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In conducting the research described in this report, the investigator(s)
adhered to the "Guid: for the Care and Use of Laboratory Animals,® prepared by
the Committse on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (U.S. Department of
Health and Human Services, Puhlic Health Service, National Institutes of
Health (NIH), Publication No. 86-23, Revised 1985).

Citations of commercial organizations and trade names in this report do not
constitute an official Department of the Army endorsement or approval of the
products or services of these organization;.
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“. submitted to management and the study director as follows:

P QUALETY, ASSURANCE STATEMENT. -

e

This study was i ﬁ§Ct§d1by'thé Quality Assurance Unit.and reportéiQéreufi

Phase o ‘o Date

Catheter insertion and removal, IM injection of four
animals (1 of 4 type injectors per animal) blood

collectors, centrifugation, -and serum storage. 07/25/%0 - ‘ ’ .;f

Seteub and aoi]ysiswqfaﬁlasma samples for 2-PAM \ :u((li
analysis by spectrometric auto analyzer _ 07/31/90 5

Audit-chemistry notebook and data. © o 08/27/90 '

Stock preparation, reagent addition 09/06/90

Precipitation of antibodies g 09}07/90

Audit/atropine injector chemistry data 10/24/90 )

Audit/atropine RIA data ' 11/07/90 )

Audit/Oraft Final Report 01/03/91

Report to Study Director and Management: 7/25, 8/3, 8/27, 9/7, 10/24,
11/27/95, and 1/3/91.

T2 the best of my knowledge, the methods described were the methods followed
and the data presented accurately represent data generated during the study.

(:8;2%22422, 4427/125A424, Q/»Gb
uality Assurance Umit Date
Health and Environment Group
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GOOD LABORATORY PRACTICES COMPLIANCE STATEMENT

To the best of my knowledge, all aspects of this study were
conducted in compliance with the U.S. Food and Drug-Administration's Good
Laboratory Practices regulations (21 CFR Par. 58). This report was reviewed
by Battelle's Quality Assurance Unit to verify that the -information contained
herein accurately depicts the data collected in the study.

' C. | .
Coa Y O o

- Carl T. Olson, D.V.M., Ph.D.  Date

Study Director

-

SO

v T




‘,
D

m———
arraarmey

A

3

et

s

<~

0

N

“«

¢

RN N BN N < BB ses D i

‘4 ) 1.01NTROD'!1CTION0 . u LI I N I L I R A A ] o oi
" 2-:;EXPERIMENTALDENSIGN [ 0‘ ;G o o e v", I T I S I I

-

B B

Tk LT LN . [

- & TABUE OF CONTENTS

201 TeStAtﬁ\méB’. . .v'o DI ) ' od v o 0 . e e
Z.ZMGtEN‘QIS al\d "&thOdS. ® 0 6 8 s 0 s 6 0 b e 0 t . o N

eren

x

2-3 PhéMlCOkiﬂetic Ana‘ySQSo s e b . v b 0 e e W e e s
BGORESULTSOQ‘ O‘Q|>’Q‘.OOQOO0.0QQ.ODOOQQO

3.1Chemtstt‘y.‘.....a...-.....q‘...

-
.
L]
.
-
-

3.2 Pharmacokinetics. . I I A S R P S S OO
3.3 Statistical Analyses, . . . o i 000 e e e
3.3.1 2-PAM Pharmacokinetics. o o o o v v v e v v e v s un
3.3.2 Atropine Pharmacokinetics . « « « o« o o ¢ o ¢ s 0 s 0 0 0. 22
4.0 CONCLUSIONS « = ¢ v ¢ o v ¢ o s ¢ 6 o s o o s o s 0 a0 vesossass 34
5.0 RECORD ARCHIVES + 4 « 4 v o 4 e v o o n o se s o noonononss 36
6.0 ACKNOWLEDGMENTS & &+ v v e o v v v v vs s e oo nnnonansss 37
7.0 REFERENCES. « « o v ¢ o % o o s s ¢ 0 o o o0 s ; P 1|
. APPENDIX A
| Protocols
APPENDIX 8
S0PS
APPENDIX C
Pharmacokinetic Analysis Data for Individual Animals
APPENDIX D

Sample Pharmacokinetic Modeling Program Used in Analyses

>
.
.
.
-
L]
L 4
.
W W P B s N




. A . A 7 - Sy
- N
ii - , . R
. e,
>

~ Table' .- Treatment Schedule e e e e e e e .'. Ce e e

'Tgblewzg Chemlcal Analyses for Atropine and 2:PAM Content of
T Autoinjector Systems . . o L L e e s e e e e

Téblgiéﬁ_fé 2:PAN PharmacoKinet ic Parameteis AUCy . 2i00 'Cm. and- t,, -
Vot 'Derived from Empirical Data. « v v v v o v 0 b e e e e e e 42

Table 4. 2-PAM Pharmacokinetic Parameters A, B8, a, 8, and k, from
a Two-Compartment Model. . . . . v v v ¢ 5 v v v v v v o v oo 13

'Table 5. 2-PAM Pharmacokinetic Parameters Calculated from-A, 8, a, 8,
and k, Based on Two-Compartment Model. . . . .. ... ... . 14

Table‘s. Assessment of Cir?y-Over Effects for 2-PAM Pharmacokinetic
¥ P‘rameters . L] L I * L] * L L] * » * L[] * * » . . L] ﬁ' L] * L] L] L[] + 18

Table 7. Summary of Statistical Analysis of Autoinjector, Animal to
- Animal, and Week of Testing Variability for 2-PAM
Pharmacokinetic Parameters . . « . ot o ¢ 0 s e b e e e e .. 19

" lable 8. Atropine Pharmacokinetic Parameters AUC, . 300 Coax» 3Nt
: Derived from Empirical Data. . . . . ... v v oo oo, 2%

Table 9, Atropine Pharmacokinetic Parameters A, B, @, 8, and k, from
. Two-Compartment Model. . . . . . ... v v v v v v 25

Table 10. Atropine Pharmacokinetic Parameters Calculated from A, B8, a, 8,
. and k, Based on Two-Compartment Model. . . . .. ... . ... 26

Table 11. Assessment of Carry-Over Effects for Atropine Pharmacokinetic
Parameters . . . & v v o v b e e vt e e s s e e e s e e s s 31

‘Table 12. Summary of Statistical Analysis of Autoinjector, Animal to
- Animal, and Week of Testing Variabllity for Atropine
Pharmacokinetlc Parameters . . . . . v v e e s e e e e .. 32

PR TR o AR




Figure 1.

Figure 2.
"Figure 3.
Figure 4.
Figure 5,

Figure 6.
Figure 7.
Figuré 8.

LisT OF FIGURES

Mean Plasma 2-PAM Concentrations Following Injection of
Eight Sheep Using Four Different Autoinjectors. . . .. ..

Plot of Model-Based AUC Against Empirical AUC for 2-PAM . .
Plot of Model-Based C,,, Against Empirical C,,, foi¥ 2sPAM .
Plot of Model-Based t,,, Against Empirical t,,, for 2-PAM .

Mean Serum Atropine Concentrations Following Injection of
Eight Sheep Using Four Different Autoinjectors. . . .. ..

Plot of Model-Based AUC Against Empirical AUC for Atropine.
Plot of Model-Based C,,, Against Empirical C,,, for Atropine
Plot of Model-Based t,,, Against Empirical t,, for Atropine

A d

10
15
16
17

23
27
']
29




TASK 90-15: CROSSOVER COMPARISON OF THE PHARMACOKINETICS
' OF ATROPINE AND PRALICOXIME CHLORIDE IN THREE
MULTICHAMBERED AUTOINJECTOR SYSTEMS AND THE MARK I

1.0 INTRODUCTION

The U.S. Army Medical Materiel Development Activity (USAMMDA) is
currently evaluating candidate multichambered antidote autoinjector systems in
order to select one.to replace the Mark [ (MKI) as a field treatment for nerve
agent intoxication. USAMMDA requires information on the comparative
pharmacokinetics of the two active components, atropine and pralidbxime
chloride (2-PAM), following injection with the multichambered systems to
select the one autoinjector optimal for further development. The objective ~f
this task was to determine, in compliance with the Food and Drug
Administration's Good Laboratory Practices (GLP), the pharmacokinetics of
atropine and 2-PAM in sheep vhen delivered using either of three candidate
autoinjector systems or the MKI. The experiment was designed as a crossover
study, with each of eight sheep receiving atropine and 2-PAM delivered by each
of the four autoinjector systems with at least a one-week washout period
between i.jections.

