag Avenve. Columbus OH <5201 e
- e Rua Ne. P2ze No. ¥
iwdv Commai No: Project No.
J Tote | SamsieDoerCace " Draw | Draw Concgmration | Cemman:
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RECCRD FOR INSTRUMENTS., EQUIPMENT, REAGENTS
USED FOR RADIOINMMUNOASSAY

fraect Agsay: Project No.
i ~{ SC No.
H LIST OF INSTRUVMENTS/ EQUIPMENT USED l
! SN 9 lasmumeny Equoment Model ! Banelle 1D Locszen ﬂ
1| Gimma Courer ' ] ‘
2 ,i Scaullazea Counter H

3 { Water Jud (Teme )

Hezeog 3locxe Doy
{338 (Tema)

s | loczbdarer (Temp))

[ i Asperxer (Temo)

’

l Freezer (Uemz)
s |
Oz leipacen Tise : Ia Time:

i Qut Time:

z
j
|
|
|
|
|
|
|

[

UST CF CHEDMICALS, SOLVENTS. AND REAGENTS USED

Nime 1 Cir. # | Lot No. Z= Due

I 3

\
£

~e

Tecamaan Signamce: | Daw: '

Reviewed Hv- , Dare:
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STANDARD OPERATING PROCEJURE
MREF S0P-88-31

TITLE: Measyrement of Chemical Suretvy Materiel in Oilute Solutions of GA,
G3, GJ, TGO, KO-L, HD, L, ang VX

LASORATORY: MREF SOP APPROVAL DATE: February 28, 1390

PLACE OF OPERATION OR TEST: Sampnles throughout MREF: Analyses in Room 17 or
Room 3/

This Standard Cperating Procedure (SOP) has been prepared as prescribed by
Contract DAMD17-89-C-5030 and will be effective for one year {rom date of
approval unless socner rescinded or supersaded.

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 S0P
have been properly trained and instructed in its provisions and attest to this
requirement by affixing their signatures nn page 3.

A copy of this SOP will be posted at the Medical Research and Evaluaticn
Facility (MREF) job site at all times.

Submitted By: f.,;/;g /%3, 2 /22’/;5

Aigrature/Date

Timothy L. Haves Principal Research Scientist

Printed Name/Title

Approved By:
igndture/vate

Garrett S. Dill, D.V.M,, Manager
Printed Name/Title

Approved By: [{//&_»‘z ‘ /32 f20

N Signature/Dafe

David L. Stitcher CIH, Safety/Suraty Officer
Printed Name/Title
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Qs ¥

Charles X. Burdick, Directo.
Total Quality Program
Health and Znvironmental Group
“Printed Name/Title

Signature/Qate
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STANDARD CPERATING PROCEDURE 88-31

Measurement of Chemical Surety Material in Dilute Solutions
¢f GA, GB, GD, TGD, HO-L, KD, L, and VX

PR FL AR T A T

A. Statement of Work: This SOP describes analytical methods for the analvses
of ailute scluthons of chemical surety materiel (CSM) to includc dose
confirmation samples and dosing stock solutions generated at the MREF.
These measurements are performed by comparing the aralytical 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-85-30.

The determination of CSM concentration in the diluted samples is performed
on a reguiar 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. Responsibifity:
1. Perscnnel Gualifications: Technical staff will be current with the

requiremants ot the MRLF and all applicabie MREF SOPs. All technical
staff wiil be familiar with handling hazardous materials within the
MREF laboratory. The technical staff must have a fitted SurvivAir
respirator ia accordance with FSSP SQP-MREF-9. 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 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 CSM that do not exceed XCSM criteria must read and sign

this SQOP.

2. Lleaders: Leaders of each operation will be designated by the Study
Oirector for that operation. Each leader will insure that the
following are observed:

a. Only authorized personnel meeting requirements set forth in
Section 8.1 are allowed in the racm during XCSM operations.

b. XCSM control and accountability are maintained.

¥
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€. Adequate, approved, protective equipment is available at all times
to personnel at their work site.

e, B T R N
YT N 50
ARSI N

d. Ai] leader and technical staff responsibilities specified in the
MREF FSSP are followed.

e. Each ehuloyee 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 XCSM.

J. A1l 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
invoived in the operation.

3. Technical Staff: Technical staff will be responsible for ahiding by
requirements set forth in Section B.2. In addition, they mus: use
personal, protective equipment provided and develop safe work habits
to protect themselves afd fellow workers from injury and to prevent
damage to material, equipment, and facilities. They must not perform
XC3M operations without the presence of a qualified second person.

4. Research Orqanization: The organization involved in this research is
the MREF of Battelle Memorial Institute, 505 King Avenue, Coiumbus,
Chio 43201-2693.

C. Materials to be Used:

1. XCSM: XCSM is also referred to as research, development, test, and
evaluat on (ROTE) dilute solutions of CSM. The XCSM solutions that
can be (sed following this SOP are those prepared from the following
CSM.

a. Tabun (CAS 77-81-6): GA, ethyl N, N-
dimethylphosphoramidecyanidate.

Revised February 19, 1990 -
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b. Sarin {CAS 107-33-3 or 50642-23-3): GB, isopropyl!
methylphosphonofluoridate.

c. Soman {CAS 96-64-0 or 50642-2%-3): GD, pinacolyl
methylphasphonofluoridate.

d. VX {CAS 50732-69-9 or 51848-37-6 or 53800-40-1 or 70938-84-0):
VX, O-ethyl S-(2-dvisopropylaminoethyl)methylphosphonothiclate.

e. Mustard {CAS 3505-60-2 or 39472-40-7 or 68157-62-0): HD,
bis-dichloroethyl sulfide.

f. Mustard-lewisite 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 ot solvent recommended is spectrometric grade, distilled in
glass.

3. Oecontamination Materials: Sodium hypochlorite (5 percent solution)
for XHD, XL, XHOL, and XVX. Sodium hydroxide (10 percent solution)
for G agents.

Eyuipment: Safety squipped cart, freezer (locked), refrigerator (locked),
Tatex gloves, labels, first aid kit, plastic-backed, absorbent paper,
brown paper, 4-L deakers, 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,
syringes, needles, forceps, GC vials, drierite, 20-mL scintillation vials,
an air-supplied respirator with air cylincer, 10-mt. volumetric flasks, and
a vial support block.

Hazards Involved:

1. Anticholinesterase: The hazard from XVX is primarily that of liquid
Injection, ingestion, or abscrption through the skin or eyes. XVX can
te 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 sclvent) may persist as a liquid
contact hazard for several days.

a. Mechanism of Action and Physiological Effects: These XCSM cause
inhibiticn of cholinesterase enzyme in the body. Repeated low
level exposures to these XCSM will have cumulative effects on

ed g GE Ea
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cholinesterase inhibition. B8lood cholinasterase is regenerated
slowly and the inhibition effect will last several weeks.
Clinical signs and symptoms may sudcenly occur following repeated
exposures, but is unpredictable in time of onset and severity.

Casualty Producing Routes of Entry: [nadvertent skin contact with
these XCSM is the most common cause of laboratory
accidents/incidents. The XCSM absorption rate will likeiy 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 other
than these extreme exposures, no symptoms are likely to be
exhibited. However, under these extreme conditions if the
exposure is sufficient, symptoms may progress beyond the local
reaction to preduce systemic poisoning. The following signs and
symptoms are typical of systemic poisoning; the number and
severity of which will depend upon degree of exposure:

(1) Nausea--possible vomiting.

(27 Oiarrhea.

{(3) Weakness.

(4) Muscle twitching.

(5) Convulsions.

(6) Central nervous system depression.

(7) Coma.

(8) Cessation of breathing.

Exposure Factors: Onset of signs and symptome 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.

Solvents: The solvents used in preparing the dilute material may have
hazards associated with their use. A copy of the Material Safety Data

’)
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s Sheet (MSDS) is available in tiie administrative area of the MREF or

thrcugh 3attelle's Safety Ofiice, 505 King Ave.

. Hexane: Hexane is a flammaple liquid that must be handled and
g§ stored as a solvent with a dangerous fire risk. The flash point
of hexare is -22.7 C, with an autoignition temperature of 260 C.
The 1388-1989 American Conference of Governmental [ndustrial
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 TLY is 500 ppm as an 8-hr TWA
and 1,000 ppm as a 15-min Short Term Exposure Limit (STEL).

e e e S
- E‘;:L\;;i

Z; b. Acetonitrile: Acetonitrile is a flammable liquid that must be
handled as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. Tha 1988-1989 ACGIH TLV for
acetonitrile is 40 pom a5 an 8-hr TWA and 60 ppm as a 15-min STEL.
Also, skin contact may represent a significant route of exposure.

3. ODecontamination solutions can cause chemical burns if sodium hydroxide
or scdium 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. Safaty Pequirements:

1. Hocds: Heod face velocity must average 100 4L 10 Tfpm. The average is
computed from individual readings taken in approximately each square
foot of hood face (usually nine readings). In addition, no individual
reading wiil vary more than 20 percent from the average. No equipment
will be within 20 cm of the face of the hood.

2. Protective Equipment: 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 eyewear

In addition, each worker's individually assigned Survivair combination

escape/airline-supplied respirator will be readily available. All
provisions of the MREF FSSM apply to the checking and testing of

fi gloves, aprons, respiratars, and other protective equipment.

-y
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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 locatinn of
the nearest eye-wash fountain, deluge shower, and fire extinguisher
will be known to all workers before work begins.

G. Procedures:

1.

Revised

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, 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.

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 XCSM will contain, as a
minimum, the appropriate decontaminating solutions, waste containers,
furceps, plastic-backed paper, absorbent tissues, primary container
holder, and XCSM transfer equipment. All of the above materials will
be kept behind the 8-inch line in the hoed.

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 beakars 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.

Handling of XCSM: The handling of XCSM is conducted in accordance
with MREF S0P-83-5. The procedures used within this SOP are described
in MREF SOP-83-5 and shall include the 1-' <ling (Section G.3),
obtaining (Section G.4), equilibration (seution G.5), transfer
(Section G.6), dilution (Section G.7), ¢ wnaport (Section G.8),
packaging (Section G.9), transfer for use within the MREF (Section
G.10), and securing of XCSM (Section h).

Identification of CSM: All XCSM samples generated must be clearly
1dentified with the following information being regarded as the
minimum requirements,

February 19, 1990
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)
a. Type of X{SM contained in the sample. .
b. Solvent used for CSM dilution.
¢. 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 hased on measured agent purity and
dilution procedure.

f. Project or task number under which the sample was prepared.

S. Sample Preparation and Storage: Preparation ¢f samples must be
performed using voiumetric glassware, pipettas, and/or microsyringes
as required to achieve a resulting ccncentration below agent surety
levels (1.0 mg/mL for VX, 2.0 mg/mL for GA, GB and GD, and 10.0 mg/mL
for HD). Preparation and handling of dilute samples is performed in
accordance with the operational dosing protocol and/or MREF S0P-83-3.
An examxple of the caiculations to determine XCSM concentration cf
samples prepared in accordance with MREF SCP-83-3 is provided kelow.

Example Calcuiations:

a. Tu determine appropriate dilution procedure, cengider the required
volume of CSM to be delivered and the final volume of the diluent
necessary to achieve a resulting expected concentration not
greater than the permissable XC3M concentration, see Section G.4.
For example, if 10 zL of neat VX is dosed, confirmation of dosing
accuracy and syringe precision and accuracy would require
deiivering the same volume of agent into appropriate volumetric
glassware. To determine the approoriate dilutivn volume, multiply
the volume of the CSM to be delivered, in gL, by the density
(d = 1.0083 mg/uL at 20 C) of CSM in mg/sl and multiply the
sultiple by the purity of the CSM used for dilution. The result
of this mathematical step is then divided by the target
concentration or the maxiwum XCSM concentration, for VX the value
would be 1.0 mg/ml. The following calculation would hold true for
this example if the working VX purity is 35 percent:

(10.0-sL neat vVX) (1.0083 mg/ul density of VX)] = 10.083-mg VX
(10.083-mg vX)(0.95)] = 9.58-mg VX
9.58-mg VX/10 mtL] = .958 mg/mL dilute concentration

Therefore, a volumetric flask of 10 mL or greater would be

appropriate for this dilution, Y e
_ werld
Revised February 19, 1990 ;;:, 32 -

.
vV ovma ™ol




P

b i) Racd Bl

bad bd

L

Revised Fehruary 19, 1990

MREF

$CP-88-31
March 11, 1988
Page 11

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 freezer.

Standard Preparation: [nstrument 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 concentraticn 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 limits required by sample
submitter. The standards will be prepared in the same solvent as the
samples ualess stability problems in sample preparation solvent have
been determined. The recommendad 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.

Instrument Set-Up:

a. The GC must be operated with parameters that will yield the best
guantitative 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 smust be selected by the chemist doing the
analyses.

{1} <olumn - Sevaral amalytical 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 @ x 0.25-cm [.D. SE-54 with .3-pm film
thickness
Carrier Gas: Helium
Velocity : 30 L 5 cm/sec for Heljum
Make-up Gas: 30 L S ml/min
Detector : Flame lonization Detector (FID)
Oetector Gases: Hy = 400 ml/min L 10 ml/min
Air = 40 al/min L § mL/min
Injector Ter: rature: 275 L 10 C

-
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Detector Temperatura:
Oven Program:

Injection Moda:
Split Flow:
Split Liner Packing:

Injection Volusa:
Auto Sampler:
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250 L 10¢C
Initial temperature = &0 C
[nitial 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
Split
120 L 10 ml/min
3 percent QY-1 on 80/100 mesh Chromosorb WHP
(2-3 mm bed)
1 st
Hewlett Packard 7673A or equivalent with cooled
sample tray maintained at $-7 C.