2.0 EXPERIMENTAL DESIGN

2.1 Test Animals

Sheep were used for this study'because of similarities with man in
body weight and because sheep have been used in similar pharmacokinetic
studies with intramuscularly (IM) administered drugs.(®:% Approximately
1-year-old wethers of Rambouillet-Columbia breeding were obtained from
Thomas D. Morris, Inc., Reisterstown, MD. All sheep had serology performed
prior to shipment tec Battelle's Medical Research and Evaiuation Facility
(MREF) and were negative for antibody titers for the Q fever causative
organism, Coxiella burnetii. Upon arrival at the MREF, sheep were examined by
a veterinarian, and blood and fecal samples were obtained for clinical
nathological and gastrointestinal parasite evaluations. Sheep were held in
quarantire for a minimum of seven days prior to use in the study. All animals
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- :were tagged in the ear to retaan positlve ident!ficataon. and were. malntained

- West Jefrerson‘water system ad’ 1191;gg The. water..is analyzed quarterly for

-straw bedding in animal rooms kept at 65 15 F with a relative humidity of

‘deliver 600 mg 2-PAM in an approximately 2 mL volume, was used as a standard.

in an outdoor fenced area with available shelter-until brought ‘into :the
1aboratory for experimentation: Sheep were fed Purina Rumﬂabo with lxmlted
quantities of locally purchased hay.’ Vater was supplied from Battelle's \ T

potability, and annually for contaminants. ‘No contaminants which would
interfere wtth the results of the study are known to be: present in the water ' “;1
or feed. o

Sheep were shorn, brought into.the Taboratory, and maintained on

50 20 percent. Fluorescent lighting with a Yight/dark cycle of 12.hr each
per day was used, Sheep were acclimated to placement in a sling suspended
from a stand for a minimum of 20 min per day for two days prior to
experwmentation, and they routine]y adapted rapidly to this method of
restraint, At the start of the study, the sheep weighed between 65 and 81 kg
and appeared to be in gdbd physical condition,

2.2 Materials and Methods
Three candidate multichambered autoinjectors containing atropine and
2-PAM and the fielded MKI autoinjector system were provided by USAMMDA. The
MKT autoinjector system (Lot RUB243/RU7213), consisting of two separate

injectors - an atropen which is designed to deliver 2 mg of atropine sulfate
equivalents in an approximately 0.7 mL volume and a 2-PAM injector designed to

One of the multichambered autoinjoctors was a dispersion model (MCA; Lot
RD1071) designed to deliver both 2.mg atropine sulfate equivalents and 600 mg
2-PAM in a single injection of approximately 2.7 mL. The.other two candidate
multichambered autoinjectors (MCA-A, Lot FOMIOCOSR and MCA-B,

Lot FDM90CO8P) were also designed to deliver amounts of atropine and 2-PAM
similar to that of the MKI in single injections of approximately 2.7 mL.
Contents from samples of each autoinjector type were analyzed to confirm
identity and quantitate the amount of atropine (MREF SOP-89-55) and 2-PAM .
(MREF SOP-88-39) delivered by each system. All autoinjectors were weighed
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arior to use, and again aftler injections were made; to‘confirm~delﬁvéry of xhg

au;oxn*actor contents. . “:
On each day. of study, four sheep were restralned in ny]on web slanSQQW,
suspended from metal stands. Sheep were given atroplne/Z-PAM IM inthe

- anterior Iateral ared 'of the right thigh, in the area of the vastus 1ateralis o
" head of the quadrtceps femoris muscle, dosing one sheep: wlth each autornJector“‘ o

system edch day Ten-mL blood samples were taken from a jugular vein through
an indwelling catheter (French 8 Catheter Sheath Introducer System, Cordis 0
Corp., Miami, FL) or with a disposable 10-mL syringe and 18-ga 1,57inch-need]éy
(Bécton 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 sheath assembly would collapse and become
crimped whenever an animal turned his head to the side. The vessal dilator

- was loosely fixed in place with a stay suture placed in the skin, and a three-

way stopcock was attachéd to the catheter. Blood samples were taken prior to:
injection of atropine/2-PAM and at 1, 2, 3, 4, 5, 6, 8, 12, 15, 20, 40, 60,
80, 120, 180, and 240 r.in after injection. Seven-tenths mL of heparinized
physiologic saline (30 units/mL) was used as a block in the three-way stopcock
and indwelling catheter to prevent clotting of blood during the longer
intervals between blood collections. The heparin block was removed by
withdrawing a l1-m. volume before drawing the 10-mL blood sample for analysis.
Five mL of the 10-mL blood sample drawn using a 10-mL disposable syringe was
immediately placed in a prelabeled, heparinized glass vacutainer® (Becton
Dickinson). The other 5 mL was placed in a prelabeled 13-mL polypropylene'
tube with cap. This tube was placed on its side and the blood allowed to clot
at rcom temperature for at least 1 hr. Sheep were removed from slings after
the 120-min blood samples were.drawn and allowed access to feed and water.
Catheters were left in place until after the 4<hr blood samples were drawn.
The heparinized blood samples were transferred to labeled
polypropylene tubes arnd centrifuged at approximately 1,500 X G for 15 min.
Then the plasma was removed with pipettes, put into labeled polypropylene
tutes, and frozen at approximately -70 C until assayed for 2-PAM. Analyses
for 2-PAM concentration were conducted at the MREF using an ultraviolet
spectraphotometric technique with a Technicon’ (Tarrytown, NY) autoanalyzer

P R
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'E’b " '(MRE? S0P-88-50) . After the ‘blood samplﬂs in ‘the: non-hepar1nized tubes had
v cTotted the blood clots were gently separated.from the sidés of thestubes
with applicator sticks: The tubes were then centrlfuged at approxtmate1y
800 X G for 15 min and the serum was p\petted iqto labe!ed polypropylene tubes
: and frozen at approximately -70 C. Serum: samplesmwere“hand-carr\ed €0 the.
¢ laboratory of Or. Larry Miller at Battelle's Colunbus:site for determination: ’
of atropine concentrations’ using radioimmunoassay (RIA) techniques ‘ *’. L
(SOP- Number: TOX VI-013-00). - o B
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2.3 Pharmacokinetic Analyses-

i

The study used a Latin squares design-which was balanced for
sequence of injection, day of testing effects, and residual effects. The
sequence in which sheep received injections is.given in Table 1. Once blood
concentrations of stropine and 2-PAM were determined, concentrations as a
function of iime. maximum concentrations, times to maximum concentrations,
areas under the blood concentration-time curves from 0 to 240 min, absorption
and elimination rate constants, and apparent volumes of distribution were
estimated using the pharmacokinetic model which best represented the data.

TABLE 1." TREATMENT SCHEDULE

Sheep Number

87 127 93 104

Day 1 MKI MCA MCA-A MCA-B

Day 3 WA MCA-A MCA-B MKI

Day 5 MCA-8 MKI MCA MCA-A

Day 7 MCA-A MCA-B MKT MCA -
117 129 116 123

Day 2 MKI MCA MCA-A MCA-B -

Day- 4 MCA-B MKI MCA MCA-A

Day 6 MCA MCA A MCA-B MK1

Day 8 MCA-A MCA B MKI MCA
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Sixty-four separate pharmacokinetic analyses were performéd - serﬁm
atropine following use of each of the four autoinjector systems in eight
sheep, and plasma 2-PAM for each autoinjector used in eight sheep. -Although.’ . .
blood sampling times were established, it was not always possible to draw
samples exactly at desired times, usually because of 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 1imit of reliable quantitation, were considered as zero
for the pharmacokinetic anmalyses. The quantifiable limit for 2-PAM was
0.3 ug/mL and values below this concentration were also considered as zero for
pharmacokinetic analyses. : '

Statistical analyses of the pharmacokinetic data were accomplished
to determine if any significant differences existed among the 2-PAM and - |
atropine pharmacokinetic parameters estimated for the four different
autoinjectors. Empirical data for C,, t,..,, and AUC,,.,,, 1.e., the actual
highest blood concentration measured, the actual sampling time of this highest
concentration, and the area under the measured blood concentrations over time
curve to 240 min derived by the trapezoidal method, as well as pharmacokinetic
parameters predicted by models were statistically evaluated. The correlations
between empiric and model estimates were determined to assess the "goodness of
fit" of the models. '

Pharmacokinetic parameters were analyzed to determine if there were
any'effects due tu autoinjector or week of testing, and to assess the
variability in the pharmacokinetic parameters among the animals. Experiments
in which the same animals are tested on multiple occasions using different
treatment regimens on different testing days are called crossover designs.

By using a crossover design, comparisons between the pharmacokinetic

pirameters across autoinjectors can be made on an individual animal basis.
Controlling for the animal-to-animal variability by using each animal as .its
own control provides more precise comparisons across the autoinjectors.
Special considerations may arise because the effects of a treatment
administered in one test perind may carry over to the next test period (residual
effect). Therefore, an animai's blood levels may be affected directly by the
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most recent treatment and also §y 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 crossover designs was
carried out for each empirical and modél-based estimated pharmacokinetic
parameter to assess the statistical significance of the effects of interest.
The .effects included in the analysis of variance are given in the following
equation for a generic pharmacokinetic parametef Y.

Y = p+B+y+tep+e

where i = average value of the pharmacokinetic parameter,
B = effect of animal,
y = effect of week of testing,
T = direct effect of the autoinjector used that week,

p = residual effaect of the dose injected in the preceding
week of testing, and

¢ = uncontrolled variation within an animal.

3.0 RESULTS
3.1 Chemistry

Results of chemical analyses for atropine and 2-PAM content from
three injectors of each autoinjector system are presented in Table 2. 2-PAM
content exceeded 600 mg in all systems, but atropine content averaged 1.73 mg
in the MKI, 1.95 mg in the MCA, 2.09 mg in the MCA-A, and 2.12 mg in the
MCA-B.

B e T
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TABLE 2. CHEMICAL ANALYSES FOR ATROPINE AND 2-PAM

CONTENT OF AUTOINJECTOR SYSTEMS

Atropine Analyses:

Expected 2.0 mg atropine sulfate equivalents in each syringe.

Lot No. Measured  Measured Atropine

(Date of Volume  Concentration Sulfate
Syringe Type  Manufacture) (mL) (mg/mL) Equivalents (mg)
MKI (A138) - RU7213 0.685 2.43 1.66
MKI (A142) - (9/85) 0.660 2.33 1.5 -
MKI (A167) 01670 2.97 1.99
MCA (08) RD1071 2.85 0.67 1.91
MCA (20) (5/90) 2.80 0.72 2.02
MCA (31) 2.80 0.69 1.93
MCA-A (06A) FDMIOCO9R 2.70 0.79 2.13
MCA-A (18A (379/90) 2.80 0.73 2.04
MCA-A (38A 2.70 0.78 2.11
MCA-B 2383' (3/9/90) 2.78 0.79 2.20
MCA-B (378 2.65 0.78 2.07
2-PAM Aralyses:
Expected 600 mg 2-PAM in each syringe.