Analysis of Samples of GD in 0.9 percent Biological Saline:

Column:

Carrier Gas:
Velocity :
Make-up Gas:
Detector :
Detector Gases:

Injector Vesmperature:

Detector Temperature:
Oven Program:

25 @ x 0.32-mm [.0. HP-20 M with .3-za film
thickness or equivalent

Helium

30 L 5 cm/sec for Helium

30 L 5 ml/min
FPD with 525-nm phosphorous salective filter

Ho = 135 mt/@in L 10 at/min
ATr = 120 ml/win L 5 nl/min
0, = 15 mL/ain L 2 m./min .
zgo L 5 C (Yery important for satisfactory
precision and 2ccuracy of results.)
25 L 5 ¢C
Initial temperature = 50 C
Initial time « 0.5 min
Level 1 program rate = 20 C/min
Final temperature = 200 C
Final time » 1.0 min
Post vaiue = 215 C
Post time = 2.0 min

- Analysis of Samples of GA in Multisol:

-

Column:

Carrier Gas:
Velocity :
Make-up Gas:
Detector :
Detector Gases:

Revised February 19, 1990

25 @ x 0.32-mm [.0. HP-20M with .3-um film
thickness or equivalent

Helium

30 L 5 cm/sec for Helium

JOL S mi/min

FPD with 525-nm phosphorous selective filter
Hz = 135 mL/win L 10 mL/min

ATr = 120 mL/min L 5 al/min Ay
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R
= 15 al/min L 2 mL/mxn 3]
Injector Temperature: 130 L § C (very important for satisfactory :

pracision and accuracy of results.)
25L5¢C
Initial temperature = 80 C
[nitial time = 0.5 min
Level 1 program rate = 20 C/min
Final temperature = 200 C
Final time s 1.0 min
Post value = 215 C
Post time = 2.0 ain

Retector Temperature:
Oven Prograa:

Eud kod b

Bl

Split
120 L 10 ml/min
10 percent 0Y¥-1 on 80/100 mesh Chromosord WHP
(2-3 mm bed)
Injection Volume: 1 4L

Auto Sampler: Hewlett Packard 7673A or equivalent with cooled
sample tray maintained at 5-7 C.

Injaction Mode:
Split Flow:
Split Liner Packing:

The wiscosity of aultisol prohibits reproducible injections of
seznlies using an autosampler. Therefore, samples in muitisol
have to be diluted with an appropriate solvent such as
tetrahydrofuran (THF). The samples have been shown to be
stable for at least 72 hr sfter dilution at 5-7 C. The
recomrended dilution is & mininum factor of five for reliable
injecticn rasylts using an autosampler. As previously stated,
the standards should alsc be diluted using TiF.

Hota:

Ed BM LS
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Analysis of TGD Samples in Acetonitrile:

25 = x 0.32-mm 1.0. HP-20M with .3-ym film
thickness or equivalent

Column:

Bl

baad  Eaa

Carrier Gas:
Velocity :
Make-up Gas:
Detector :
Detector Gases:

Injector Temperature:

Detector Temperature:
QOven Program:

Helium
30 L 5 cw/sec for Helium
30 L 5 ml/min
FPD with 525-nm phosphorous selective filter
Hy » 135 mL/min L 10 mL/min
A\r = 120 al/min L S5 ol/min
s 15 al/min L 2 l/ain
260 L 5C (very important for satxsfactory
precision and accuracy of results.)
2251 5¢C
Initial temperature = 50 C

: Initial time = 0.5 min ;
g :1 Level 1 program rate = 20 C/min g
| Final temperature = 200 C .
! i] _ Final time = 1.0 min ¥
;" Revised February 19, 1990 '.“.3:;‘2:1 g
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Post value = 215 C 1
Post time = 2.0 min

Injection Mode: Split for comcentrations above 100 ug/mL
Splitless for concentratisns below 100 ug/mi
Split Fiow: 120 L 10 mL/min

Split Liner Packing: 10 parcent Qv-1 cn 8G/i00 mesh Chromosorh WHP

(2-3 mm bed)
Injection Volume: 1 4L
Auto Sampier: Hewlett Packard 7673A or equivalent with cooled

sample tray maintained at 5-7 C.

Bl Ld L

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 column into the capillary injecter and detector
ports and leak test the joints. [f 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 = 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 trapsed in the column yndar storage
conditions are removed priov 20 exposure of the ccolumn to elevated
temperatures. The exposure of the capillary column liquid supgort
to elevated tesmperatures ia the presence of compounds such as
oxygen or water will decormose the stationary phase of a capillary
column. The exposure of fused silica, the wmaterial 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.

BEd e Eea

Set the temperatures in the heated zones using the GC terminal
using 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
scap 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 FPD. 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

o
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the peak is observed, the time is recorded. A sample calculation
is:

Column Length in cm
s Carrier Velocity in cm/sec

Retention Time of Methane or Acetone in sec

g.
h.

The coclumn velocity must be set at optimum column temperature
(mid-rang2 of the operating conditions) sirce capillary column
velocitins change with temperature. The raconmended temperature
for the recommended conditions is 150 C. OCnce column velocity has
been set, allow the carrier gas to flow continuously through the
column during the remainder of the measurements. It should be
noted if a carrier gas other than nelium is used, a Van Deemter
Curve for that gas should be reviewed to establish the optimum
velocity.

Attach the flow meter to the gas outlet from the detector with the
carrier gas on ind al! other gases off. Measure the column flow
rate and record as this will need to be subtracted from all future
Beasurements to get actual flow rates.

Example Calculation for Flow Rate:

{i.e., for a time intarval of 15 sec to achieve a volume of 10 mL
the foliowing calculevion would be performed)

Formula for delersining flow rate:

Flow rate in ol/min s Volume {(mi)
Time (min)

15 sec
TS0 sec/mia” 23 0

T%g'%%ﬁ s 40 ol/min (flow rate)

Adjust and repeat measurements until the prescribed value is
reached subtracting the carrier flow rate from the observed flow
rate to get actual flow rates.

Repeat measurement procedure to set hydrogen flow rate.

Repeat measurement procedure to set air flow rate.

With gases on, ignite the FI§l or FPD flame by depressing the flame
ignition button. Vverify {lame ignition by checking for continuous
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condensation on a cold surface (e.g., mirror) at the etfluent
cutlel on the FID or FPD.

J. when the flame has been ignited, turn on the FID or FPD
elect. onics and allcw 20 min for system equilibraticn.

k. Xey in the following set points on the integrator terminal if
available. [f a strip chart is used, refer to instrument manual

for connections, Typical settings are:
1. Integration Method: Area percent
2. Attenuation: (2)3

3. Percent Offset: 10

4. Peak Width: 0.04

S. Threshold: ¢

6. Run Time: 15.0 STOP

7. Chart Speed: 0.5

8. ODetector: «¢n

These set points are only guidelines, but entering valuez Vor
these parametars is a minimur requirement for integration.

1. Plot the FIJ or FPO signal on the GC recorder Zero the plot on
the terminal or strip chart recorder so that the baseline is at
s 10 percent offset,

8. Analysis of samples: Standards and sample solutions are analyzed
using the same p icedures.

9. Calculation Procedures:

a. Identify the C . peak in the sample and standard chromatograms;
record the peak ares.

b. To calculate the concentration of the XCSM samples, construct a
calfbration curve by doing a linear regression of standard
concentration vs. standard peak area for all concentration leveils
then fit the sample peak area to the curve to obtain
concentration.

10. Quality Control:

Revised February 19, 1990
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a. FEich step in the analysis of standards and samples must be done
regroducibly to achieve good precision and accuracy. This
includes preparation of dilute solutions and instrument operation.

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
sxceed 10 percent. If the relative standard daviaticn exceeds
10 percent, the experiment must be repeated entirely prior to
acceptance of data.

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 chrematographable material with two or
more carbon atoms. However, due to the non-selective nature of
the detector, the detection of interferences may be encountered.
Therefore, each new type of testing should be prsceded by
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
biank wust be studied under the same test conditions (first
without (SM present and thea with CSM spike} and compara the
chrematograms.  Evaluate the data and make any necessary
correctians,

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 be
used when initislly establishing GC conditions to insure that the
chromatographic peak being measured during purity analyses is the
CSM 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 column 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. ‘ﬁ;
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¢. For weekend shut-down, follow the same procedure Lut also
extinguish the detector flame if appropriate by shutting off the
detector gas valves.

Decontaminaticn: Proper protective eguipment and clothing must be
utilized throughout these operations in accordance with FSSP SOPs MREF-23
and/ar MREF-25. All absorbent material covering the hcod 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-disposabie glassware in hoods will be filled with the
apprepriate 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-expendabie 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
decontaminated materials.

Bags of waste must be labeled "Contiminated Materials” with type of X(SM,
date of bagging, bag identification numbar, and neme of person packaging
the contaminated materials in accordasnce with MREF 50P-83-3, Secrion K.
The double-contained materials can thes be incinerated.

cmergency Procedures: [f an XCSM spill occurs, decontamination solution
{containing 5 percent sodium hypochlorite or 10 percent sodium nydroxide)
iocated within the hood is gently poured or swabbed with souk:d absorbent
paper held with forceps oa the area in an amount that is at least tanfold
in excess of the spill. This contaminated decontaminating satution is
absorbed with diatomacec.. sarth 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.

First Aid Procedures: Make sure that you protect yourself irom

contamination by the casualty. Mask if in doubt. Personnel exposed to a
toxic 2qent will be removed immediately to a shower area where washing and
firss aid can be administered by co-workers. [If there is any question
about the source of contamination, place the victim under the emergency
shower. Wash the victim down with soap; do not scrub as this may enhance
penetratior.
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1. Emergency Treatment for Specific Tvpes of KLSM:

a. V and G XCSM:
(1) Decontaminate when the source of contact is certain.

{a) Transfer the victim to a clean area and thoroughly
decontaninate with 5 percent sodium hypochlorite only in
the areas below the eyes in the nosition in which the
victim is being hield. 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 founta2in. OQecontaminate with dry
tissue or absorbent paper follcowed by water in areas
close to the eyes.

(2) Decontaminate when sourze of contact is uncertain.
(a) Place victia in shower and remove clothing.

(3) 1f victim has symptoms of anticholinesterase poisoning beyond
miosis, inject him with the contents of the atropine/2-PAM
autoinjectors at intervals ¢f S-10 min up to a maximum of
thrae injections. Note tiez of each injection on the victim
for referance by physician.

(8) If victim has stopped breathing, emplov resuscitation with
the ambu-bag immediately. Use the atropine autoinjectors
after you have successfully succeeded in restoring
respiraticn.

b. H and L XCSM:
(1) Decontamination when the source is certain.

(a) Tramsfer the victia 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 o .-
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Tne decontaminated individual is transported by ambulance to
University Hospital.

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.

Revised February 19, 1990 > J_a
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STANDARD OPERATING PROCEDURE
MREF SCP-88-46

TITLE: Measurement of the Abhility of Chemicals to Decrease the Aging Rate of
Soman (GO)-inhibited Acetvichclinesterase [AChi) Activity, in Yitro

April 18, 1990

LABORATORY: MREF SUP APPROVAL DATE:

PLACE OF CPERATION OR TEST: Rooms 2, 3 S, 7, 47, and 4/A

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMD17-89-C-5050 and will be erfective 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 personnal will assure that ali perscanel involved with this SOP
have been properiy trained and instructed in its provisions and attest to this
requirement by affixing their signatures on page 1.

A copy of this SOP will be posted at the Medical Research and Evaluati -
Facility (MREF) job site at all times,

Sulmitted Hy:

4
4
B R AV
stgnature/ls S

David W. Hobson, Ph.D , Associate Manager
Printed -.ne/Title

Approved By: —_— \gg ;§ \_-g_\_ >"~\_S\_“
.« dignature/Date

Garr:tt S. Dill, D.V.M., Mana
Printed Name7|1t|e
/4D,

ignature/D4te /

Approved 8y:

David L. Stitcher, CIH, Safety/Surety Officer
Printed Name/Title
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STANDARD OPERATING PROCEDURE 88-46

Measurement of the Ability of Chemicals to Decrease the Aging
Rate of Soman (GD)-iInhibited Acetylcholinesterase (AChE) Activity, In Vitro

A. Statement of Work: Acute toxicity associated with organophosphates has
been attributed to inhibition of acetylcholinesterase {AChE) which causes
the muscarinic, nicotinic, and central nervous system cholinergic effects
cbserved 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 identify
candidate oretreatment and treatment (P&T) compounds that significantly
decrease the aging rate of Soman {GD)-inhibited AChE (GD-AChE).

B. Responsibilitv:

1. Personnel Qualifications: Technical staff will ba current with the
requirements of the MRtr and all applicable MREF SOPs. All technical
staff will be familiar with handling hazardous daterials within the
MREF laboratory. The technical staff must have a fitted SurvivAir
respiratc. in accordance with FSSP SOP MREF-9. They must know the
location . the nerve agent kit, mechanical resuscitator, ey2 wash
fountain, a:! daluge shower as well as how to use them. They must
maintain eit r visual or audible contact with each ather in order to
detect unauthurized actions or be ready to rescue or render first aid
to the other in the event of an accident. Personnel working with
solutions of chemical surety materiel (CSM) 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
Birector for that operation. Each leader will insure that the
following are observed:

a. Only authorizc.d personnel meeting requirements set forth in
Section 8.1 are allowed in the rooa during XCSM operations.

b. XCSM control and accountability are maintained.

¢. Adequate, approved, protective equipment is available at all times
to per<canel at their work site.

d. All leader and technical staff responsibilities specified in the
MREF FSSP are followed. :

Revised April 11, 1990
AA‘ .

{

L




.o

Bl S id LJ

[ ]

il Bl S N R B S ma

bad

7o g BAECOEE S opon ey T appn e ey T oo
e : . R R E

e d

MREF
S0P-88-46
June 1, 19893
Page 5

e. Each empioyee has beea 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 30P.

g. No food, beverage, or tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
prohibited in the laburatory.

h. The safety requirements of this SOP, as well as normal laboratory
safety, are maintained.

i. Cecontamination solutions are piesent prior to handling XCSMs.

J. All quantities of XCSH¥ that leave the hood or ruca 2re properly
contained and labeled,

k. All applicable S0Ps 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 B.2. In addition, they must use
personal, protective equipment provided and develop safe work habits
to protect thexzeives and faliow workers from injury and to prevent
damage to naterial, equipment, and facilitiss. They must net perfarm
XCSH operaticns without the presencs of & qualifiad secand person,

4. Research Organization: The organization involved in this research is
the MREr of Battelle Memcrial Institute, 505 King Avenue, Columbus,
Chio 43201-2693.

C. Materials to be Usad:

1. XCSM: XCSM is also referred to as research, development, test, and
evaluation (RDTE) dilute solutions of CSM. The XCSM solutions that
g;: be used following this S0P are those prepared from the following

a. Soman (CAS 96-64-0 or 50642-24-5): GD, pinacolyl
sethylphosphonofluoridate.

2. Decontamination Materials: Sodium hydroxide (NaOH) (10 percent in
solution).

Revised April 11, 1990
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Equipment: Freezer and refrigerator; volume-adjustable single and
multichannel pipettors; pipette tips; pipette-aid and serological
pipettes; COBAS/FARA Centrifugal Analyzer; 96-well, flat-bottomed
microtiter plates; microtiter plate reader; 10-mL and 25-uL volumetric
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 chloride
(2-PAM) autoinjectors; and first aid kit.

Hazards Involved:

1. Anticholinesterase: The hazard from XGD is primarily that of liquid
injection, ingestion, or absorption through the skin or eyes.

a. Mechanisa of Action and Physiological Effects: This XCSM causes
inhibition of AChE in the body. Repeated low level exposures to
this XCSM will have cumulative effects on cholinesterase
inhibition. Blood AChE 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 tioe of onset and severity.

Inadvertent skin crntact with XCSM is the most common cause of
laboratory accidents/ incidents. The XCSM absorption rate will
Jikely he accelsrated through unprotected cuts and abrasions. T%e
first indication of expesuic of skin to XGD is likely to be a
reacticn at the point of exposure, i.e., localized sweating and/c-
twitching. If exposed to vapor pinpoint pupiis (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 that
Symptoms 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 expasure, are typical
of systemic toxicosis:

(1) Nausea--possible voaiting.
(2) Oiarrhea.

(3) Weakness.

(4) Muscle twitching.

(5) Convulsions.
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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
percutanecus exposure may be delayed by the absorption tinme.
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 HaQH is left in
contact with skin or eyes.

3. 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 thea.

F. Safety Requirements:

1. Hoods: Hood face velocity must average 100 + 10 1fpm. The 4average is
computed from individual readings taken in approximately each square
foot of hood face (usually nine readings). In addition, ro individuali
reading will vary more than 20 percent frem ths averzge. Ho zquipment
will be within 20 cm of the face of tha hood.

2. Protective Equipment: Wi2k 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
protactive eyewear

In addition, cach worker’s individually assigned Survivair combination
escape/airline-supplied respirator will be readily available. Al
provisions of the MREF FSSP apply to the checking and testing of
gloves, aprons, respirators, and other protective equipment.

J. First Aid: A first aid kit -ontaining two squirt bottles, one filled
with a 5 percent available chiorine NaOC! 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

Revised April 11, 1950
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G. Experimental System: This assay entails the develgpment, validation, and

eye-wash fountain, d2luge shower, and fire extinguisher will be known
to all ladoratory personnel before work begins.
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use of an 1a vitro assay to identify candidate compounds that decrease the
rate of aging of GD-inhibited AChE (GD-AChE).

K. Experimental Design: 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
on the procedure described by Puu et al., and involves determining the
amount of reactivatible GD-inhibited fatal bovine serum (FBS) AChE as a
function of GD incubation time. For general screening, a ainimum of two
time points are required, however, additicaal time points may be estimated
if mandated by experimental protocol.

I. Procedures:

1.

Revised

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 XCSM will contain, as a
winimum, 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-beckad 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,

Preparation of AChE Assay Reagents:

a.

April 11, 1990

Phosphate Buffer (0.1 M, pH 7.6): This reagent has an expiration
date of 8 weeks following the date of preparation.

Solution A: Dissolve 1.38 of monobasic sodium phosphate in 50-mi
deionized water.

Solution B: Dissolve 7.1 ¢ of dibasic sodium phosphate in 250-mL
deionized water.
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Mix 32.5 mL of Solution A with 217.5 al of Solution B in a

500-al volumetric flask. Bring total volume to 500 alL with
deionized water. Adjust to pH 7.5 as necessary using 1.0 N HC! or
1.0 M NaOH.

TRIS(hydroxymethyl) -aminomethane (TRIS) Buffer: This reagent has
an expiration date of § weeks following the date of preparation.

(1) COBAS Assay - 0.05 M, pH 8.2: Dissolve 3.03 g of TRIS in
400-ul deionized water and adjust to pH with €.0 N HCI.
Bring to 500 al with deionized water.

{2) Micropiate Assay - 0.1 M, pH 8.2: Dissolve 6.06 g of TRIS in
400 wL of deionized water and adjust to pH with 6.0 N HCI.
Bring to 500 mL with deionized water.

5,5'-0ithio-bis(2-nitrobenzoic acid) (DTNB) Reagent: This reagent
is not used 4 weeks after the date of preparation.

(1) COBAS Assay - (0.42 =M): Dissolve 0.0333 g OTNB in
approxizately 150-al TRIS buffer. Adjus? 7H to 8.2 with
1.0 M NaOH. Bring to a total volume of 200 sl with deionized
water.

(2) Microplate Assay - (0.84 »M): Dissolve 2.G656 ¢ ¢f DTNB in
approximately 15C-el TRIS buffer. Adjust pi to &.2 with 1.9
M NaCH. Bring to a total volume of 200 zL with deionizad
water.

Saline [0.9 Percent Sodium Chloride (NaCl)]: OGissolve 0.9 g NaCl
in 30-at deionized water. Bring to a final voiume of 100 ml with
deionized water. This reagent is ot used 8 weeks after the date
of preparation. '

Acetylthiocholine lodine (ATCHI) Substrate (5 x 10°? M): Dissolve
5.784-g ATCHI in 90-el saline. Dilute to a final volume of 100 al
with saline. Aliquot into 2.5 sl in-use quantities, label, and
store at 0 to ~20 C. This reagent is not used 6 months following
the date of preparation.

(1) COBAS Assay - Oilute 1:4 with saline before use.
(2) Hicroplate Assay - Dilute 1:15 with saline before use.

Assay Buffer: To 100 amL of phosphate buffer (a), add 0.20-9
magnesium chloridy (MgCl,) (0.01 M), 0.0i-g bovine serum albumin,

Revised April 11, 1990
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and 0.002-¢ sogium azide (0.002 percent). Store refrigerated
until use. This reagent may be used up to 4 weeks past the date
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. FB8S AChE is
obtained from the Department of Biochemistry, Waiter Reed Army
Institute of Research. [t is supplied at a concentration of
approximately 5,000 U/mL in IG percent glycerol and 0.1 M sodium
phosphate buffer (pH 7.5) in pre-assayed vials and may be stored
for at least a year at -10 £ 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 soluticn with a concentration of
approximately 5,000 U/al by the addition of 5,000 U of the powder
to each 1.0 siL of a 10 percent glycerol and 0.1 M sodium phosphate
buffer (pH 7.6) solution which 1s subsequently aiiquoted into
vials containing 0.5 al 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 1 year past the date of
preparation.

bad bl Eos
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h. AChE Reagent Solution:

{1) (CUBAS Assay: Add 250 gl of packed erythrocyte sample in a
microcentrifuge t(ube., Dilute to 1 sl with deionized water
and aix 20 hesolyze the erythrocytes. Centrifuge for 10 min
at 12,000 to 15,000 revolutions per min (rpm) in a Brinkman
microcentrifuge., Decant the supernate and add 1 mL of
deicnized water to the pellet. Resuspend the pellet and
cantrifuge as before. Decant the second supernate and
resuspend the pellet in approximately 1.0 ol of 1 percent
triton X-100 in normal saline. The volume in which the
pellet is resuspended may fluctuate depending nn 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 GOR
program. Then dilute the material to the desired AChE
activity, for use in the GD aging assay, with the 1 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

el Ba ks

effect of PAT compounds on AChE aging of GD-inhibited enzyme. %
Dilute the AChE stock as in Section [.l1.g above with assay i"i
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buffer to make a solution that has an approximate AChE
activity of 2 U/amL.

(2) Microplate Assay: Dilute the AChE stock solution described
in Section I.l.g above with assay buffer to make a solution
that has an approximate AChE activity content of 1.0 U/mL.

i. HI-6 Preparation (2.8 mM): A 2.8 =M solution {5 prepared by
dissolving 24.9 mg of HI-6 in approximately 15 mL of assay buffer
in a 25-al 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 uM. As
indicated by protocol, 2-PAM or other reactivators may be used in

placa of HI-6.

J. P&T Compound Stock Solutions (2.0 mM): Add 50.0 gmol of each PAT .
compound to approximately 15-mlL assay buffer in a 25-mL volumetric
flask. Mix and bring to a final voluse of 25 mL with assay
buffer. Adjust the pH to 7.6 as needed.

Handling of XCSM: The handling of XCSM is conducted in accordance
with HREF S0P-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), equilidration (Sectica G.5), transfer
(Section G.6), dilution (Section 6.7), transpurt (Sectien G.8),
packaging (Section G.9), transfer for use wiihin the MAEF

(Section G.10), and securing of XCSM (Secticn H).

Dilution of GD to XCSM Levels:

a. GD is diluted to XCSM levels (0.5 mg/ml) in ¥REF Roca 2B following
the procedure set forth in FSSP SOP MREF-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 GD 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. GD dilutions are stored between -60 to -8Q C until
used. XGD, prepared and stored in this fashion, will not be used
S0 days past tha date of preparation.

1
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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 bioicaical
safety cabinet,

(1) COBAS Assay: The XGD is prepared in issay buffer and the
conrentrations used may fluctuate depending on the source of
the cholinesterase and degree of innibition desired. For
Rhasus monkey AChE samples, 0.5 to 5 nM XGD wili inhibit the
enzyme approximately 25 to 75 percent, respectively, under
the above incubation conditions. For the testing of the
effect of P&T compounds on the aging rate use tne same XGD
concentration as in the microplate assay.

(2) NMicroplate Assay: A working dilution is then prepared by
further dilutior of the vial contents to a concentration of
approximately 0.05 gM. This working solution is kept in a
sealed container on ice until used in the assay.

S. Storage of XCSM:

a. XCSM is stored according to the procedures cet forth irn
MREF SOP-83-5. All exempt level protective equipment is worn
during the transport and storage procedure.

b. The priwary container in the secondary container is stored in the
freezer in Room 47R, which is secuved by locking the door with 2n
approved cowbination lock and hasp.

6. Microplate Assay Procedure:

a. The microtiter plate reader is turned on and programmed to read
ahsorbance at 414 nm for up to a 5 ain 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. Usirg the reagents prepared as described in Section [.1 and
muitichannel pipettors (4, 8, 12, or 96 channel, 5-150 ul),
96-well flat bottom microtiter plates (8 rows x 12 columns) are
prepared for each AChE assay.

e Initialize each microtiter plate by collection of a blank
reading against air,

Revised April 11, 196C L X
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» AChE Controls - Pipette 10 sl cf assay buffer intc each well of
the plate (a minimum of 4 wells is required for edch ajing time
point to be estimated). Add 20 u. of AChE assav solution and
incubate at room temperature for tne specified aging interval
(to simulate aging time). Afier 3 minimum of 15 sec, add 20 ub
of assay buffer. Following incubation for the aging intervai,
add 20 gL of assay buffer or 2.8 mM HI-6 and incnbate at room
temperature for 5 min, then assay for AChE activity.

HA IR PRGNS Y - o
LN e .

e GD-Inhibited AChE Controls - Pipette 10 gL of XCSM GD solution
into each well of the plate (minimum 4 wells for each aging
time). Add 20 psL of AChE assay solution at time 0 and 20 uL of
assay buffer and incubate for at least 15 sec. Incubate for the
specified aging time, add 20 sl of HI-6 solution, then incubate
for 5 min and assay for AChE activity.

e Reactivator Controls - Pipette 10 ulL of assay buffer into each
well of the plate. Add 20 gL of AChE, after at least 15 sec,
add assay solution. Add 20 gL of AChE assay buffer into each
well (a minioum of 4 wells for each PAT compound concentration
and aging time combination). Incubate for the specific aging
interval to simulate AChE aging time, th.n add 20 yL of the HI-6
solution. Incubate for S min and assay r~r AChE activity.

e Reactivation Samples - Pipette 10 gL of XCSM GD salution nto
each well (2 ainimum of 4 wells per each reactivatur
concentration and aging time combination). Add 40 pb of ACKE
assay solution and incubate for at least 15 sec. Add 20 sl of &
candidate PAT solution and, after the designated aging time, add
20 sl of HI-6 solution. Incubate for 5 min and assay for AChE
activity.,

¢. The AChE-GD aging time permits can be as short as 30 sec. The
aging pericds used is dependent upon the aging rate of GD-
inhibited AChE. This may vary between species.

d. Assay for AChE Activity: following incubation, add 75 szL of
0.84 mM DTNB solution to each well and mix for 30 sec. When
erythrocyte AChE prepirations are used, this time interval should
be increased to 90 sec. ATCHI substrate (75 pL) soluticn 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 ccllected
at reguler intervals for up to 5 min.