Lot No. Measured Measured

(Date of Volume Concentration ~ 2-PAM
Syringe Type  Manufacture) (mL) (mg/mL) (mg)
MKI (P134 RUS243 1.98 325.5 644
MKI (P155 (9/85) 1.93 326.0 629
M1 (P190) 2.00 325.4 651
MCA (08) i RD1071 . 2.85 249.2 710
MCA (20) . (5/90) 2.80 237.9 666
MCA (31) 2.80 241.1 675
MCA-A (0GA) FDMGOCO9R 2.70 235.9 637
MCA-A (184) (3/9/90) 2.80 224.0 627
MCA-A (38A) 2.70 235.9 637
MCA-B (128B) FOMg0C08P 2.65 234.6 622
MCA-B (23B) (3/9/90) 2.78 236.5 657
MCA-B (378) 2.65 235.1 623
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Mean concentration values for all sheep at all time points in a
pharmacokinetic evaluaticn for each autoinjector system were graphed using a
personal computer to determine the type of model best fit by the data and to -
determine 1nitia1 estiwates, or "seed" values, for parameters of that model,
Mean data best ..t a two-compartment model for both atropine and 2-PAM,
although in some an1mals. especially with atropine, a one-compartment mode]
could have been used.

Parameter: estimated were A, B, a, 8, and k, in the following
equation:

C(t) = A(e™-e*s) + Beeke, ' (1

where C(t) is the serum concentration at time t after dosing, A is the
y-intercept of the pecints in the distribution or the fast composite rate phase
regressed to time zero, @ is the slope of this distribution or the fast
composite rate phase line, B is the y-intercept of the points in the
elimination or slow composite rate phase regressed tc time zero, and 8 is the
slope of this elimination or slow rate composite phase line; k, is the first
order rate constant for appearance of a drug in the systemic circulation.

Equation (1) is derived from the following more commonly used
equation for a 2-compartment model.

C(t) = Ac™ + Be® . Ke'®s, [¥))

where k is equal to k, ir equation (1). By definition, K= A +8 (att =9,
the amount of drug in the body, C(0), equals 0). Therefore,
C(t) = Ae™ + Be® . Kekt =

Ae® + Be® + (-A-B)eket =
Ae®t . Aeket 4 BeBt . Beket =

Ae*t-eke) + BeBt-eke)
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After obtaining the initial parameter estimates for each sheep, the
data were transmitted to a VAX mainframe computer for more precise estimation
of the same parameters using the Statistical Analysis System (SAS; Cary, NC)
NONLIN regression procedure, and for calculation of the f_onowing:

Coax = Peak or maximum concentration (ng of atropine/mL or ug of
2-PAM/mL)

» A(e‘“un.e"‘.'nx) + B(Q’B'nx.e"‘a‘nx).
twx = time after dosing when C(t) was maximum (min)

= (/K )V (kk)

AUCy,, = area under the drug concentration versus time curve from
t = zero to t = 240 min (ng of atropinesmin/mL or ug of
2-PAMsmin/mL)

239

= % Clty) + % C(t) + % Cltasg) by the trapezoidal rule
{s4

kg = the first-order rate constant for drug elimination by
all routes (min'")

afB[A(k,-a)+B(k,8)
ABk,+Bak,(A+B)af

Vi = overall apparent volume of distribution of a drug that
obeys two-compartment model kinetics as calculated by the
area method (L)

A sample of the computer program used is included in Appendix D.
isti Anal

3.3.1 2-PAM Pharmacokinetics

Measured 2-PAM plasma concentrations for each animal at each time
point for all four autoinjector systems and pharmacokinetic parameters are
presented in Appendix C. Figure 1 is a graph of mean plasma 2-PAM
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concentrations over time following injection of eight sheep using each of ihe

. four autoinjec{ors. Empirically derived values of the 2-PAM pharmacakinetic

parameters AUCy .00 Coger 3nd t,, are presented in Table 3. 2-PAM
pharmacokinetic parameters calculated from the two-compartment model are shown
in Tables 4 and.5. Model-based estimates of AUC.pgr Cpex» aNd t,,, are plotted
against the empirically determined values in Figures 2, 3, and 4, Thre plots
demonstrate that strong linear relationships exist between model-based and
empirically determined values. Correlations were determined to be
statistically different (at the 5 percent significance level) from zero for
all three parameters, Correlations calculated between the two sets of
estimates are: -

Parameter __ .n_ Correlation  P-valye
AUCoqe 32 0.996 0.0002
Coux 32 0.997 0.0001
toae 32 0.957 0.0003

A hypothesis test was conducted for each pharmacokinetic parameter
to assess the statistical significance of any residual effects; results are
shown in Table 6. Residual effects were determined to be statistically
insignificant for all but one of the parameters analyzed, empirically
estimated C,,, (P = 0.04). Considering the number of parameters analyzed, the
marginal significance of one out of ten parameters is compatible with what may
result from random chance. Therefore, residual effects were dropped from the
model, and a second analysis of variance was carried out to assess the effects
of autoinjector, animal-to-animal variability, and week of testing.

Table 7 summarizes the results of the statistical aﬁa!yses and
hypothesis testing for autoinjector, animal-to-animal, and week of testing
variability. The average values of the pharmacokinetic parameters estimated
for each of the four autoinjectors are shown in the second through fifth
columns of the table. Because the experiments were balanced across
autoirjector systems, the standard errors of the averages are identical for
each of the autoinjectors. The standard error of the average pharmacokinetic
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using tﬂe trapezoid method; C

and i,,,
concentration.

TABLE 3. 2-PAM PHARMACOKINETI PARAMETERS AUC 28
Cugs 30 e DERIVED® FROM EMPIRICAL DATA

Test ~ Auto | L t
Animal Week Injector. . (pg-m1n/mL) (pg}bL) (min)
87 1 MKI §35.6 6.69 6.0
2 MCA . 500.8 7.59 6.0
3 , MCA'B . 46003 8061 500
4 MCA~A 413.4 8.07 5.0
a3 1 MCA-A 649.5 9.14 5.0
2 ~ MCA-B 645.8 - 10.36 8.0
3 "MCA 505.6 4,18 40.0
4 MKI 574.0 8.09 12.0
104 1 . MCA-B 478.2 £.10 5.0
2 MKI 486.7 4,72 20.0
3 MCA-A 455.6 5.92 5.0
4 HQA 526.7 6.25 16.0
116 1 MCA-A 501.2 8.96 6.0
2 MCA 571.9 9.71 12.0
3 MCA-B 462.0 7.77 8.0
4 MKI. 526.0 7.89 16.0
117 1 MKI 550.8 7.20 8.0
2 MCA-B 645.1 10.40 8.0
3 MCA 528.9 6.70 12.0
4 MCA-A 568.2 9.40 5.0
123 1 MCA-B 838.3 14.97 6.0
2 MCA-A 729.4 13.09 6.0
3 MyY 706.5 14,22 6.0
4 MCA 763.9 15.03 5.0
127 1 MCA 584.9 3.57 61.5
2 MCA-A 501.2 10.61 6.0
3 MKI 444.8 6.58 16.0
4 MCA-B 472.4 11.06 4.0
129 1 MCA 595.4 4.66 20.0
2 MKI 641.3 7.62 6.0
3 MCA-A 665.1 10.64 8.0
4 MCA-B 558.9 6.00 20.0
(@ AUC, _ oy was calculated from the observed 2-PAM concentration-time curve

is the maximum observed concentration,
is the time point correspondlng to the maximum observed
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TABLE 4. 2-PAM PHARMACOKINETIC PARAMETERS A, B, «a, B
AND k, FROM TWO-COMPARTMENT MODEL

Test Auto : k,

. Animal Week  Injector A 8 « .} (mint)
87 1 MKI 1.20 5.5% 0.0115 0.0114 0.842
2 MCA 26.43 6.98 0.1459  0.0141 0.202

3 MCA-8 17.40 7.55 0.2106 0.0171 0.345

4 MCA-A 31.93 6.66 0.2093  0.0170 0.283

93 1 MCA-A 7.87 3.23 0.0228  0.0095 0.460
2 MCA-B 7.87 3.95 0.0220  0.0132 0.577

3 MCA 25.63 1.53 0.0239  0.0040 0.034

4 MKI 0.74 10.08 0.0035  0.0205 0.246

104 1 MCA-B -0.06 5.70 0.0023 0.0103  0.528
2 MK1 4,73 13.98 0.0087 0.0619  0.085

3 MCA-A - 16.06 5.96 0.2349 0.0124  0.292

4 MCA 0.64 7.10 0.0159  0.0134 0.277

116 1 MCA-A 32.05 7.31 0.1755  0.0158  0.247
2 MCA 21.10 6.29 0.0869 0.0129 . 0.182

3 MCA-B 7.06 5.81 0.0908 0.0156  0.263

4 MKI 9.15 4.60 0.0423 0.0113 0.178

117 1 MKI 5.07 3.38 0.0258  0.0081 0.532
2 MCA-B 11.61 0.83 0.0236 0.0016  0.483

3 MCA 13.36 5.96 0.1022 0.0110 0.172

4 MCA-A 34.51 6.67 0.1526 0.0125 0.223

123 1 MCA-B 16.13 6.16 0.0527 0.0094 0.328
3 MKI 98.28 7.30 0.1287 0.0121 0.166

4 MCA 31.10 10.69 0.1334 0.0157 0.254

127 1 MCA 8.37 6.68 0.0152 0.0074  0.021
2 MCA-A 8.15 7.13 0.0892 0.0164  0.468

3 MKI © 8.20 0.58 0.0231 0.0008 0.284

4 MCA-B 37.94 8.17 0.1827 0.0196  0.268

129 1 MCA -2.31 8.16 0.0174  0.0095 0.132
2 MKI 5.24 7.82 0.2266 0.0114 0.394

3 MCA-A 56.44 8.17 0.1326 0.0130 0.172

4 MCA-B .~4,94 8.72 0.0800 0.0136  0.461
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2-PAM PHARMACOKINETIC PARAMETERS CALCULATED FROM A, B, a, 3,
AND k, BASED ON TWO-COMPARTMENT MODEL