Revised April 11, 1990
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7. COBAS/FARA Centrifugal Analyzer Assay Procedure:
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a. This method was developed as an alternative to the microplate
assay procadure for testing the effect of PRT compounds on 2aging

of GD-innidited AChE.
Rminimum ajing time is greater than 1 min.

It may be used for studies where the
The various incubation

times may be cnanged relative to the demands of the protocol used.
The CUBAS/FARA is turned on and the GD reactivator program is
utilized. - This prograa simulates the microplate assay and
contains the following assay parameters:

Measurement Mode: Absorb
Calibration Hode: Factor
Reagent Blank: No B8lank

Wavelength: 410 na
Temperature: 25 C
Decimal Position: 1

Unit: wol/al

Analysis:

{1) Sasple (Enzyme): 10 gL DOiluent: 5 gL

{2) Incubation: 5 sec

{3) Pesgent 1 (XGD): 10 pL Diluent: 5 pb

(4) Incubation: 5 sec

(5) Reagent 2 (PAT Compound or Assay Suffer): 20 sl

Oiluent: 0

(8) Incubation: S sec

(7) Reagent 4 (Reactivator; e.g., HI-6): 20 pL

(8) Incubation: 300 sec.

(9) Reagent 3 (DTNB): 150 sl
(10) Incubation: 120 sec
(11) Start Reagent (ACTI): 10 gL
(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 @min up to a total of 14 min.

Revised Ap~il1 11, 1990
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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/mL) = 0.25/(13.6%0.010) = 1.838
where:

he d

0.25 = square cm area of the cuvette

13.6 = oM absorptivity of OTNS

0.010 = sample volume, in ml, used in absorptivity
measuresent

Because the values obtained using 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 aiso 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.

g ey ey e o

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
sultiplying by the conversion factor.

e~ A T g Srv——

AChE (mU/mL) = (change in absorbance/min) * (comversion
factor)

b. As required for AChE samples from different species, alterations
in the temperature or the volumes of Steps 1 to 5 may be made. If
the sample volume is changed, then the conversion factor will need
to be changed as indicated in the samwple calculation eguation.

The total volume of Steps 1 to S should equal 50 gL. 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
willid:gend on the species from which the erythrocytes are
cbtained.

m e me s e gt ¢ s
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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 GD 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.
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J. Uecontaminaticn: Proper protective equipment and clothing must be
utilized throughout these operations in accordance with FSSP SOPs MREF-23
and/or MREF-25. A1l 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 sclution (10 percent MaQH) 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
slastic bag is then sealed with adhesive tape and placed inside ancther
plastic bag, which is then sealed with adhesive tape to provide double
containment of decontaminated materials.

AT T ey -

Bl R bd Ld

Bags of waste must be labeled °Dacontaminated 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 XGD spill occurs, decontamination solution (10
percent NaOH) located within the hood is gently poured or swabbed with
soaked absorbent paper heid with forceps on the area in an amount that is
at least tenfold in exczss of the spill. ODecontaminating solution is then
absorbed with diatomacesus earth or other abgorbent and deposited into
double plastic bags. The cleaning/absorption procedure is repeated again.

]

B

In the event of any incident or exposure, the MREF Manager or his designee
wust be notified immediately.

L. First Aid Procedures: Mzke sure that you protect yourself from
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 Je administered by co-workers. [f there is any question
about the source of contamination, place the victim under the emergency
shower. Wash the victim down with soap; do not scrub as this may enhance
penetration. Notify MREF on-site medical personnel as quickly as
possible.

B kil Eaa

1. Emeraency Treatment for XGD:

ancicall

a. Ermergency decontamination when the scurce of contact is certain:
Remove contaminated clothing. Transfer the victim to clean area
and thoroughly decontaminate with 5 percent NaOCl only in the

Revised April 11, 1390
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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 eves 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. (bserve victim for signs and symptoms
of GD intoxication.

b. Emergency decontamination when source of contact is uncertain:
Place victim in shower and remove clothing. Observe for signs and
symatoms of GD intoxication.

c. If victim has symptoms 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 time of each injection on the victim for
reference by physician.

d. If victim has stopped breathing, employ resuscitation with the
amby-bag imsediately. Use the atropine autoinjectors after you
have successfully succeeded in restoring respiration.

At the direction of the MREF Manager or on-site Medical Officer the
decontaminated individual may be transported by ambulance to a local
haspital isr further observaticy and treatment.

In the event of any exposure, the MREF Manager or his designee must be
summoned after the immpediate emergency is taken care of and informed
of the exposure.

M. Data Calculations and Analysis:

1.

Using their respective reagent blank values, the GD-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 effectivensss. 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.:

£
EIR x ER - €I
E - El

x 100

% reactivation =

Revised April 11, 1990
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2. Thase percentage reactivation estimates are then converted to log,,
values which are used to compare the ability of each candidate
reactivator %o inhibit the GT aging rate of ACHE at the various
addition times versus the similar values for a standard reactivator
(which are s2lected by the protocol used). This comparison is
performed using linedr regression estimates for the slope where log,
percent reactivatica is the dependent variable and time of reactivator
addition following GD addition is the dependent varizble. A compound
that decreases the GD-2ging rate a3 well as or better than the
baseline value is considered a pesitive candidate comgound.

Rad E3 L3 L

H. References:

Pue, G., Arturssoa, E., and Bucht, G., Bioches. Pharmacol.,
35(9), 1505, 1686.

2. Keijer, J. H., Wolring, 6. Z, and deloig, L. P. A., Biochem. Biophys.
Acta, 334,146, 1974.
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STANCARD OPERATING PROCEDURE
MREF SQOP-89-55

TITLE: Analysis and Structural Verification of Atropine in Citrate Buffer

LASORATORY: MREF, HML, or ¥ina Ave. SOP APPROVAL DATE: 02/26/90

PLACE OF OPERATION QR TEST: Any safetv approved laboratory within the
faciiities

This Standard Operating Procedure (SOP) has been prepared as prescribed by
{ontract DAMD17-89-C-9050 and will be effective for one year from date of
approval unless sooner rescinded or superseded.

Ho deviation from this S0P will be permitted. Whenever the approved method is
changed, the SOP will be revised.

Supervisory personnel will assure that all personnel involved with Lhis SOP
have been properly trained and instructed in its provisions and attest to this
requirement by affixing their signatures on page 3.

A copy of this SOP will be posted at the job site whenever the operation is
teing perfaormed.

—
Submitted By: oy A,"y/@é/ ﬂ/zd o
Signdture/Late

Timothy L. Hayes, Research Scientist
Printed Name/Title

Approved By: i\l - - NN

1gnatare/Date

Garrett S. Dill, D.V.M., Manager
Printed Name/Title

Approved By: W &/0’7[/*?2

Signature/Qate ¢

David L. Stitcher, CIH, Safety/Surety Officer

Printed Name/Title
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Quality Assurance Unit
Health and Eavironment Group
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Signakure/Date

Charles K. Burdick, Director
Total Quality Program
Health and Environmental Group

Printed Hame/Title
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1 have read and understand the contents of MREF SOP-89-55.

Signature Date
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STANDARD QPERATING PROCEDURE 89-55

Analysis and Structural Verification of
Atropine Base in (itrate Buffer

Ead e ol

A. Statement of Work: This S0P describes the entire procedures for
verification of identity and quantitative measurement of atropiue free
base by hiyh 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 HMR requires the
facilities at King Avenue.

% B. Responsgibility:

1. bku-<onnel Qualifications:

&S Ed

=] :

Eaa A

All technical staff will be familiar with handling hazardous =zaterials
within the laboratory. Personnel performing the following procedures
sust read and sign this S0P.

2. Leaders: Leaders of esch operation wili he designated hy the Study
Director for that operation. Each leader will insure that the
following ara obssrved:

3. Only authorized personnel meeting requirements sat forth in
Section B.1 are allowed in the roca during operations.

Adequate, approved, protective eguipment is available at all times
to personnel at their work site.

4

c. A1l leader and techaical staff responsibilities specified in the
MREF or HML FSSP are followed when work is conducted at the ‘
respective laboratories.

Each MREF and HML employee has been trained in the technigues of
administering first aid and self aid.

i"_‘\l
Q.
.

{ 5! e. Work under this SOP is performed only in the area(s) or roor(s)
designated by this SQP.

¢
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t. No food, beverage, o 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.

Technical Staff: Technical stuff will be responsible for abiding by
requirements set forth in Section B.2. In additien, thay must use
personal, protective equipment provided and develop safe work habits
to protect themselves and fellow workers from injury and to prevent
damage to material, equipment, and facilities.

Research fraanization: The organization involved in this research is
the MREF of Battelle Memorial Institute, 505 King Avenue, Columbus,
Ohic 43201-2593.

C. Materials To 8e Usad:

1.

Solvents and Chemicals: The atropine sulfate solid which will br used
on this program ior preparation of analytical standards will be
provided by the U.S. Army Medical Research and Development Command
(USAMROC) or a source which can provide an established purity.

IF the atropine dosing solution is not reczivad in a pre-pickaged form
upen receipt, the stropine dasing solution in citrate buffer will be
stored in subdued Yighting at 4 C. If a pre-sackaged form has been
received, it will be stored as diracted by the suppliar.

NMR spectra will be obtained on dilute solutions of the drug dissolved
in > 99.8 percent deuterium oxide (Stohler lsotope Chemicals or
equivalentg. NMR tubes will be the Stohler Isotope Chemicals “UYltra
Precision® sodel or the equivalent model from other maaufacturers.

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), tetrabutylammonium chloride
(Aldrich 98+ percent), sodium lauryl sulfate (Aldrich 98 percent),
sodium heptane sulfonate (l-heptane sulfonic acid, sodium salt)
(Aldrich 98+ percent), tetramethylammonium chlcride (Aldrich 98+
percent), and helium or nitrogen gas.

Revised February 20, 1990
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D. Equipment: Freezer, refrigerator, labels, first-aid kit, plastic-backed,
absorbent 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 Roem 7237-A of the King Avenue
facility.

The HPLC analytical system, to be used consists of the following: HPLL
pump, HPLC ultra violet (Uv) detector, KPLC injection system
(autosampler), analytical column, strip-chart recurder (optional},
electronic data system. Any equivalent system may be useJ once
confirmation of performance has beea estabiished.

E. Hazards Involved:

1. Solvents: The solvents used in preparing the dilute material .ay have
hazards associated with their use. A copy of the Material Safety Qata
Sheats (MSDS) is available from the manuiacturer or throujh Rattelle‘s
Safety Office at 505 King Avenue. A brief listing of hazards
associated with handling the more commonly uscd solvents has baen
included:

a. Acetonitrile: Acetonitrile i3 a flamrmabie liguid that must be
handTed as a solvent with a dangerous fire risk. Tha flash paint
of acetonitrile is 5.56 C. The 1933-1939 ACGIH TLY fcr
acetonitrile is 40 parts per million (ppm) as an 8-hr TWA and
80 ppm as a 15-~in STEL. Skin contact may also represent a
significant route of exposure.

b. Methanol: Methanol is a flammable liquid that must be handled 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 1988-1689 ACGIH TLV for methanol is 200 ppm as an 8-hr TWA and
250 ppm as a 15-min STEL. Also, skin contact may represent a
significant route of exposure.

C. Benzene: Benzene is a flammable (iquid that must be handled as a
salvent with a dangerous fire risk. Benzene is toxic by
ingestion, inhalation, and skin absorption. Benzene is requlated
as a carcinoqgen by the Occupaticnal Safety and Health
Administration (OSHA) resulting in excess leukemia. Containers

i

must say “DANGEP CONTAINS BENZEWE CANCER HAZARD.® OSHA 8-hr k]
permissible exposure limit (PEL) = 1 ppm, Action Level = 0.5 ppm. %ﬁ

i
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£. Safety Requirements:

1. Hoods: Hood fuoe velocity must average 100 = 20 1fpm. The average is
computed from ingividual readings taken in approximately each square
foct of hood face {usually nine readings). No equipment will be
within 20 cm of the face of the hood. ‘

2. Protectiva Fquipment: When warking in the laboratcry, the following
cTothing and protective gear are required as & minimum for all
personnel, This equipment must be used as directed in the FS5P.

lab coat
latex gloves fas needed)
protective eyewear

All provisions of the FSSP apply to the checking and testing of
gloves, aprons, and other protective equipment.

3. First Aid: The location of the nearest sye-wash fountain, shower, and
Tire extinguisher wiil be known to all workers before work begins.

G. Prccedures:

1. HREF Entrv: Zefore entering the securad facility, note the status of
the "Agent-in-ise” Tight at tha turnstile. If the "Agent-in-Use"
Yights are turmed on, note the room jocation and be sure that upon
entry ts the laboratory area all safety equipment and procedures
dascribed in FSSP SCP MREF-18 are in place. ipon entry of the room,
confirm that there are no audible alarms. HNo 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 probiem is reported to the MREF
Manager and the cperation does not begin.