Animal Injector (min™') (ugsmin/mL) (ug/ml) (L)
87 1 MKI 0.011 545.0 6.27 5.2 89.0
2 MCA 0.027 495.3 7.62 11.5 . 18.0
3 MCA-8  0.031 444.2 8.31 7.7 24.0
4 MCA-A  0.036 401.3 7.70 8.4 15.5
93 1 MCA-A  0.016  623.0 9,28 1.5 54.1 91.5
2 MCA-8  0.018 621.8 10.18 6.2 50.8 69.0
3 MCA 0.014 498.0 4,04 45.2 22.1 74.4
4 MKI 0.015 563.4 8.02 12.1 55.5 1.0
104 1 MCA-B8  0.011 485.8 5.11 7.5  106.4 110.2 .
2 MK 0.015 482.4 4.54 25.0 32.1 7.6
3 MCA-A  0.019 449.0 5.60 10.1 27.2 41.0
4 MCA 0.014 518.8 6.30 11.4 77.5 78.5
116 1 MCA-A  0.033 474.7 8.58 9.4 15.2 32.0
2 MCA 0.029 §56.6 9.76 12.0 21.9 49.4
3 MCA-B  0.024 451.9 7.68 10.0 43.2 66.2
4 MKI 0.021 §19.5 7.85 13.7 43.7 79.9
117 1 MKI 0.014 538.6 7.22 7.1 71.0 .6
2 MCA-B  0.012 628.6 10.18 7.8 48.2 .2
3 MCA 0.020 §21.2 6.53 14.3 31.0 .3
4 MCA-A  0.030 548.4 8.89 10.4 14.6 .9
123 1 MCA-B8  0.022 822.3 14.56 8.8 26.9 .5
2 MCA-A  0.022 713.1 12.78 8.2 30.9 .0
3 MKI 0.039 695.4 13.07 11.4 5.7 .5
4 MCA 0.033 733.8 14.34 9.2 14.4 .3
127 1 MCA 0.009 §82.4 3.47 69.8 39.9 g
2 MCA-A  0.027 485.2 10.26 6.4 39.3 )
3 MKI 0.008 449.3 6.44 13.0 68.3
4 MCA-B  0.044 447.4 10.36 8.1 13.0
129 1 MCA 0.008 596.5 4.72 22.5  102.7
2 MKI 0.014 632.8 7.39 8.7 45.9
3 MCA-A  0.030 €50.5 10.21 12.3 9.3
4 MCA-B  0.008 545.2 5.25 9.0 .58.7
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effects is significant and yet the multiple comparison procedure fails.to
identify significant differences between any two autoinjector means. Multiple
comparison tests identified significant differences between average values of
empirically estimated t,,,, and model-based k, for specific pairs of
autoinjectors. For empirically estimated t_,, the MCA-A group mean was
significantly less than the MCA group mean. For k,, the MCA-B group mean was
significantly greater than the MCA group mean.

The variations in the pharmacokinetic parameters over the four -weeks
of testing were determined to be statistically insignificant for all but two
of the parameters, empirically estimated and model-based AUC,.,,. There was
no observable trend in AUC,.,.,, however, over the weeks of testing, i.e.,
average weekly 2-PAM AUC,,,,, neither consistently increased nor decreased.

The between animal variance component was determined to be statistically
significant for both the empirically estimated and model-based parameters
AUCy.5 and C,, . These animal effects were strongly influenced by the effect
of animal 123, which achieved higher 2-PAM blood concentrations than other
animals for all four autoinjectors..

Analyses of variance and multiple test comparison results for the
2-PAM pharmacokinetics parameters may be summarized as follows:

(1) Autoinjector effects were statistically significant for
empirically estimated C,, and t_,, and model-based t,, and k,.
Autoinjector effects were marginiﬁly sign1ficant for model-
based C,,.

(2) Effects of test week were not significant for eight of ten
analyzed parameters. Effects of animal-to-animal variation
were significant for four parameters, empirically estimated and
model-based AUC,.,.o and C,,,, largely due to the efféct of one
animal which had consistently higher maximum concentrations
than other animals.

(3) The MCA-B autoinjector group mean was the highest for k., one
of the two highest for both empirical and model-based C < and
the shortest for model-based t . . The MCA group mean k Was
less than half of that estimatea for the other groups, ind the
MCA mean (empirical and model-based) t,, was twice as long as
that estimated for the other groups.
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TABLE 6. ASSESSMENT OF CARRY-OVER: EFFECTS -FOR

2-PAM PHARMACOKINETIC PARAMETERS

Parameter F-Value P-Value
Emgiric;llx“) Derived Parameters
AUCq . 249 1.19 0.35.
Cou 3.56 0.04
tous 1.47 0.26
Mode1® Based Parameters

K, 1.08 0.39
K, 0.62 0.61
AUC, . 240 0.88 0.7
Core 3.1 0.06
toun 1.37 0.29
v, 1.87 0.18
Ve, 1.08 0.39

() perived from observed 2-PAM concentration-time curve.
Two-compartment model.

P
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parameter for each autoinjector is displayed in the sixth cdlumn of the table.
For each pharmacokinetic parameter, a statistical hypothesis test was
performed to determine if the effect of autoinjector.was statistically

significant. The value of the F tests and their observed significance levels

are given in the next ‘two columns of the table.
The component of variation due to the effects of different animals
was estimated for each pharmacokinetic parameter. The estimates of the

‘between animal variance components (qﬁ) are displayed in column nine of

Table 7. Negative estimates ¢i the variances were reported as zero. To
assess the magnitude of the animal to animal variability, the between animal
variance components were statistically éompared to the variance component
estimated for the variability within animals (cﬁ). Ratios of the two variance

components, and statistical significance levels for the between animal

-variance component are contained in the tenth and eleventh columns of the

table. For each pharmacokinetic parameter, a statistical hypothesis test was
performed to determine if the effect of week of testing was statistically
significant, The value of the F tests and their observed significance levels
are displayed in the last two columns of the table.

Autoinjector musn values were statistically different (ag the
§ percent significance level) for the empirically estimated parameters C
and t,,, and for the model-based parameters t_, , and k,. Autoinjector effects
were marginally significant for the model-based estimated C_, (P = 0.067).
The analysis of variance F-Test for autoinjector effects compares the
parameter variability betweer autoinjector group means to the variability of
that parameter within each autoinjector group to determine if differences
between autoinjector group means are statistically significant. While the
F-test may determine that the four autoinjector group means are significantly
different from one another, it will not identify the manner in which group
means are different. Therefore, multiple comparisons were performed {(at the
5 percent significance level) to determine which pairs of autoinjector group
means were statistically different using Tukey's Studentized Range Test.‘“
Because this procedure appropriately adjusts significance levels to compensate
for the simultaneous hypothesis testing for all six combinations of two
autoinjector group means, situations arise where the F-Test for autoinjector
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effects is significant and yet the multiple comparison procedure fails.to
identify significant differences between any two autoinjector means. Multiple
comparison tests identified significant differences between average values of
empirically estimated t,,,, and model-based k, for specific pairs of
autoinjectors. For empirically estimated t,, the MCA-A group mean was
significantly less thanthe MCA group mean. For k,, the MCA-B group mean was
significantly greater than the MCA group mean.

The variations in the pharmacokinetic parameters over the four-weeks
of testing were determined to be statistically insignificant for all but two
of the parameters, empirically estimated and model-based AUC,.,,. There was
no observable trend in AUC,...,, however, over the weeks of testing, i.e.,
average weekly 2-PAM AUC,.;., neither consistently increased nor decreased.

The between animal variance component was determined to be statistjcally
significant for both the empirically estimated and model-based parameters
AUCq.p¢0 and C,. These animal effects were strongly influenced by the effect
of animal 123, which achieved higher 2-PAM blood concentrations than other
animals for all four autoinjectors.

Analyses of variance and multiple test comparison results for the
2-PAM pharmacokinetics parameters may be summarized as follows:

(1) Autoinjector effects were statistically significant for
empirically estimated C,, and t, , and model-based t. and k,.
Autoinjector effects were margiﬁ"ﬁly sign1ficant for mode1~
based C,.

(2) Effects of test week were not significant for eight of ten
analyzed parameters. Effects of animal-to-animal variation
were significant for four parameters, empirically estimated and
model-based AUC,,,, and C,, largely due to the efféct of one
animal which had consistently higher maximum concentrations
than other animals.

(3) The MCA-B autoinjector group mean was the highest for k , one
of the two highest for both empirical and model-based C < and
the shortest for model-based t .. The MCA group mean k Was
less than half of that est1mate5 for the other groups, and the
MCA mean (empirical and model-based) t,,, was twice as long as
that estimated for the other groups.
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3.3.2 Atropine Pharmacokinetics

Serum atropine concentrations measured for each animal at each time
point for the four autoinjector systems and pharmacokinetic parameters are
presented in Appendix C. Figure 5 is a graph of mean serum atropine
concentrations over time following injection of eight sheep using each of the
four autoinjectors. Empirically estimated values of the atropine
pharmacokinetic parameters AUCq.q49¢ Coeys and t,,, are presented in Table 8,
Atropine pharmacokinetic parameters calculated from the two-compartment model
are shown in Tables 9 and 10. Absorption rate constants (k,) were not
determined for three animals (53, 104, 123) in the MCA-A group due tc the
extremely rapid absorption of atropine in these three animals. For these
three animals, the model-based estimated k, values were so large that they
were essentially unquaniifiable. Therefore, their estimated values are not
reported in Table 9. This problem, however, did not appear to adversely

‘affect the ability of the pharmacokinetic model to estimate the remaining

parameters for these animals.