2. Hood Set Up: The operation hood area must be prepared with all
materials necessary to perform the operation prior to starting the
operation. All materials will be kent behind the 8-inch line in the
hoed.

3. Sample Preparation: The drug formulation samples provided for
analysis will be manipulated so that the intaerference of solvents and
other ccmprnents associated with the samples is minimized to provide
relatively pure drug samples for NMR analysis. '

Revised February 20, 1850
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HPLC analyses may be performed on either the Josing formulaticns as
received, diluticns of the parent materials, or on referetce standard

salutiors of known concentration.

a. Analvtical Roference Standard: Solid atropine sulfate standard
used as a rererence material is dried at 100 C, 0.4 mm Hg for 3 hr
prior to use in a vacuum oven. This ic performed by placing the
solid material contained in ity original container which has had
its cap removed into a pre-heated oven. The oven is sealed and
the vacuum adjusted to 0.4 mm Hg.

b. NMR: For the NMR sample preparation. 1 mL of test sample is made
basic with 2.0 mL of 0.1 M sodium hydroxide ta reach a pH of
approximately 13 (verified by color pHast paper). This solution
is stirred rapidly with benzene (5.0 mt) for 15 min and then
poured through Whatman lps phase separation paper (with 1.0-mL
benzene rinse). The filtrate is stirred for 1 min with 2.0-ml
deionized water and this mixture i5 passed again through a fresh
phase separation paper (with 1.0-mL benzens rinse}. The benzene
filtrate is evaporated in a rotary evaporator to yield atropine as
its free base. The sulfate is reformed by adding a slight molar
excess of dilute 02504 in nzo to the free base.

MMR samples are prepared by transfer of the devterium oxide
solution and transferred into an MMR tube {tube canped after
transfer) for NMR aralysis.

C. HPLC Analysis: Samples are either analyzed directly or can be
diluted so that the expected concentration range is hetween 0.1

and 1.0 mg/mL.

Preparation of Standard Solutions: Standard solutions of atropine

suifate are prepared for «MR refersnce spectrum and HPLC standard
curve determinations.

a. NMR: Within a glove bag thoroughly flushed with dry nitrogen or
argon, weigh 10 ¢ 0.1 mg of atropine sulfate onto weighing paper.
Transfer the sample into a screw-capped bottle and ciose tightly.
Qutside the bag, dissolve the sample in an accurately measured
volume of 10.0 mL of deuterium oxide and recap the bottle to
ainimize the contamination of the sample with undeuterated
moisture.

b. HPLC: Weigh 50 = 0.1 mg of atropine sultate onto weighing pager.
Quantitatively, transfer the sample into a 50-mL volumetric flask
containing aoproximately 40 mL of mobile phase (see Section G.6.b)

Revised February 20, 1990
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Mix the solution therougniy on a vortex mixer. Dilute to 50.0 mb
with the mobile phase and remix the solution. The resulting
concentration of the atropine sulfate will be approximately

1 mg/mL.

Miz and dilute the atropine sulfite stock solution with the mobile
phase as fallows:

10.0-aL stock + 0.0-mL mobile phase
£.0-mL stock + 5.0-mt mobile phase

2.5-mL stock + 7.5-al mobile phase

1.0-ml. stock + ¢.3-aL mobile ,hase

0.0-mL stock + 10.0-mi mobile nhase

The atropine sulfate concentration: obtained are 1.00, 0.50, 0.25,
0.10, and 0.0 mg per mi,

Diluted standard solutions are ke,. refrigerated until use.
Standards wmay be kept refrigerated for up to 30 days.

5. Analysis Start-ip: NMR is performed to verify the structure of
atropine suifate. HPLC is performed to quantitatively determine the
concentraticn of atropine suifate and confirm the identity of the
atropine is the samples.

2. MR: Calibrets the NM instrument and gats system according to
Tastructions in the operator’'s maaual., Whan properly calibrated
against the standord reference soluticns identified in the sanual,
procesd with tha analysis Section 6.7.a.

b. Quantitative HPLC: Prepare HPLC mcbile phase for quantitative
anaiysis dy dissalving 2.2 g of sodiua heptane sulfonate
(1-heptane sulfonic acid sodium salt) and 2.7 g of
tetramethylammonium chloride in aporoximately 90 ml of deionized
water. Add 1.0 =L of glacial acetic acid and dilute to ! L and
mix. Filter buffer solution before using.

The mobile phase may be established using a gradient system with a
78 percent 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 1-L glass
bottle, add 20 mL of methanol and 200 mL of acetonitrile and mix.
Crce the huffer has been prepared, it musi be filtered and used
within 30 days.

ke
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[nsure that the appropriate analytical cclumn has been installed
in the analytical system, and that the injector is equipped with
at least a 20 uL sample injection leop.

All aocbile phase must be filtered and degassed for at least § min
with nitrogen or heliua, prior to use.

The detector and the pump must be turned on for a warm-up pericd
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 al/min during the warm-up period. After
approximately 15 min, measure the flow for S min with a 10-mL
graduated cylinder. The flow rate must be set at 1.0 = 0.1
si/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 pusmp has been on for 30 min, adjust the detector zerso
with the balance control with the detector atteruation set at the
appropriate 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 control.

HPLC Identity Confirmaticn: Prepare HALT mobiie phase for
identity confirmation Dy adding 6.0 ¢ of scdium lauryl sulfate and
1.0 g of tetrabutylammonium nitrate to a !-L vclumetric flask and
dissolve the reagents in approximately 500 ml of deionized water.
Add 20 ol of glacial acetic acid to the solution and mix. The
volusetric flask is filled to the 1-L mark and the solution
re-mixed. Filter the solution with a 5 um filter and store in a
clean glass bottle. Use within 30 days.

The mobile phase may be established usirg a gradient system with a
50 percent buffer : 40 percent acetonitrile ratio or mixed prior
to analysis. To mix the wmchiie prior to analysis, add 600 mtL of
the buffer prepared above to a 1-L glass bottle and add 400 mt of
2cetonitrile and mix. Once the buffer has been prepared it must
be used within 30 days.

Insure that a Supeico LC-1 column or equivalent has been connected
to the injector and detector and the injector is equipped with a
20 gL sample injection loop.

All mobile phase must be degassed for at least 5 min with helium
or nitrogen prior to use.
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The detector and the pump rmust be turned on for 3 warm-up period
of at least 15 ain 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-mb
graduated cylinder. The flow rate should be 1.0 = 0.1 mt/min.
Adjust the flow rate setting on the pump if necessary to obtain an
actual flow rate within these limits and re-check.

After the pump has deen on for 30 amia, adjust the detectur zero
with the balance control with the detector set at the appropriate
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 control.

Analysis of Samples: MMK is performed for structural confirmation.

HPLC stangards and collected samples are analyzed to determine
concentration and identity confirmation.

#MR: Multiple acguisitions (> 10D transients) are generally
required. Spectra will be printed on standard MR paper and
computer referenced to the chemical shift of sodius
2,2-dimethyl-"-silapentane-3-sulfonate determined on the same day
to facilitate interpretation.

Quanticative HFLC The foliowing is a 3¢t of HPLC conditions that
have heen found to be satisficiory for quentitative anaiysis of
atropine sulfate by HPLL (reference 1):

Column: C18 u-Bondapak or equivalert, 250-mm ‘ong x A.G-mm inner
diameter with S micron particle size.

Mobile Phase: See Section £.6.b
Detector: UV g 260 ne

Flow Rate: 1.8 ol/min

Injection Volume: 20 i

For gquantitative analysis of atropine sulfate samples, transfer
1-mL duplicate aliquots of each atropine sulfate standard to
autosampler vials and place the vials in the autosampier in
ascending concentratiocn order. Set up the data system to acquire
data for each standard as described in the instruction manual.
Transfer 1-mi duplicate aliquots of each sample to autosampler
vials and place the vials in the autosampler.

Ravised February 20, 1990
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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.

HPLC Identity Confirmation: For confirmation of the identity of
atropine sulfate by HPLLC, 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.

Colusn: Supelco LC-1, 250-sm long x 4.6-am inner diameter, with
S micron particle size. .

Mobile Phase: See Section G.6.c
Detecfor: Uv @ 25¢ ne

Flow Rate: 1 sL/ain

Injection Volume: 20 sl

for confirmation purposes, analyze an atroping sulfate standard
and a saaple from the formulation under these HPLC conditicns.

Instrument Shut-Oown:

When the instrument is not to be used for extended periods of
tise, the systes must be shut down following manufacturer's
instructions to ensure coluan life and instrument stability.

For overnight shut-down, turn off the UV detector, chart recorder,
and pump controller,

For weekend shut-down, follow the same procedure asg for overnight
shut-down but also cap off the analytical column to prevent the
solid phase from drying.

Data Reduction: The MMR spectra obtained in Section G.7 are compared
to reference RMR 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.

MR: Compare the NMR spectrum for the sample with the specirum
obtained for the acropine sulfate reference standard. Verify
correspondence of chemical shifts, multiplicities, and intensities
for structural verification in conjunction with KPLL findings.

levised February 20, 1390
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b. Quantitative HPLC: (Qbtain nrintouts of the peak areas for each
standard and sample as described in the data system instruction
manual. Prepare 3 standard curve from the peak areas versus
concentration of the standards

Determine the atropine sulfate concentration in the samples and
control standards using the stundard curve. If necessary, correct
any dilution aade to the sample: prior to analysis.

If the response for any of the ~satrol standards varies from the
predicted response by more than = 10 percent, then the samples
associated with that standard a-e reznalyzed.

€. HPLC Identity Confirmaticn: HPLC confirmation of the identity of
atropine suifate 1s performed by analysis under a second sat of
HPLC conditions. Compare the retantion times and relative
responses of the atropine sulfate reference standard and sample
peak for structural confirmation in conjunctiun with the rirst set
of HPLC results and MMR conclusions,

Emergencv Procedures: All personnel involved in the HML or MREF
laboratory operations, must be familiar with the respective laboratory's
FSS?, and the axergency procedures detailed within this document. Al
personiel iaveived in the King Avenue oparaticn must be familiar with HEG
H/SF B-Gl and the ewergancy procedures detailed within this document.

First Aid Procedures: First aid aad self sid at the MIAEF are to be
conducted as specified in the FSSP.

References:

1. “Assay of Formulated Atropine Solution, WR-6241AK, B107753, Lot
Mo. RU7144,° Report No. 527, Contract No. DAMD17-85-C-5141, SRI
International Projoct No. 8504, December 10, 1985.
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STANDARD OPERATING PROCEDURE
MREF S0P-89-62

TITLE: Extraction and Analysis of g 1-{2-Hydroxyiminomethylpyridinium)-2-
{3-Carboxyamido- Pyrvd1n1um)-57§bthyl Ether Dichloride (Hl-h) from
Blood Using High Performance Liquid {hromatography (HPL()

LABORATORY: MREF HML, or King Ave. SOP APPROVAL DATE: lune 18 Iggﬁz

PLACE OF OPERATION QR TEST: Any safsty approved laboratory within the
approved tacilities

This Standard Qperating 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 sooner rescinded or superseded.

Mo 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 «f this S0P will ba posted at the job site whenever the operatiocn iy
being performed.

Revised By: M/ /é«. /oS

Srgnature/Date

Timothy L. Hayes, Princiral Research Scientist
Printed Namse/Title

Approved By: (\)&&m Q \\Qo

Signature/Date N

Garrett S. 0ill, D.V.M., Manager
Printed Nase/Title

Approved By: é"g@ ; 652 22 E'Q
ignature/late

David L. Stitcher CIH, Safety/Surety Officer
Printed Name/T1tle

_APPROVED
Revised June 7, 1990 | \1&_&:28-; B
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Signature/Uate

Quality Ascurance Unit
Health and Fnvironment Group

Printed Name/ :tle

OliB il Bl e 43119
Signature/Date 7
Charles X. Burdick, Director i

Total Quality Program
Health and Environment Group

Prinved Mame/i:itle
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STANDARD OPERATING PROCEDURE 89-62

Extraction and Analysis of ¢ 1-{2-Hydroxyiminomethylpyridinium)-2-
(4-Carboxyamido-Pyridinium)-0imethyl Ether Dichloride (HI-§) from Blood
Using High Performance Liquid Chromatography (HPLC)

Statement of Work: This SOP describes the method for the determination of
g 1-(Z2-hydrexyiminomethylpyridinium)-2-(4-carboxyanido-pyridinium)-
dimethyl ether dichloride (HI-8) in whole bicod. The method incorporates
centrifugation, acidification, and liquid-li( 'id extractica for sample
clean-up. The prepared sample is analyzed by high performance liquid
chromatography (HPLC). The sample preparation and analysis methods
detailed here were developed in support of pharmacckinetics studies
performed at Battelle's Medical Research and Evaluation Facility (MREF).

Responsibility:

A1l 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 aust use personal,
protective equipment required by the Facility Safety and Surety Plen
(FSSP) while working within the MREF and develop safe work habits to
protect themselves and fellow workers from injury and to prevent dasage 2o
material, equipment, and facilities.

The organization involved in this research is the MRSF of Hattelle
Columbus Operations, 505 King Aveaue, Cojumobus, OH 43201-2893.

Materials To Be Used: Potassium phosphate dibasic, l-heptanesulfonic
acid, triethylamine, acetonitrile, chloruforw, iiopropyl alcohol, methyl
alcohol, trichlorcacetic acid, HI-§, 1,1'-methylene-bis
-[4-(hydroxyiminomethyl) pyridinium] dichloride (MMB-4), acetic acid, and
potassium hydroxide, labels, plastic-backed absorbent paper, brown paper,
and wiping tissues.

gggi¥ggggr Freezer, refrigerator, first aid kil, plastic-backed, squirt
otties, beakers, bottles, maxi-vials, pipettes, pipette bulbs, laboratory
coat, safety glasses, spatula, stainless-steel pans, glass stir rods,
syringes, needles, forceps, and latex gloves.