Model-based estimates of AUC; a4, Cppy¢ 3nd t,,, are plotted against
estimated values from empirical data in Figures 6, 7, and 8. The plots
demonstrate that there exists a strong linear relationship between the model-.
based and empirically estimated values of AUCq,,, and C,,, (except for two
outlying values). Correlations were computed between the empirically
estimated and model-based values of AUCg.ae, Cpper and t,,,. The correlation
between the model-based and empirically estimated values of C,,, was also
calculated with the two outliers omitted. Correlations were determined to be
statistically different (at the 5 percent significance level) from zero for
all three parameters. Calculated correlations between the two sets of
estimates are given below. '

Parameter n Correlation P-value

AUC,,s 32 0.804 0.0001
Cou 32 0.950 0.0001
Cou 30 0.983 0.0001
t 32 0.601 0.0003
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TABLE 8. ATROPINE PHARMACOKINETIC PARAM

ETERS

Coure and t,,, DERIVED®) FROM EMPIRICAL DATA

Test Auto AUC, C - t -

Animal Week Injector ﬁngﬁmﬁn/ﬁt) (nd?ﬁL) (min)
87 1 MKI 837.8 7.80 20.0
2 MCA 909.9 8.78 4.0

3 MCA-8 937.3 11.05 2.0

4 MCA‘A 88503 11086 3-0

93 1 MCA-A 1,026.2 13.46 1.0
2 MCA-B 938.5 10.01 2.0

3 MCA 954.2 6.21 20.0

4 MKI 746.5 9.38 4.0

104 1 MCA-8 1,042.3 9.02 16.0
2 MKI 889.8 10.59 6.0

3 MCA-A 1,088.0 15.55 5.0

4 MCA 883.9 10.39 6.0

116 1 MCA-A 1,189.3 14.63 4.0
2 MCA 1,050.4 12.42 6.0

3 MCA-B 1,018.8 10.82 5.0

4 MKI 969.4 9.31 16.0

117 1 MKI 942.4 8.16 16.0
2 MCA-8 1,154.6 9.47 6.0

3 MCA 944.9 13.41 12.0

4 MCA-A 899.6 13.95 4.0

123 1 MCA-B 1,315.6 13.73 4.0
2 MCA-A 1,248.0 18.05 1.0

3 MKI 1,199.7 9.24 20.0

4 MCA 1,235.9 16.98 3.0

127 1 MCA 1,404.0 9.00 40.0
2 MCA-A 983.3 18.45 2.0

3 MKI 1,199.6 9.06 40.0

4 MCA-8 979.1 12,63 4.0

129 1 MCA 1,08.3 7.16 8.0
2 MKI 1,012.0 8.45 20.0

3 MCA-A 1,184.4 12,38 3.0

4 MCA-B 876.2 9.33 4.0

() AUC, . ;44 was calculated from the observed atropine concentration-time
curve using the trapezoid method; C,,, is the maximum observed

concentration, and t
observed concentrati

L1}
on.

is the time point corresponding to the maximum
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ATROPINE PHARMACOKINETIC PARAMETERS A, B, «, A

TABLE 9.
AND k, FROM TWO-COMPARTMENT MODEL
- Test Auto k,
“ Animal -~ Week  Injector A B « 8 (min’t)
87 1 MKI 0.72 7.85  0.0327  0.0081 0.359
- 2 MCA 7.14 5.80  0.0603 0.0048 0.278
3 MCA-B  11.28 7.52  0.3277  0.0066 1.001
4 MCA=A 7.22 6.47  0.1231  0.0059 1.306
93 1 MCA-A 6.24 6.88  0.0527  0.0057 .
. 2 MCA-B 7.65 1.55  0.0105  0.0031 5,039 -
3 MCA 1.02 5.97  0.0240 0.0039 0.279
3 MKI  4.09 6.08  0.0210  0.0099 0.514
104 1 MCA-B 1.88 5.70  0.0103  0.0039 1.171
2 HKI 8.64 8.89  0.1384  0.0083 0.235
3 MCA-A 7.0 7.86  0.0677  0.0061 (*)
4 MCA 9.09 7.6  0.1979  0.0076 0.638
16 - 1 MCA-A 7.50  10.40  0.1825  0.0075 0.931
. 2 MCA - 8.55 §.70  0.0387  0.0043 0.648
3 MCA-8 6.73 4,62  0.0273  0.0032 1.116
3 MKI 2.03 8.05  0.0217  0.0074 0.208
17 1 MKI 0.46 8.49  0.0188  0.0076 0.357
2 MCA-8 5.08 4.58  0.0112  0.0035 1.022
3 MCA 15.33 6.14  0.0685  0.0051 0.166.
3 MCA-A 9,79 5.50  0.0600 0.0055 1.153
123 1 MCA-B 9.38 4.52  0.0187  0.0026 2.032
2 MCA-A  10.00 8.31  0.0600 0.0058 {*)
3 MKI -0.24  10.54  0.2228  0.0068 0.235
3 MCA 10.79 8.87  0.1032  0.0058 0.925
127 1 MCA -8.13-  14.01  0.0410  0.0071 0.216
2 MCA-A  16.31 9.39  0.2002  0.0095 1.359
3 MKI -9.24  11.94  0.0677  0.0075 0.852
3 MCA-B  14.74 9.39  0.1889  0.0089 0.462
129 1 MCA 0.86 7.43  0.0339  0.0048 0.253
2 MK1 0.96 9.11 0.0186 0.0075 0.157
3 MCA-A 6.89 £.97 0.0421 0.0031 2.064
3 MCA-B 5.01 4.81  0.0293  0.0044 0.601

* It was not possible to adequately estimate k, from data collected due to
rapid absorpticn of atropine.




B2
B
MR}
B

Ea B9

TABLE 10. ATROPINE PHARMACOKINETIC PARAME TERS CALCULATED FROM

[+

276,97 .

Al + @, B, AND k, BAJED ON TWO<COMPARTMENT MODEL
Auto kg . AUCq ., 24 Cone vy Vay L
Animal Week Injector (mint) (ugsmin/mL) (sg/mL) (L) - (L
87 1 MKI 0.009 828.5 7.52 10.6 201.8 214.5
. 2 MCA 0.009 907.9 8.46 12.8 149.7 273.1
3 MCA-B  0.013 921.5 9,75 4.4 112.8 . 222.7
4 MCA-A  0.011 879.5 10.81 3.7 152.7 - 293.6
93 1 MCA-A  0.010 1,016.5 13.12 0.0 159.4
2 ‘MCA-B  0.007 929.3 9.08 1.3 230.4 561.2 .
3 MCA 0.004 953.4 6.24 15.1 279.0 315.1 -,
4 MKI 0.013 730.9 8.92 7.4 170.2 215.4 .
104 1 MCA-B  0.005 1,051.7 736 4.8 279.6  330:5 .
2 MKI 0.011 912.2 8.54 13.5 98.6 136.0
3 MCA-A  0.011 1,090.7 14,82 0.1 140.6 246.2
4 MCA 0.013 866.8 9.69 6.2 116.2 205.6
116 1 MCA-A  0.012 1,175.0 12,97 4.8 116.8 180.6
2 MCA 0.009 1,050.0 11.96 6.7 136.8 285.5
3 MCA-B  0.007 1,011.3 10.42 4.6 186.8 388.7
4 MKI 0.008 962.0 8.64 12.3 171.6 196.7
117 | MK 0.008 935.4 8.01 10.9 193.2 199.1
2 MCA-B8  0.005 1,158.7 9.25 5.1 219.4 342.7
3 MCA 0.012 940.7 9.09 17.3 90.8 204.9
4 MCA-A  0.013 885.1 12.94 4,0 136.7 . 319.4
123 1 MCA-8  0.006 1,296.3 DM 2.9 15¢.5 362.8
2 MCA-A  0.011 1,240.7 18.26 0.1 114.1 225.3
3 MKI 0.007 1,198.6 9.21 15.5 168.0 167.8
4 MCA 0.011 1,227.3 14.96 4.8 99.2 195.1
127 1 MCA - 0.004 1,394.6 8.41 18.8 331.9 186.0
2 MCA-A  0.022 945.6 17.53 3.1 81.3 189.1
3 MKI 0.002 1,193.8 5.56 7.0 642.1 195.9
129 1 MCA 0.005 1,051.7 7.24 15.7 235.0 255.4
2 MK1 0.008 1,001.0 8.06 20.1 171.8 181.5
3 MCA-A 0.006 1,168.4 12.00 2.8 162.5 319.9
4 MCA-8 0.008 867.4 8.58 7.4 2i5.9 375.0

Corir S 5




.. GEMENE S
TS B e I AR NS TN TS RNE Saas e soms

62 © 6 @ et O OO0 €2 # # 1 M vV Vv
B 0 0 O 0L *x % k P8 X X X 8 + + + g puw
~OnV reouduy
0051 | 002} 006
[ i { ] - [ ] .§
X
+
Nig 08 &
Q¥ 3
@ ,
. A
* ’ .«u M
. q f
o® -8.&%
:8
i 4
6
- 00Gt

INIJOYLY ¥O2 InV TVIIY¥IdHT LSNIVOV IV GISVE-TIT0W 40 1014 °9 Jun91s




Cia

Lo}

=8
e
o0
(o
S

91 cl

a vvw
18 + + + ‘i pwiy

o V. .x

P
Lo d

INIJOYLYV Y04 Xew) TYIIYICWI LSKIVOV Xew) QISyI-1300M 40 1014 ¢ JUN914




6000 3000 gz ## # v
OIl.O O O 4OL % % % 8 X X X 18 + 4+ -+ g pww
xew| reopdu
o oe 0c ol 0
t i { } L
. ¥ -0
X
ne
<+o
3
© °
+ v ‘O—.
o
.
v
o
® - 0C
-G¢
INTJOYLY Y03 xewl TyIINI4HI ASNIVOV xewl @3SvE-1300H 30 1014 °8 J¥NOI4




30

Statistical procedures utilized to analyze the atropine
pharmacokinetic parameters are analogous to those employed to analyze 2-PAM
. for all parameters except k,. The three high, unquantifiable values estimated
~ for k, were treated as right censored at 5.5 min!. This means that the k,

" - values were not known, but would have been greater than or equal to the
assigned value if they had been estimated. This approach allowed an analysis
of variance on 32 k, values, three of which were treated as right-censored.
The presence df right-censored data, however, required specialized programs
employing maximum likelihood methods rather than least squares cechniques to
perform the analysis of variance. Therefore, test statistics aséessing the
significance of effects on the k, parameter have an approximate chi-square
distribution instead of the F distribution employed for the other parameters.
T2 analysis of variance included terms for autoinjector system, week of
testing, animal effects, and residual effects.