Hazards Involved:

1. Sclvents and Chemicils: The solvents and chemicals used in this SCP
may have nhazards associated with their use. The Material Safety Data
Sheets (MSDS) are available in the MREF office files or through
Battelle's Safety Services Department at 505 King Avenue.

SEPSCYey
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fF. Procadures:

1.

Revised

MREF Entry: Before entering the secured facility, note the status of
the "Agent-in-Use* light at the turnstile. [f the “Agent-in-Use®
lights are turned on, note the rcom 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 roow 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 problem is reported to the MREF
Manager and the operation does not begin.

Hood Set Up: The operation hood area must be prepared with all
@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, adsorbent paper must be used to protect the work
surface of the hood.

Solution Preparation:

4. Hobile Phasa Buffer: Accurately weigh 4.1 2 0.01 g
i-heptangssifonic acid, and {7.4 2 0.01 ¢ potassius phosphate
dibasic onto weighing paper. Quantitatively transfer each
chewicai into & 2-L volumetric flask containing approximately
1500 oL millipore water. Oeliver 2.31 al 2 0.01 of triethylamine
(using a 5,000-pL gas-tight syringe) to the resulting solution and
mix well. Adjust the pH of the solution to 4.1 z 0.1 with glacial
acetic acid (approximately 28 mL). Mix well and dilute to volume
with sillipore water. Filter through a 0.45 s= filter.

b. 20.0 mg/ml MMB-4 Stock Solution: Meigh 100 2 0.01 mg of neat
HMMB-4 in a weighing dish. Quantitatively transfer the weighed
saterial into a S-al volumetric flask containing approximately
2-al willipore 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.

¢. Mobile Phase Diluent with Internal Standard: Accurately measure
and dispense 525 sl MM8-4 stock solution at 20.0 mg/mL (using a
1,000 pL gas-tight syringe) into a 100-el volumetric flask
containing approximately S0 =L mouvile phace buffer. Mix well.
Dilute to volume with mobile phase butfer. Mix resulting solution
again, label and store in refrigerator until use.

June 7, 1950 AFPRCYED
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Each day tefore using diluent, remove a 15 mL aliquot and pH
solution to pH 6.2 with a solution of concentrated potassium
hydroxide (KCH) (< 0.05 alL).

Prepare the concentrated XOH solution by dispensing approximately
1 g of XKOH into a 50-mL beaker and add enousgh miilipore water to
dissolve the KOH. CAUTION: Process is extremely exothermic.

HI-6 Stock and Spiking Solutions: Two standard solutions of HI-§
are prepared for the purpose of spiking whole blood. These spiked
whale blood sumples are used as analytical standards.

(1) 10.1 mg/mL HI-6 Stock Solution: Accurately weigh 100 ¢t 1 mg
of HI-b6 on weighing paper. Quantitatively transfer the HI-§
into a 10-al volumetric flask containing approximately 5 al
sillipore water. Mix well until dissolved. Dilute to volume
with millipore water and mix again. Store the soluticn in 2
teflon lined screw cap vial and label appropriately.

(2) 0.506 mg/ml HI-6 Spiking Solution: ‘nto a 10-al volumetric
flask containing approxisately S al millipore water, deliver
500 pL o+ the 10.1 wg/ml HI-6 stock prepared in
Section F.3.d.(1) (using a 500-sL gas-tight syringe). Hix
well and dilute to volume with aillipore water. Hix on a
vortex mixer. Store the solution in a teflon Jined . rew cap
vial and label appropriazaiy.

Preparation of Acetonitrile-Iscpropyl Alcoho! (ACR-1PA} Solutioa:
Pour 200 ¢ 1 mi of spectroscopic grade 1PA into ¢ 1-iL volumetric
flask. Fill the remdinder of the volume with ACN and mix
thoroughly. Store the solution in a tefloa lined screw-cap vial
and label appropriately.

Preparation of HI-§ Analytical Standards and 3lank:

(1) 101-gg/ml Analytical Stardard: into a 13 x 100-ms round
bottcm polyprogylene test tube containing 10 2 0.1 oL of
whole blood, add 100 2 1 st of the 10.1 sg/et HI-6 stock
solution prepared in Section F.3.d.(1) using a 10G-pL gas-
tight syringe. Cap and gently mix the solution by rotating
the test tudbe end over eni for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x 9. Afier the solution has
separated use 3 micropipette to transter the tcop “clear”
plasma leyer to another 13 x 100-am test tube for extracticn.
Be careful to label the tube with the spiked concentration
and date. The samples are stored in the freezer at -20
until used.

APESC:
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$0.6-ug/mL Analytical Standard: Into a 13 x 100-mm round
bottom polypropylene test tube containing 10 = 0.1 mL of
whole blood, add 50 2 0.1 gL of the 10.1 mg/aL HI-6 stock
solution prepared in Section F.3.d.(1) using a 50-4L gas-
tight syringe. Cap and gently mix the solution by rotating
the test tude end over end for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 ain 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 saaples aire stored in the freezer at -20 C until

used.

25.3-pg/ml Analytical Standard: Into a 13 x 100-mm round
bottca pofypropylene test tube containing 10 ¢ 0.1 al of
whole blood, add 25 = 0.1 gL of the 10.1 mg/ml HI-6 stock
solution pregared in Section F.3.d.(1) using a 25-plL gas-
tight syringe. Cap and gently mix the solution by rotating
the fest 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 hag
sepacated use a micropipette to transfer the top “clear”
layer to another 13 x 100-em test tude for extraction. Be
careful to laosl the tube with the spiked cocncentration and
date. The savples are stored in the freezer at -20 C until
us&d.

10.1-sg/ml Analytical Standard: Into a 13 x 100-s= round
bottom polypropylens test tube containing 10 £ 0.1 wl of
whola blood add 10 £ 0.1 sl of the 10.1 mag/mt. HI-§ stock
solution prepared in Sectiom F.3.d.(1) using a 10-sL gas-
tight syringe. Cap and gently @ix the solution by rotating
the test tube end over end for 10 rotations. Place the
capped test tube intc & refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x g. After the solution has
separated use 2 aicropipette to transfer the top “"clear®
layer to another 13 x 100-mm test tube for extraction. B8e
careful to label the tube with the spiked concentration and
date. The samples are stored in the freezer at -20 C until
used.

S.06-pg/ml Analytical Standard: Into a 13 x 100-mm round
bottsa poiypropylene test tube containing 10 £ 0.1 ol of
whole blood, add 100 2z 1 zL of the 0.506 mg/mi HI-6 stock
solution prepared in Section F.3.d.(2) using a 100-sL gas-
tight syringe. Cap und gently mix the solutior 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

Revised June 7, 1999 APPSLey
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separated use a micrcpipette to transfer the top “clear”

layer to ancther 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

4

- used. ‘
(6) 2.53-pg/aL Analytical Standard: Into a 13 x 100-mm round v
bottem polypropylene test tube containing 10 £ 0.1 mb of D
whole blood, add 50 ¢ 0.1 gl of the 0.506 mg/mL HI-6 stock L
solution prepared in Section F.3.d.(2) using a 50-ul®gas- f

Lt L

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-mm test tube for extraction. Be

»  careful to label the tube with the spiked concentration and

» da::. The samples are stored in the freezer at -20 C until
used.

(7) 1.01-gg/mL Analytical Standard: Into a 13 x 100-mm round
bottom polypropylene test tube containing 10 ¢ 0.1 =L of

™ whole blocd, add 20 2 0.1 gL of the 0.506 mg/al HI-6 stock
solution prepared in Section F.3.d.(2) using a 25-pL gas-
tight syringe. Cap and gently mix the solution by rotating
the test tube end over end for 10 rotctions. Place the
capped tast tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x g. After the solutica has
separated use a micropipette to transfer the top “clear”
layer to another 13 x 100-tm test tube for extraction. Be
careful to label the tube with the spiked concentration and
da::. The samples are stored in the freezer at -20 C until
us -

(8) 0.506-pg/ml Analytical Standard: Into 2 13 x 100-me round
bottom poiypropylene test tube containing 10 £ 0.1 =i of
whnle hlood, add 10 ¢ 0.1 gL of the 0.5056 mg/mL HI-6 stock
solution prepared in Section F.3.d.(2) using a 10-sL gas-
tight syringe. Cap and gently mix the solution by rotating
the test tube end over ead for 10 rotations. Place the
capped test tube into a refrigerated centrifuge at 25 C and
centrifuge for 15 min at 1,500 x 7. After the solution has
separated use a micropipette to transfer the top °clear®
layer to ancther 13 x 100-nm test tube for extraction. BRe
careful to 'abei the tube with the spiked coacentration and
dat:. The samples are stored in the freezer at -20 C until
used.
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(9) 0.0-pg/mL Analytical Blank: Into a 13 x 100-mm round bottom
polypropylene test tube ccntaining 10 ¢ 0.1 aL of whole
blood, add 100 ¢ 1 sL of the millipore water used in
preparation of spiking solution using a 100 uL syringe. Cap

- and gently mix the soiution by rotating the test tube end
. over end for 10 rotations. Place th2 capped test tube into a
-5 refrigeraced centrifuge at 25 C and centrifuge tor 15 min ag

1,500 x g. After the soiution has separated use a
micropipette ta transfer the top “clear” layer to another

13 x 100-mm test tube for extraction. B8e careful to label
the tube with the sprked roncentration and data. The samples
are stored in the freezer at -20 C until used.

¢

4. Equioment Preparation:

a. Instrument Preparation: The HPLC is prepared for use with the
following recommended initial settings:

(1) Column - 15 cm x 4.6 mm inside diameter (1.0.) Zorbax LC-8
with 5 sm partial size.

(2) Guard Columm - 2 cm x 4.6 am [.D.
Zorbax LC-8 with 5 sm partial size.

f!

(3) Mobile Phase: 80 percent huffer (see Section F.3.a)
5 percent ACM-IPA myxfure (32¢ Section F.l.e)
15 percent spectroscopic grade methy!l alcokol.

(4) Mobile Phase Flow Rate: 1.5 wmli/min.

a (5) Injection Loop: 20 sL volume.
(6) Oetector Wavelength: 304 nm.
g (7) Absorhance Units Full Scale (A.U.F.S.): 0.02.
;W b. Columm Conditioning: The columm needs approximately 45 min of
¥ mcbile phase conditioning before it can be used to analyze
- samples. This conditioning insures that all stationary phase has

reacted with the ion-pair reagent.

:] c. Column Check: The integrity of the coluan needs to be checked
before samples are analyzed. The proteins and impurities in the
blood samples can adhere to the quard column's stationary phase
and frits causing a reduction in resolution. To resedy this
probiem the column must be cleaned and the guard column changed.
To determine whea these maintenance procedures need to be done a
: 25 wqg/ml HI-6 standard can be analyzed and the resolution between :

b the HI-6 and MMB-4 is determined. When reduction in resalution is 24
observed, the coluamn must either be cleaned or replaced. The

- Revised June 7, 1990
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guard column should always de replaced and conditicned without the
analytical columa in place.

S. Spiking and Extraction Procedurss: The calibration standards and

unknown samples are prepared using the same procedures detailed below.

a.

Using a 1,000-gL pipattor, place 1,000 sl of either a plasma
unknown, or calibration sample inte a prelabeled 1.5-mi
microcentrifuge tube.

Spike each microcentrifuge tube with 30 aL of a S0 percent
trichicoracetic acid solution prepared in water. Vortex mix the
solution until a milky suspension is observed. C(entrifuge the
solution for 10 min at 10,000 x g to remove the suspended material
from soiution. Remeve the clear supernatant layer using a
disposaclie transfer pipet and dispense into prelabeled 15 x 100-mm
test tube. The lower precipitate layer can be discarded at this
time,

Spike each test tuhe prepared in Section F.6.b with 250 al of
acbile phase diluent prepared in Section F.3.c using a 250-usL gas-
tight syringe and mix the solution thoroughly using a vortex
mixer.

Into ¢ich test tube prepared in Section F.6.c, dispense
S 2 G.05 st of chloroform using & ca)ibrated autopipet<or.

Cap cach tube secyrely and place into a test tube rack. Place the
r3ck of samples onto a rotating mizer and rotate the samples for
acpronimately 15 zin at 30 revoluticns per min (rpm). The
solutions will turn extremely 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 2ng continue to
operate for &n additional 45 min. This provides a 1 hr extraction
pericd.

The rack containing the tubes is removed from the rotating
extractor and the resulting soluticns centrifuged for 1 hr at
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 rot disrupted when the
centrifuge is stopping.

The clear aqueous supernatan: layer i< removed from each sample
and dispensed inta labeled autcanalyzer vials. The sample vials
are tightly capped and made ready for analysis.

Revised June 7, 1990 - ACBRyEn
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Instrument Calibration: Instrument calibration must be performed each
time quantitation of samples is required. The instrument caliraticn
is performed by injecting 20 = 0.1 gL 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
extracts are analyzed with at least every sixth sample being an
analytical standard to check the calibration of the instrument. A
complete set of analytical standards is analyzed following the last
sample. A1)l analytical standards analyzed are used tc deveicp 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 gquantitation
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.

Analysis of Analytical Blank: The analytical bilank prepared in
Saction F.3.1.9. 1s anaiyzed to determine the quality of the reagents
used, and to determine if the presence of sample matrix components
interfere with the analysis method.

Analysis of Samoles: Samples and calibration standards are aralyzed
using the sample procedures. At least svery sixch anaiysis should be
a analytical stancard or analytica! blank.

Calculations: The sample amounts are calculited using an internal
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 MMB-4 as the ordinate (y-value) and the
corresponding standard concentratica as the abscissa (x-value).

The regression model used to generate the slope, intercept, and
correlation coefficient tor HI-6 in the calibration data is:

y =bx +a
b. If 3 regression program is not available, program the following
calculaticens:
X [(2y) () - (2x) (£x9)]
(n(x") - (2x)"]
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(n(Exy)-(Ix) (Ly)]
[n(Ix2)-(£x)2]
(n(Zxy)-(£x)(Ty)]

" Tto) - () ez (y) - (5y) 201

where,

a =

r

ax + b

slope

ye-intercept

correlation coefficient
peak area

amount GD in ng

numder of replicates

SR O w
s " 9 a0

c. All data goints obtained from the analysis of the analytical
standards are used to calculate the regression model estimates.
In additicn the percent relative standard deviation (%RSD) between
replicate standards should be monitored to insure that the
instrument response dnes not change excessively during analysis.
The %RSD for any set of analytical standards should not be greater
than 10 percent. If the %RSD for any sat is greater than
1C percent, the analysis is stopped and the probiem corrected
prigr to resuming analyses. 0o not include the results of the
anelytical biank anaiyses in the calibration calculations as this
will weigh the regression toward zero.

d. Idendify the analyte and intermal standard peaks in the unknown
sample chromatograms and record each peak area. The ratio of the
analyte 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.

10. Columm Clean-Up: After each set of samples are analyzed, the column
must he cieaned to remove proteins and peptides adhering to the
staticnary phase. This is accemplished by flushing the column with a
series of sclvents over a period of time. The sequence recommended
for this clean-up is: :

Millipore water at 1.5 al/min for 60 min.
ACN at 1.5 mL/min for 10 min.
IPA at 1.0 mL/min 10 min.

APERCYen
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S0:50 [PA/chloroform ramped program
1.5 al/min - 2.0 mL/min in 10 min
- 2.0 ml/min for 50 min

IPA at 1.5 mL/min for 5 min.
ACH at 1.5 mi/min for 10 min.

11. Instrument Shut-Down: When the instrument is not Lo be used for
extended pericds of time, the system must be shut down 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 ACH wetting the stationary
phase., The column must be tightly capped during storage to prevent
solvent evaooration. The column must never be stored with buffer

remaining on the support.

TLH/tsk
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STANDARD OPERATING PROCEDURE
MREF S0P-89-64

TITLE: Analysis of g 1-{2-Hydroxyiminomethylpyridinium)-2- (4-Carboxyamido-
Pvridinium)-Dimethy! Ether Dichloride (Hi<6) and I,1 Methylene-Bis
TalHvdroxvimincmethyl)Pyridinium] Dichioride (MMB-4) Using High
Performance Liguid Chromatography (HPLL)

LABORATORY: MREF.MML. or King Ave. SOP APPROVAL DATE: June 16, 1390

PLACE OF OPERATION OR TEST: Any safety approved laboratory within the
approved faciiities

This Standard Operating Procedure (S0P) has been prepared as prescribed by
Contract CAMDL7-89-C-9050 and will be affsctive for one year frum date of
approval unless sooner rescinded or superseded.

No deviation frem this SOP will be permitted. Whenever the approved method is
changed, the SOPF wil! be revised.

Supervisory personnel will assure that all personnel involved with this SOP
have been properly trained and ‘nstructed in its provisions and attest to this
requirement Dy affixing thair signatures on page 3. |

% copy of this SOP will be pastad at the jod site wherevar the cperation is I
heing performed. /

Submitted By: '///;;é;;;/ /%f‘"- ' &/7A’4 ;{

Signature/Date

Timothy L. Hayes, Principal Research Scientist
Prigted Name/Title
Approved By: —%k\.&\ (\D\\\\ XA

Signature/Date
Garrett S. Dill, D.V.M., Manager
Printed Name/Title

Approved By: MM é//ﬁ/’/?d

N Signature/Cate /

David L. Stitcher, CIH, Safety/Surety Qfficer
Printed Name/Title
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E} Signature/QOate A
’ Quality Assurance Unit

Health and Envircnment Group
Printed Name/Title

(B K ordal ) 5o

Signature/Date

Charles K. Burdick, Qirector
Total Quality Program

Health and Environment Group
Printed Name/Title
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a I have read and understand the contents of MREF SOP-89-64. .
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STANDARD OPERATING PROCEDURE 89-64

Extraction and Analysis of z 1-(2-Hydroxyiminomethyipyridinium)-2-

(4-Carboxyamido-Pyr<dinium)-Dimethyl Ether Dichloride (HI-6) and ®

1,1'-Methylene-Bis [4-(Hydroxyiminomethyl) Pyridinium] Dichloride (MM8-4) ;
Using High Performance Liquid Chromatography (HPLC)

Statement of Work: This SOP describes the method for the determinaticn of
g 1-{2-hydroxyimincmethylpyridinium)-2-(4-carboxyamido-pyridinium)-
dimethyl ether dichloride (HI-6) and 1,1'-methylene-bis
[4-(hydroxyiminomethyl) pyridinium] dichloride /MMB-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 Evaiuation Facility (MREF). This method uses HI-6 as
the internal standard when analyzing for MMB-4 and MMB-4 as the internal
standard when analyzing for HI-6. Qnly samples coataining one of the
analytes can be analyzed using this SOP.

Resporsibility:

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 SQP. They must use personal,
protective equipment required by the Facility Safety and Surety Plan
(FSSP) while working within the MREF and develop safe work habits to
protect themselves and fellow workers from injury and to prevent damage to
matezrial, equipment, and facilities.

The organization involved in this research is the MREF of Battelle
Memorial Institute, 505 King Avenue, Columbus, OH 43201-2693.

Materials Tn 8e Used: Potassium phosphate dibasic, l-heptanesulfonic
acid, triethylamine, acetonitrile, methyl alcohol, trichloroacetic acid,
HI-6, 1,1'-methylene-bis [4-(hydroxyiminomethyl) pyridinium] dichloride
(MM3-4), acetic acid, labels, piastic-backed absorbent paper, brown paper,
and wiping tissues.

.gﬁﬁﬁg

Equipment: Freezer, refrigerator, first aid kit, plastic-backed, squirt
Botties, beakers, bottles, maxi-vials, pipettes, pipette bulbs, laboratory
coat, protective eyewear, spatuia, stainless-steel pans, glass stir rods,
syringes, needles, forceps, and latex gloves.

R T
e

Hazards Involved:

1. Solvents and Chemicals: The solvents and chemicals used in this SOP L]
may have hazards associated with their use. The Material Safety Data
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Sheets (MSDS) are available in the administrative area of the MRCF or
through Battelle's Scfety Services Department at 505 King Avenve.

Procedures:

1. Hood Set Us: The cperation hood area must be prepared with all
materials necessary to perform the operation prior to starting the
operation. All raterials will be kept behind the 8-inch line in the
hood.

Plastic-backed, absorbent pacer must be used to prutect the work
surface of the hood.

2. Solution Prenaration:

a. Mobile Phase Buffer: Accurately weigh 4.1 2 0.01 g
1-heptanesulfonic acid, and 17.4 = 0.01 ¢ potassium phosphate
dibasic onto weighing paper., Quantitatively transfer each
chemicai into a 2-L volumetric flask containing approximately
1500 mL millipore water. Oeliver 2.l mi ¢ 0.01 of triethylamine
(using a 5000-aL gas-tight syringe) to the resulting solution and
mix weil. Adjust the pH of the solution to 4.1 2 0.1 with glacial
acetic acid (approximately 28 mL). Mix well and dilute to volume
with millipore water. Filter through a .45 pm fiiter,

8. 20.0 mg/ol MM8-4 Stock Solution: Weigh 100 2 1.0 ng of neat
M8-4 ir a weigting disn. Quantitatively transfar the weighed
material into a S-wl valusetric flask coataining approximately
2-z2L millipore water. Yortex mix the solution and dilute to
vol%me with @illipore water, Stcck solution must De made up fresh
daily.

¢. Mobile Phase Diluent with MMB-4 Internal Standard: Accurately
measure and dispense 125 L MMB-4 stock soluticn at 20.0 mg/mL
(using a 250 sl gas-tight syringe) into a 100-mL volumetric flask
containing approximately SO mL mobile phase buffer. Mix well.
Dilute to volume with mobile phase huffer. Mix resulting solution
again, label and store in refrigerator until use.

d. 10.0 og/ml HI-§ Stock Solution: Accurately weigh 100.0 mg =
1.0 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. Dilute to volume with
millipore water and mix again. Stock solution must be made up
fresh daily.

e. Mohile Phase Oiluent with HI-6 Internal Standard: Accurately
measure and dispense 1,110 st of the HI-6 stock solution at

e
:
§
¥
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10.0 mg/mL (using a 1,250 4L gas-tight syringe) into a 100-mL
volumetric flask containing approximately 50 mL mobile phase

buffer. Mix well. Dilute to volume with mobile phase buffer.
Mix resulting solution again, label and store in refrigerator

until use.
H1-6 Standards: (Must be made uy fresh daily.)

(1) 100 pg/mL HI-6 Standard: Into a 10 ml volumetric flask
containing approximatelv 5 mL of the mobile phase diluent
spikad witn MMB-4 !G.3.c.), deliver 100 s] of the 10 mg/mL
BI-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 MM8-4, deliver 50 uL of the 10 mg/mL HI-6 stock
prepared in Section G.3.d. (using a 50 uiL gas-tight syringe).
Mix well and dilute to voiume with mobile phase diluent. Mix
on a vortex mixer,

73) 25 pg/mL HI-6 Standard: Into a 10 mL volumstric flask
¢containing approximately S ml of the mobile phase dilueat
spiked with MMB-4, deliver 25 aL of the 10 ag/mL HI-6 stock
prepared in Section C 3.d. (using a 25 pL gas-tight syringe).
Kix weil and dilute to volume with mobile phase diluent. Mix
on 3 vortex mixer,

(84} 10 pg/=oL HI-6 Standard: Irto a 10-mL volumetric flask
sontaining approximately 5 mL of the mchile phase diluent
spiked with MMB-4, deliver 10 uL of the 10 mg/mt HI-6 stock
prepared in Section G.3.d. (using a 10 gl gas-tight syringe).
Mix well and dilute to vclume with mobile phase diluent. Mix
on a vortex mixer,

(8) Blank: The mobile phase diluent prepared in G.3.c. is used
as the HI-6 blank.

MMB-4 Standards: (Must be made up fresh daily.)

(1) 100 pg/mL MMB-4 Standard: Into a 10 mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with HI-§ (G.3.e.), deliver 50 gL of the 20 mg/mi
M48-4 stock solution (using a 50 x1 gas-tight syringe). Mix
well and dilute to volume with mobile phase diluent.

(2) SO ug/mL MMB-4 Standar¢: Into a 10-mL volumetric flask .
containing approximately 5 mL of the mobile phase diluent
spiked with HI-6, deliver 25 sl of the 20 mg/mL MMB-4 stock

’:‘H:FFSCVEQ
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prepared in Section G.3.d. (using a 25 sL gas-tight syringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on a voi lex mixer,

(3) 20 pg/amL MMB-4 Standard: Into 3 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with HI-& prapared in Section F.2.e., deliver 10 uL of
the 20 mg/mL MM3-4 stock prepared ia Section F.2.d. {using a
10 uL gas-tight syringe). Mix well and dilute to volume with
mobile phase diluent. Mix on a vortex mixer. )

(4) 10 pg/mL MM8-4 Standard: Into a 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with HI-6, deliver 5 gL of the 20 mg/ml MM3-4 stock
prepared in Section G.3.d. (using a 10 wl 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. Egquipmen* Preparation:

a. Instrument Preparation: The HPLC is prepared for use with the
following recommended initiel sattings and conditions. These
settings and conditions are to de optimized Dy the operater prior
te instrument calibrativn and samgple analysis.

(1) Column - 15 cm x 4.5 s inside diameter ([.0.) Zorbax LC-8
with 5 pa partial size or equivaient.

(2) Guard Column - 2 cm x 4.6 = [.0. Zorbax LC-8 with 5 um
partial size.

(3) Mobile Phase: 80 percent buffer (see Section F.2.a)
15 percent Acetonitrile:lscpropanol (80:20)
5 percent spectroscopic grade methyl alcohal.

(4) Mobile Phase Flow Rate: 1.5 al/min.

(5) Injection Volume: 100 zL volume for HI-6.
30 sl volume for MMB-4.

(6) Detector Integraticn Wavelength: 304 nm.
g

b. Column Coanditioning: 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.

APPRTYSY
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¢. Column Check: The efficiency of the chromatographic system must
be checked before samples are analyzed. To determine this a
25 pg/mL 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 co.umn
should always be replacad and conditioned without the analytical
column in position to avoid contamination of the analytical

column.

Dilution of Samoles: Samples are diluted in the mobile phase buffer.
Samples having high concentrations of Hl-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 cocncentration of each sample is adjusted to
within the working calihration range. When sample size permits all
samples will be diluted using volumetric glassware. When sample size
is limited dilutions 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 dilutiocn schrme. The final concentration of the internal
:tandard in the samples will be either 111 upg/ml for HI-6 or 25 ug/mL
or MMB-4,

Instrument Calibrazion: Instrument calibration sust be performed each
time quantitation of samples is reguired. The instrument calibration
is performed by injecting the analytical standards prepared in Section
F.2.f. and F.2.9. A complete set of analytical standards is analyzed
prior to analysis of any samples. Once the initial calibration and
standards have been analyzed and the linearity confirmed, the sample
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
the analytical standards. Samples that yield responses less than the
calibration range will be reported as less than the lower quantitation
Timit. Any sample response that exceeds the largest analytical
standard will be reported as greater than the highast analytical
standard, and must be either diluted to within range or the
calibration range extended for quantification of the sample.