A hypothesis test was conducted for each pharmacokinetic parameter
to assess the statistical significance of any residual effects; results are
shown in Table 11. Residual effects were determined to be statistically
insignificant (at the 5 percent level) for all 10 parameters arnalyzed.
Therefore, residual effects were dropped from the model and a second analysis
of variance was carried out to assess the effects of autoinjector, animal-to-
animal variability, and week of testing.

Table 12 summarizes the results of the statistical analyses and
hypothesis testing for autoinjector, animal-to-animal, and week of testing
variability. Autoinjector effects were statistically significant (at the
5 percent level) for the empirically estimated parameters C,,, and t,,, and
for the model-based parameters k,, C,,, t,, and Vy,. Multiple comparisons were
performed (at the 5 percent significance level) for these parameters to
determine which pairs of autoinjector group means were statistically different
using Tukey's Studentized Range Test. Pairs of autoinjector group means
determined to be significantly different are:

(1) For empirically estimated C,,,, the MCA-A group mean was
statistically greater than the group means estimated for MKI,
MCA, and MCA-B.
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TABLE 11. ASSESSMENT OF CARRY-OVER EF%ECTS FOR- ..
ATROPINE PHARMACOKINETIC PARAMETERS

Parameter F-value P-Value
Empirically® Derived Par;ﬁetef§ .
AUC . g40 1.13 0.37
Cou 0.66 0.59
t, 0.70 0.56
Mode1® Based Parameters
k,© 7.75 0.05%
ke 1.29 0.32
AUCy . 240 1.23 . 0.33
Cone 2.1 0.14
tous 2.14 0.14
v, 1.16 0.36
Ve, 1.24 0.33

() perived from observed atropine concentration-time curve.
®) Two-compartment model.
(©) Because it was not possible to estimate k, for three animals,
log-1ikelihood procedures were used to assess the statistical
significance of carry-over efects for k,.

statistic follows a chi-square dlstr1but10n rather than a F distribution.

Therefore, the test.

@) Actual significance level calculated was 0.05159.
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(?) For empirically estimated t,,,, the MCA-A and MCA-B group means
were both determined to be stat1stical1y less than the group
mean estimated for MKI; the MCA-A group t,, mean was
determined to be stattsticau]y less than tha group mean
estimated for MCA.

(3) For the model-based k,, both the MCA-A and MCA-B group means
;g;e statistically greater than those estimated for MKI and

(4) For the model-based C,, the MCA-A group mean was determined
todbgc:t;tistical.y greater than those estimated for MKI, MCA
an -

(5) For the model-based t,,,, both the MCA-A and MCA-B8 group means
were determined to be statistically less than those estimated
for MKI and MCA.

(6) For the model-based V,,, both the MCA-A and MCA-B group means
were greater than tha%?es*imated for MKI; the MCA-B group mean
:as gg:ermined to be statistically greater than that estimated
or

The variations in the pharmacokinetic parameters over the four weeks
of testing were determined to be statistically significant for empirically
estimated parameters AUC,.,, and t,, and for model-based AUC,. . As with
2-PAM, however, there was not a consistent increase or decrease in average
weekly values, and there did not appear to be a relationship between high or
low atropine and 2-PAM values. The between animal variance component was
determined to be statistically significant for the empirically estimated
parameters AUCy.,,, and C,, and for the model-based parameters k,, AUC,.,.,,
and C,

Analyses of variance and multiple test comparison results for
atropine pharmacokinetic parameters may be summarized as follows:

(1) Autoinjector effects were statistically significant for six of
ten parameters, namely empirically estimated parameters Crax
and t,,,, and model-based parameters k,, C,, ., tny 2nd Vda

(2) Atrop1ne appeared to be absorbed more rapidly when delivered
via MCA-A and MCA-B autoinjectors compared to MKI and MCA
autoinjectors.
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(3) The empirically estimated and model-based Cray Mean values for
MCA-A were statistically greater than those For MKI, MCA, and
MCA-B.

(4) Effects of test week were significant for three parameters:
empirically estimated AUCy,,., and t.,, and model-based AUC,.,.,."
Animal-to-animal variation was determined to be significant é%r "
five parameters: empirically estimated AUC,.,,, and C,,, and
model-based k,, AUCy,.4, and C,,,.

4.0 CONCLUSIONS

The pharmacokinetic parameters of 2-PAM and atropine following
delivery by four different autoinjector systems were estimated using the same
eight sheep injected with each system with a minimum of one week between
injections. For 2-PAM, residual, or carry over, effects were determined to be
statistically insignificant for all but one of the parameters analyzed,
empirically estimated C,. Considering the number of parameters analyzed,
the marginal significance of one of ten parameters is compatible with what may
result from random chance. The variations in 2-PAM pharmacokinetic parameters
due to week of testing were insignificant except for empiric and model-derived
AUCy.p.o- There was no observable trend in AUC,.,,, however, over the weeks of
testing, i.e., average weekly 2-PAM AUC,,., neither consistently increased nor
decreased. Animal to animal variability in 2-PAM pharmacokinetic parameters
was statistically significant for both empirically estimated and model-based
AUC,.,e0 and C,.. These animal effects were strongly influenced by one sheep
which achieved higher plasma concentrations than other animals with all four
autoinjector systems.

Mean 2-PAM pharmacokinetic parameter differences determined to be
due to autoinjector systéms were empirically estimated C_, and t,,, and
model-based t,, and k,. Multiple comparison tests identified significant
differences only in t,,, with the MCA-A group mean t_ being significantly
less than that of the MCA group mean, and in k,, with the MCA-B group mean k,
being significantly greater than the MCA group k, mean. .

For atropine, all residual effects on pharmacokinetic parameters
were statistically insignificant. The effects of week of testing were
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statistically significant for empirically estimated AUC, ., and t,,,, and for
model-based AUCq . As with 2-PAM, however, there was not a consistent
increase or decrease in average weekly values, and there did not appear to be
a relationship in high or low values between 2-PAM and atropine, Effects of
animal to animal variation were significant for empiric and model-based
AUCq.q¢ and C,,., and for model-based k,.

Statistically significant differences in atropine pharmacokinetic
parameters due to autoinjector system were empiric and model-based Ceys and
t,a and model-based k, and V,,. For both empiric and model-based C,,,, the
MCA-A group mean was statistically greater than those estimated for MKI, MCA,
and MCA-B autoinjector systems. For empirically estimated t,,,, MCA-A and
MCA-B group means were statistically less than the MKl grouo .2an, and the
MCA-A group mean t,,, was also statistically less than the MCA g-oup mean.
Model-based t,,, for both MCA-A and MCA-B autoinjector systems was
statistically less than the t,,, estimated for MKI and MCA systems. For k,,
both the MCA-A and MCA-B group means were statistically greater than those
estimated for MKI and MCA systems. Both MCA-A and MCA-B group V, means were
statistically greater than that estimated for the MKI; the MCA-B group V,,
mean was also statistically greater than that estimated for the 'CA system.

Due to differences in the measured amounts of atronirne and 2-PAM
contained in different autoinjector systems, it could be argued that it is not
valid to compare blood concentrations reached after injections with these
syétems. The amount of 2-PAM contained in the t'ree MCA autoinjoctors sampled
was statistically greater than that contained in samples of othe~ systems, and
yet the pharmacokinetic evaluations did not reflect this. For atropine, the
amount contained in the three MKI atropens sampled was statistically less than

* that contained in samples of the three other systems. Therefore, C,,, and

AUC,_o4¢ Were normalized by the average measured atropine dose in the three
sampled autoinjectors of each system, and an analysis of variance was carried
out on the normalized pharmacokinetic parameters C,,,/0 and AUC, /0. Results
from the statistical analysis of the model-based and empirically estimated
C,../D agreed with those shown in Table 12 for .., i.e., effects of
autoinjector and animal-to-animal variation were statistically significant,
and the effects of test week were insignificant. For the empirically
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estimated Ceae/D, autoinjector group means were calculated to be 5.41, 7.08,
5.07, and 5.20. (1,000 L) for MCA, MCA-A, MCA-B, and MKI, respectively, and
the MCA-A group mean was determined to be statistically greater than those
calculated for MKI, MCA, and MCA-B. Results from the statistical analysis of
the model-based and empirically. estimated AUC,,,,4/0 agreed with those shown in
Table 12 for AUC,,, for animal-to-animal and test week variation (both were
determined to be statistically significant). The results for autoinjector
effects were different: éutoinjectof effects were determined to be
statistically significant. For empirically estimated AUCy ,,/D, autoinjector
group means were calculated to be 541, 509, 487 and 563 min/(1,000 L) for MCA,
MCA-A, MCA-B, and MKI, respectively, and the MX! group mean was determined to
be statistically greater than that calculated for the MCA-B system.

Overall, both 2-PAM and atropine appear to be absorbed more rapidly -
when delivered by MCA-A or MCA-B autoinjectors than when delivered by MCA or
MKI autoinjectors. Also, maximum 2-PAM concentrations were numericaliy larger
when delivered by MCA-A or MCA-B autoinjectors compared to MKI and MCA
autoinjectors. Maximum atropine concentrations reached following use of MCA-A
autcinjectors were statisticaiiy greater than those calculated for MKI, MCA,
and MCA-B autoinjectors. '

5.0 RECORD ARCHIVES

The eight sheep used in this study arrived at Battelle on
April 10, 1990. Pharmacokinetic studies were conducted between July 16 and
August 15, 1990.. Records pertaining to the conduct of this study are
contained in Battelle laboratory record books which are specific for this
task. These record books are clearly labeled as to contents of each volume.
These records and the final report will be maintained at the MREF until
acceptance of the final report by the U.S. Ammy. At that time, records will
be forwarded to the U.S. Army or archived at Battelle. Autoinjectors have
been returned to their manufacturers.
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. Comparison of the Pharmacokinetics of Atropine and
Pralidoxime Chloride in Sheep Using Four Autoinjector Systems

Study performed by Batteile
505 King Avenue, Columbus, Ohio 43201-2693

MREF Manager: Garrett S. 0ill, D, V.M.
Study Director: Carl T. Olson, 0.V.M., Ph.D.

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

Statistician: Ronald G. Menton, Ph.D.
Sponsor: U.S..Army Medica) Research and Development Command (USAMRDC)

COR: LTC Don W. Korte, Jr., U.S. Army Medical Research Institute of
Themical Defense (USAMRICD)

Objective: The U.S. Army Medical Materiel Development Activity (USAMMDA)
1s currently evaluating candidate multichambered autoinjector antidote
systems in order to select a system with which to replace the Mark I.
Infcrmation is needed on the pharmacokinetics of atropine and pralidoxime
chloride (2-PAM) when delivered by the different autoinjector systems to
select the optimal system for further development. The objective of this
Task is to compare the pharmacokinetics of atropine and 2-PAM when
delivered by the Mark I (MKI) or three different candidate systems. The
Task is performed by measuring blood levels of atropine and 2-PAM in
sheep after intramuscular (IM) iujection of the compounds, at similar
dose levels, using each of the systems in each sheep. This study is
conducted under the requirements of the U.S. Food and Orug
Administration's (FDA) Good Laboratory Practices (GLP) regulations.

Experimental Design:

A. Test System

(1) Animals - Sheep are used for this study because of previous work
measuring blood levels of atropine and 2-PAM in this species,
and because of similarities with man in body weight. Sheep
(Ovine) are yearling wethers of mixed breeding.

Protocols of all experiments using animals are reviewed and
approved by Battelle's Institutional Animal Care and Use
ommittee (IACUC) prior to initiation of the study. The Program
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MREF Protoccol 59
Medicai Research and
Evaluation Facility
March 22, 1990

Page 2

Manager accepts responsibility for the proper care and use of
animals in the conduct of research described in the protocols.
Sheep are Q-Fever negative, mature we.thers obtained from Thomas
0. Morris, Inc. (Reistertown, MD) or another similar, approved
source of research animals. Sheep are shorn, as necessary, to
improve their comfort in an indoor environment or to' increase
ease of injections, blood sampling, and physiologic monitoring.

Weight « Initial weight of <“eep will be §0-80 kilograms.

Quarantine - Sheep are excwined by a veterinarian upon arrival.
Blood samples are drawn fcr complete bloud counts and fecal
samples are obtained for parasite infestation evaluation. Sheep
are held in isolation and observed for signs of clinical illness
for at least 7 days prior to use in a study.

Selection - Animals selected after quarantine are in good
physical condition. Eight sheep are used in this
pharmacokinetic study. .

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

Housing - Sheep are group housed in an outdoor fenced area with
available shelter until they are used in experimentation. At
the time of exparimentation, they are placed in slings to which
they have been acclimated. :

Lighting - Sheep are group housed in an outdoor fenced area
prior to experimentation. When they are moved into experimental
areas, fluorescent lighting with a light/dark cycle of 12 hr
each per day is used.

Temperature - Maintained at 65 £ 15 F in indoor areas.
Humidity - Maintained at 50 &£ 20 percent in indoor areas.

Diet - Sheep are fed Purina Rumilabe® Chow with limited
quantities of locally-purchased hay and commercially available
higher energy feeds, as needed, to maintain or increase weight.
No contaminants that would interfere with the results of the
study are known to be present in the feed.

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

(12) Battelle's Animal Resources Facilities have been registered with
the U.S. Department of Agriculture (USDA) as a Research Facility
(Number 31-21) since August 14, 1967, and are perindically
inspected in accordance with the provisions of the Federal
Animal Welfare Act. In addition, animals for use in research
are obtained only from laboratory animal suppliers duly licensed
by the USDA. Battelle's most recent statement of assurance
regarding the Department of Health and Human Services (DHHS)
policy on humane care of laboratory animals was accepted by ‘the
0ffice 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
(PoLo 89.544 lﬂd PoLc 91.579\0

(13) On January 31, 1978, Battelle received full accreditation of its
animal care programs and facilities from the American
Assaciation 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.

B. Test Material

Atrepine (CAS 51-55-8) and 2-PAM (CAS 51-15-0) contained in injection
systems are provided by USAMRICD. Sufficient numbers of each system
from the same lot are provided so that analyses can be done on
representative samples to confirm identity and quantitate the amount
of atropine (MREF

S0P-89-55) and 2-PAM (MREF SOP-88-39) delivered by each system and so
that sufficient numbers of sheep can be injected to perform this
pharmacokinetic study.

C. Test Groups

Sheep are given atropine/2-PAM M, using each of the injection
systems on each day of testing. At times after injection of
approximately 1, 2, 3, 4, 5, 6, 8, 12, 16, 20, 40, 60, 80, 120, 180,
and 240 min, blood samples are taken from the jugular vein, either
through an indwelling catheter or by using a syringe and needle.




10.

11.

MREF Protocol 59
Medical Research and
Evaluation Facility
March 22, 1990

Page 4

Blood samples are analyzed for atropine and 2-PAM (MREF SOP-89-57)
concentrations. 2-PAM concentration is measured hy Battelle using
spectrophotometric analyses and a standard 2-PAM curve prepared from
known concentrations. Atropine analyses are conducted at Battelle's
Columbus Laboratory using radioimmunoassay. After a minimum one-week
washout period, the same sheep are used again, but each sheep is

" given atropine/2-PAM using an injection system not uced the first
time. This is repeated unti) each of the eight sheep are given
atropine/2-PAM using each injection system.

When atropine and 2-PAM analyses are completed, blood concentrations
as a function of time, maximum concentrations, times to maximum
concentrations, area under the blood concentration curves from time
0 to 4 hr, absorption and elimination rate constants, and volumes of
distribution are estimated. Statistical analyses, as described in
Section 9, are performed to determine if any significant differences
exist between values as a function of the injection system.

D. Study Preparations

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

Statistical Approach: Pharmacokinetic parameters measured for
atropine/2-PAM administered by each system are compared to those obtained

for atropine/2-PAM administered by the other systems to determine any
significant (P < 0.05) difference. Responses will be analyzed using
crossover design analysis of variance techniques or t-tests.

Records to be Maintained:

A. Analyses of atropine and 2-PAM in injection systems;

B. Analyses of atropine ¢ d 2-PAM in blood;

C. Experimental parameters and test conditions.

Reports: A draft final report will be prepared and submitted for review
to the USAMROC COR within 30 working days after completion of the task.
It will include the follciing:

A Experiqent ~ design;

B. Animal supp «<r;

C. Test animal selection criteria;
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D. Pharmacokinetic estimates;
E. Statistical methodology;
F. Discussion of findings.

A final report that addresses the review comnents of USAMROC wtll be
prepared and submitted wtthin 30 working days of receipt of comments.

12. Approval Signatures:

Q& Y @é,hj 3-22-50
TarT 1. Olson, D.V.M., Date i

Study Director

Y. Sl Ao Yas (10
. 0111, D.V.N.7 ate” 7

Program Manager

/%2‘ Lo 2/aq/10
Peter L. Jepsen, D.V.N. Date
Study Veterinarian

Ronedd Méda 3/30/90

Ronald G. Menton, Ph.0D. Date
Statistician ‘

Lo o ) Igy/m

Oon W. Korte, Jr.,(N.S.
USAMRICD COR
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Comparison of the Pharmacokinetics of Atropine and
Pralidoxime Chloride in Sheep Using Four Autoinjector Systems

Protocol Amendment No. 1

Change: Page 4, Section 8.0. :
“Each Sheep is weighed within 24 hr of inteénded use.” is deleted.

Reason: Weighing each sheep immediately prior to each study is unnecessary
since each animal will be given each treatment in a four-way
crossover design. Injections wiil be given in a random fashion as
designed by a statistician in order to preclude effects of day of
injection on pharmacokinetic parameters.

Impact on Study: None.

Cd Y @phs..._. 6~28%u

CarT T. Olson, D.V.M., Ph.D. Date
Study Director

ﬁw- Yt 2§ jue 90

‘TTC Don W. Korte, JR. / Date
USAMRICD COR
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Comparison of the Pharmacokinetics of Atropine and-
Pralidoxime Chloride in Sheep Using Four Autoinjector Systems

Deviation: This protocol specifies sheep will be held in rooms with a
temperature range of 50-80 F and a relative humidity of
30-70 percent. Conditions in animal rooms are recorded twice
daily using a hand-held combination thermometer/hygrometer to
obtain temperature and relative humidity readings. The relative
humidity recorded in rooms in which sheep were held during this
experiment were as high as 81 percent.. Excursions above the
relative humidity range specified in the protocol were reported to
a 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 above the relative humidity specifications stated
fa the protocol should have no impact on the validity of the

study.
0&.5\ \' S D850
arl 1. Olson, D.V.M., Ph.0. Date

Study Director

,d,., V. /f//«ozt /}' /g ceT 9¢

UTC Con W. Korte, Jr.. H.S. Date

USAMRICD COR
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Comparison of the Pharmacokinetics of Atropine and
Pralidoxime Chloride in Sheep Using Four Autoinjector Systems

- Protocol Amendment No. 2
. Change: Page 3, Section 8.C.

*At times after injection of approximately 1, 2, 3, 4, 5, 6, 8, 12,
16, 20, 40, 60, 80, 120, 180, and 240 min, blood samples are taken
from the jugular vein, either throu?h an indwelling catheter or by
using a syringe and needle.” is replaced with “Prior to the injection
of atropine and 2-PAM and at times after injection of approximately
1, 2,3, 4,5, 6, 8, 12, 16, 20, 40, 60, 80, 120, 180, and 240 min,
blood samples are taken from the jugular vein, either through an
indwelling catheter or by using a syringe and needle."