Aralysis of Analvtical B8iank: The appropriate analytical blank

prepared in Section F.Z.1.5.d. and F.2.9.5. is analyzed to determine

the quality of the reagents used, and to determine if the presence of N ‘
sample matrix components interfere with the analysis method. '
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Analy<is of Samples: Samples and calibration standards are analyzed
using the procedures described in Section F.5. At least every sixth
analysis should be a anaiytical standard or blank.

Calculaticns: The sample nounts are calculsted using an internal
standard method of calibraticn. The calibration data is analyzed
using a linear regression model to sstimate the parameter values for
the model.

a. Using a simple linear regression program, enter the peak area
ratio of HI-5 to MMB-4 as the ordinate (y-value) anJ the
corresponding standard concentration as the abscissa {x-value).
The regression model used to generatea the siope, intercept, and
correlation coefficient for HI-6 in the caiibration data is:

y =bx +a

b. If a regression program is not availabie, program the following

calculaticns:
. [(zy) (&)~ (zx) (Exy)]
(n(zs) - (£x)’]
(n(Lxy)~{Lxj zy)]
[n(zxt)-(zx)2]
[n(Zxy)-(£x)(y)]
re=
[(n(Ext)-(x))H(nL(y2)-(Ty)2)1]

where,

a =

= ax + b

= slicpe

s y-intercept

correlation coefficient

analyte peak area/Internal standard peak area
analyte amount in pg/al

number of replicates

SK Xy

¢. ATl data points obtained from the analysis of the analytical
standards are used to calculate the regression model estimates.
In additinn the percent relative standard deviation (%RSD) between
replicate standards should be monitored to insure that the
instrument response does not change excessively during analysis.

APSROvED
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The %RSD for any set of analytic3l standards should nst be greater
than 10 percent. If the %RSD for any set is greater than

10 percent, the dnalysis is stopped and the problem corrected
prior to rasuming analyses. Do not include the results of the
analytical blank analyses im the calibration calculations as this
will weigh the regression toward zero.

d. ldentify the analyte and internal standard peaks in the unknown
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
sampla using the formula above.

9. Column Clean-Up: After each set of samples are analyzed, the column
wust 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 recommended
for this clean-up is:

Millipore water at 1.5 al/min for 60 min.
ACH at 1.5 ml/min for 10 min.
P4 at 1.0 =l/@in 10 ain,

5G:53 IPA/chioroform ramped program
1.5 oml/min - 2.0 aL/min in 10 min
- 2.0 al/min for 50 min

IPA at 1.5 ml/min for 5 min.
ACN at 1.5 ol/ain for 10 ain.

10. Instrument Shut-Ogwn: When the instrument is not to be used for
extaended periods of time, the system must be shut down 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 staticnary
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. .

Emerqency Procedures: All personnel involved in the HML or MREF
laboratory operations, must be familiar with the respective labaratory'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 B-01 and the emergency procedures detailed within this document.
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H. First Aid Procedures: First aid and self aid at the MREF and hML arse to

be concucted as specified in the

TLH:cah
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TABLE 2. SUMMARY QF GROSS PATHOLOGY

Qrgan/lesion Animals Examined: 60
Lungs

Congestion/Hemorrhage 50
Trachea Mucosa

Congestion/Hemorrhage 6
Heart

Congestion/Hemorrhage 49
Heart Pericardial Sac

Fluid i0
Heart AV Valve

Hematocyst 1
Thysus

Congestion/Hemorrhage 12
Small Intestine

Congestion/Hemorrhage 6
Hesentery

Paragitic Cyst 1
Liver

Fibrosis, Parasitic 1
Lyqi: Node Inguinal

Abscess 1
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ELSE IF X=5 THEN CO; SUMYS=SUMY; END;
ELSE IF X=8 THEN DO; SUMY6=SUNY; EHD;
ELSE [F X=8 THEN DO; SUMY8=SUMY; END;
ELSE [F X=12 THEN 00; SUMY12=SUM?; END;
ELSE IF X=16 THEN DO; SUMY16=SUMY; END;
ELSE [F X=20 THEN C0O; SUMY20=SUMY; END;

ELSE IF X=40 THEN DO; SUMY40=SUMY; END:
ELSE IF X=60 THEN DO; SU~TS0=SUMY; END;
ELSE IF X=80 THEN DO; SUMYB0=SUMY; 7ND:
ELSE IF X=120 THEN DO; SUMY120=SUMY; ENO:
ELSE IF X=180 THEN D0; SUMY180=SUMY; END:
ELSE IF X=240 THEH co; sunv24oxsunv; END;
ELSE IF X=300 THEN DO; SUMY300sSUMY; £ND;
ELSE IF X=360 THEN CO; SLMY3G0=SUMY; END;
END;
INTAUC=SUAMY;
CALCAUC=D/V/KE;
TKA=LOG (2) /KA;
TKE=LOG(2)/KE;
TMAX=L0G (KA/KE) / (XA-KE) ;
CMAX=0/V*KA/KD* (EXP(-KE*TMAX) -EXP(-KA*TMAX}) ;
CMAX_D=CMAX/0_MG_KG;
CL=D7CALCAUC;™
AUC D-CALCAUC/D MG_KG;
DROP _TYPE_ _NAME_ ITER SuMY 0 ¥ XD;
PROC PRINT: ~
TITLE]l *SINGLE-COMPARTMENT MCDEL WITHOUT IV NOSE':
TITLE2 'PARAMETERS FOR TASY 59-06 HI-& ADMIMISTERED BY WET/DRY
AUTOINJECTOR: ANIMAL 23°;
VAR _SSE_--Y INTAUC--AUC 0;
PROC PRINT:
VAR suuvl--suuv3so;

GPTICHS L3=£0;
BATA TRUNC:
SET REG.ALLDATA;
IF CONC NE 0 AND ANLMAL=223;
PROC MEANS NOPRINT DATA=TRUNC;
VAR T;
ID ANIMAL:
QUTPUT QUT=MAX MAYsMAXT:
DATA MAX2:
SET MAX;
TYPE ='FINAL"
FROC SORT; BY TYPE ;
PROC NLIN DATASTRUNE CONVERGE=1E-2 MAXITER=100 METHOD=MARQUARDT
QUTEST=ESTINM;
PARMS A-15.99
Bx6.01
ALPHA=0.022
BETA=0.013
KA=Q.90;
AEXP=EXP(-ALPHA®();

ey o




OPTICNS LS=80;
DATA TRUNC;
SET WITORY.ALLDATA;
IF ANIMAL=23 AND CONC NE 0;
PROC MEANS NUPRINT DATA=TRUNC;
VAR TIME; ID ANIMAL;
QUTPUT QUT=MAX MAX=MAXT;
DATA MAXZ;
SET MAX; }
TYPE ='FINAL';
PROC SORT; BY _TYPE ;
PROC MLIN OATA=TRUNC CONVERGE=<lE-6 METHOO=MARQUARDT QUTEST=ESTIM;
PARMS KA=0.1221
KE=1.0188
V=380;
*  WEIGHT_=1/CCNC;
D=16000;
T=TIME;
EXPA=EXP{-KA*T);
EXPE=EXP(-KE*T);
KD=KA-KE;
MODEL CONC=D/Y*KA/KD*({EXPE-EXPA);
DER.KA=D/ (V*K3) *((1-XA/XD)* (EXPE-EXPA) +KATT*EXPA);
DER.KE=D"XA/ (V*KD) * ( {EXPE-EXPA) /KD-T*EXPE);
DER.V=-D*KA/KD* (EXPE-EXPA) /V/V;
TITLE 'SINGLE-COMPARTMENT PHARMACOKINETICS MODEL WITHOUT IV DOSE';
TITLE2 'TASK 89-06 PLASMa HI-6, ADMINISTERED BY WET/ORY AUTOINJECTOR -
ANIMAL 23';
QUTPUT QUT=WETDRY.P23 P=CONCHAT L95M=LCL U95M=UCL;
PROC SORT DATA=ESTIM;
BY _TYPE ;
PROC PRINT DATA=WETDRY.P23;
DATA EST;
SET ESTiM;
IF _TYPE_a'FINAL';
OATA RETORY.AN23;
MERGE EST MAX2; BY _IYPE_;
KD=KA-KE;
D=16000;
V_1 kg=v/1000;
D_M3_KG=D/1000;
0X=0.5;
X=Q;
SUMY =Q;
00 UNYIL(X GE 360);

* ALTERNATIVELY, THE ABOVE STATEMENT COULD READ 00 UNTIL (X GE MAXT); o
Y=0/V*KA/KD* (EXP(-KE*X) -EXP{-KA*X) ) *0X; '
X=X+0X; ¢
SUMY aSUMY+Y; L
PART=Y/SUMY: :

IF X=1 THEN DO; SUMY1l=SUMY; END;
ELSE IF X=2 THEN CO: SUMY2=SUMY; EHD;
ELSE IF Xa3 THEN 00; SUMY3a=SUMY; END; , 1
ELSE IF X=4 THEN DO: SUMY4sSUMY; E:9;

———




TWQ-COMPARTMENT PHARMACDKINETIC HODEL




BEXP=EXP(-BETA'T);
KEXP=EXP(-KA*T);
MODEL CCHC=A*(AEXP-KEXP)+8*(BEXP-KEXP);
DER.A=AELXP-KEXP;
CER.B=BEXP-KEXP;
DER.ALPHA=-A*T*AEXP;
DER.BETA=-B*T*5EXP;
DER.XA=(A+B) *T*XEXP;
TITLE *TwQ-COMPARTMENT ATROPINE PHARMACOKINETICS MODEL®;
TITLEZ 'TASK B9-06 WET/ORY TECHNIQUE - ANIMAL 23°;
QUTPUT QUT=REG.P230UT P=CONCHAT L95M=LCL U9SM=UCL;
PROC SORT DATA=ESTIM;
BY _TYeeE ;
PROC PRINT DATA=REG.P230UT;
DATA EST;
SET ESTIM;
IF TYPE ='FINAL';
DATA REG.AN23;
MERGE EST MAX2; BY _TYPE_;
0=5600000;
DX=1;
X=-1;
SUMY=(Q;
PART=];
DO UNTIL (X GE 360);
* ALTERNATIVELY, THE ARJVE STATEMENT COULD READ DO UNTIL (X GE MAXT);
X=X+0X;
YeA® (EXP{-ALPHA®Y) -ELP{-KA*X))+8* (EXP(~-BETA*X) -EXP(~KA*X));
SUMY=SUMY+Y;
PAFT=Y/SUMY;
IF Xs1 THEN D0; SUMY1sSUMY; ENO;
ELSE IF X=2 THEN DO; SUMY2«SUMY; END;
ELSE IF X=3 THEN 0Q; SUMY3~SUMY; END;
ELSE [F X=4 THEN DU; SUMY4sSUMY; END;
ELSE IF X»5 THEN DO; SUMYS=SUMY; END;
ELSE IF X=6 THEM 0O; SUMY6sSUMY; END;
ELSE IF X=8 THEM DO; SUMY8=SUMY; END;
ELSE IF X=12 THEN DC; SUMY12s=SUMY; END;
ELSE IF X=16 THEN DQ; SUMY15eSUMY; END;
ELSE IF X=20 THEN DO; SUMY20s=SUMY; END;
ELSE IF X=40 THEN DO; SUMY&QuSUMY; END;
ELSE IF X«60 THEN DQ; SUMYEQ=SUMY; END;
ELSE IF X=80 THENM DO; SUMYBQaSUMY; END;
ELSE IF X=120 THEN DO; SUMY120=SUMY; END;
ELSE IF X=180 THEN CO; SUMY18Q=SUMY; END;
ELSE IF X=240 THEN 00; SUMY24Q=SUMY; END;
ELSE IF X#300 THEN DO; SUMY300Qs=SUMY; END;
ELSE IF X=360 THEN DO; SUMY3I6Q=SUMY; ENO;
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END;

INTAUC=SUMY*DX;

CALCAUC>A/ALPHA+B/BETA-(A+B) /KA; .
Dl=A®(KA-ALPHA)+B*(XA-BETA); {
K21=((A*BETA'KA) +(B*ALPHATKA) - (A+8) *ALPHA*BETA) /D1 ; k,
KEL=ALPHA*BETA/K21; .




K1Z2ALPHA+3LTA-R21-KEL;
¥1=0/(A+8)/10CO;
Vdbeta=V1*XEL/BETA;
TBETA=LCG(2)/8ETA;

TMAX2]/ (KA-KEL) *LCG(XA/XEL);

CHAX=A® (EXP(-ALPHA®TMAX) - EXP (-KA*TMAX) ) +3* (EXP (-BETATTMAX) - EXP(~KA®TMAX) ) ;
CROP _TYPE_ _NAME_ _ITER_ SUMY DI;
PRCC PRINT;
TITLE] 'TASK 89-15: TwQ-COMPARTMENT PX MODEL FOR WET, 27 ATROPINE
TECKNIQUE';
TITLE2 'PARAMETERS FCR ANIMAL 23;
VAR _SSE_--Y INTAUC--CMAX;
PROC PRINT:
VAR SUMY1--SUMY360;
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