Reason: Blood samples are taken prior to injection of atropine and
2-PAM for determination of control, baseline values for any
interference in atropine or 2-PAM analyses.

Impact on Study: None.

é},a._% Y @%—» . 1-1y-99
-Carl 1. Olson, D.V.M., Ph.D. Date

Study Director

méjﬁ[ | . IS fuly 90U

Qon W. Korte, JﬁEiy Date v v
USAMRICD COR
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MREF Protocol 59
Medical Research and
Evaluation Facility
July 31, 1990

Comparison of the Pharmacokinetics of Atropine and
Pralido;ime Chloride in Sheep Using Four Autoinjector Systems

Protocol Amendment No. 3

Change: Page 4, Section 8.C.
*Blood samples are analyzed for atropine and 2-PAM (MREF SQP 89-57)
concentrations.” 'is changed to read "Blood samples are analyzed for
atropine and 2-PAM (MREF SOP 85-19) concentrations.”

Reason: The Technicon spectrophotometric method for determining
concentrations of 2-PAM in plasma is to be used rather than
the HPLC technique. Both techniques were used in a previous study
and gave comparable results, but the Technicon method was faster and
less laborious.

Impact on Study: None.

Oa.l \- S :TQ: 3\ 1910
CarT 1. Olson, 0.V.M., Ph.0. ate

Study Director

USAMRICD COR
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STANDARD OPERATING PROCEDURE
MREF 50P-38-39 .

- TITLE: Analysis and Structural Verification of Pralidoxime Chloride

LABORATORY: MREF, HML, or King Ave. SOP APPROVAL DATE: _02/26/90

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

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

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

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

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

Submitted By: M £ /@e =220/90

digndture/Date

Timothy L. Hayes, Principal Research Scientist |
Printed Name/Title

. 1gnatu '

Garrett S. 0il}, D.V.M., Manager
Printed Name/Title

Approved By: A¢4104252524&J;,, 2/3¢,/?.
Signature/Date ’

David L. Stitcher, CIH, Safety/Surety Officer

Printed Name/Title

Revised February 20, 1990 WPl
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Approved By:

2.27480

ighature/Date

Quality Assurance Unit

Health and Environment Grou ) .
Printed Name/Title ]
Approved By: égld 5)4«—- 2

— Sigwature/Dite o

Charles K. Burdick, Ofrector
Total Quality Program

Health and Environment Grou .
Printed Name/Title

Revised February 20, 1990
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SIGNATURES
I have read and understand the contents of MREF S0P-88-29,
Signature Date Signature Date
399
H - 2050
&/ fers
Revised February 20, 1990 ‘;M*‘RO‘{&],
A 3
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STANDARD OPERATING PROCEOURE 88-39
Analysis and Structural verification of Pralidoxime Chloride

Statement of Work: This SOP describes the procedures for verification of

identity and quantitative measurement of pralidoxime chloride (2-PAM (1)
by high performance liquid chromatography (HPLC). The procedures for
structural verification by nuclear magnetic resonance (NMR) of 2-PAM (!
present in drug formulations are also described. The HPLC effort can be
conducted at either the MREF, HML or King Avenue but the NMR requires the
facilities at King Avenue. , :

‘Responsibility:

1. Personnel Qualifications: Technical staff will consist of individuals
designated by the Chemistry Coordinator to perform structural
verification of the drug used in this task; i.e., 2-PAM Cl.

2. Leaders: Leaders of each operation will be designated by the Study
Director for that operatien. Each lzader will insure that the
following are observed:

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

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

c. All leader and technical staff responsibilities specified in the
MREF FSSP are followed when work is conducted at the MREF.

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

e. Work under this SOP is performed only in the area(s) or room(s)
designated by this SOP.

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

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

Revised February 20, 1990
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h. A1l applicable SOPs are read and signed'by all technical staff
involved in the operation.

3. Technical Staff: Technical staff will be.respcnsible 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 themselves and fellow workers from injury and to prevent
damage to material, equipment, and facilities.

4. Research Organization: The organization involved in this research is
the MREF o¥ BattelTe Memorial Institute, 505 King Averue, Columbus,
Ohio 43201-2693.

C. Materials To Be Used: The 2-PAM C1 used on this program will be provided
By the U.S. Army Medical Research and Development Command (USAMRDC) or
purchased from a traceable source of purity. Upon receipt, the 2-PAM (I
will be stored in a desiccator at -10 C or as directed by the su‘plier.
NMR spectra will be obtained on dilute solutions of the drug dissolved in
> 99.8 percent deuterium oxide {Stohler Isotope Chemicals or equivalent).
NMR tubes will be the Stohler Isotope Chemicals "Ultra Precision* model or

~ the equivalent mode] from other manufacturers.

Other materials will include acetonitrile (Burdick and Jackson HPLC grade
or equivalent), deionized water or millipore water, acetic acid, glacial
Baker reagent grade Cat. No. 9508-03), tetrabutylammonium chloride
Aldrich 28,888-8), benzophenone (Aldrich 23,985-2), tetrabutylammonium
nitrate (Kodak 9664), sodium lauryl sylfate (dodecy! sulfide, sodium salt)
(Aldrich 86-201-0), helium gas, and nitrogen gas.

0. Equipment: Proton NMR spectra will be obtained on Battelle's Varian
CET-SU Fourier transform NMR spectrometer located in Room 7237-A of the
King Avenue facility.

The HPLC analytical system, to be used consists of the following: HPLC
pump, HPLC ultraviolet (UV) detector, HPLC injection system (autosampler),
HPLC reverse-ghase column, strip-chart recorder (optional), and electronic
data system. Any equivalent system may be used once confirmation of
performance has been established.

Other equipment includes: glass bottles, glass vials, Teflon cap liners,
microsyringes, pipettes, volumetric flasks, graduated cylinders,
autosampler vials, refrigerator, Teflon wash bottles, gas tight syringes,
filter flask system, Pasteur pipettes, dropper bulbs, chart paper,
spher‘sorb 00S 2 analytical HPLC column or equivalent, recorder pens,
weighing paper, pipettes, pipette bulbs, and spatula.

Revised February 20, 1990
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E. Hazards Involved:

1. Solvents: The solvents used in preparing the dilute material may have
hazards associated with their use. A copy of the Material Safety Data
Sheets (MSDS) is available in the administrative area of the MREF or
through Batielle's Safety Office at 505 King Avenue. A brief listing
of hazards associated with handling the more commonly used solvents
has been included:

a. Acetonitrile: Acetonitrile is a flammable liquid that must be
andied as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. The 1988-1989 ACGIH TLV for
acetonitrile is 40 parts per million (ppm) as an 8-hr TWA and
60 ppm as a 15-min STEL. Skin contact may also represent a
significant route of exposure.

b. Methanol: Methanol is a flammable liquid that must be handled as
a soivent with a dangerous fire risk. The flash point (open cup)
of methanol is 12.2 C, with an autoignition temperature of 464 C.
The 1988-1989 ACGIH TLV for methanol is 200 ppm as an 8-hr TWA and
250 ppm as 2 15-min STEL. Also, skin contact may represent a
significant route of exposure.

c. Benzene: Benzene is a flamable liquid that must be handied as a
solvent with a dangerous fire risk. Benzene is toxic by
ingestion, inhalation, and skin absorption. Benzene is regulated
as a carcinogen by the Qccupational Safety and Health
Administration (OSHA) resulting in excess leukemia. Containers
must say "DANGER CONTAINS BENZENE CANCER HAZARD." OSHA 8-hr
permissible exposure limit (PEL) = 1 ppm, Actioa Level = (.5 ppm,

F. Safety Requirements:

1. Hoods: Hood face velocity must average 100 ¢ 20 1fpm. The average is
computed from individual readings taken in approximately each square
foot of hood face (usually nine readings). No equipment will be
within 20 cm of the face of the hood.

Revised rebruary 20, 1990
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2. Protective Equioment: When working in the MREF laboratory, the
following clothing and protective gear are required as a minimum for

all perscnnel. This equipment must be used as directed in the FSSP. ;§%
lab coat . gg

latex gloves (as needed) %%:

oy

&

protective eyewear

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

3. First Aid: The location of the neércst-eye-wash fountain shower, and
fire extinguisher will be known to all workers before work begins.

G. Procedures:

1. MREF Entrv: Before entering the secured facility, note the status of
the "Agent-in-Use” light at the turnstile. If the "Agent-in-Use®
lights are turned on, note the rcom location and be sure that upon
entry to the laboratory area 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 wil;
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-2], the problem is reported to the MREF
Manager and the operation does not begin.

Hood S2t Up: 1the operation hood area must be prepared with all

2. p
maters1ls necessary to perform the cperation prior to starting the
operation., All materials will be kent Dehind the 8-inch line in the

hocd.

Plastic-backed, absorbent paper must be used to protect the work
surface cf the hood.

3. Sample Preparation: The drug formulation samples provided by the
USAMRDC are manipulated so that the interference of solvents and other
components associated with the samples is minimized to provide
relatively pure drug samples for NMR analys:s.

HPLC analyses may be performed on either the dosing formulation as
received, dilutions of the parent materials, or on reference standard

solutions of known concentration.

Revised February 20, 1990
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Analytical Reference Standard: 2-PAM C1 solid reference standard
supplied by the USAMROC 1s dried at 100 C, 0.4-mm Hg for 3 hr
prior to use. This is pertormed vy olacing the solid material
contained in its original container which has had its cap removed
into a pre-heated oven. The oven is sealed and the vacuum
adjusted -to 0.4 mm Hg. -

NMR Analysis: Approximately 2.0 mL of the 2-PAM Cl1 formulation is
transferred to a 9.5 dram vial and frozen therein by partially
immersing in dry ice/acetone after the vial is capped. This vial
is placed in a chamber of a lyophilization apparatus and subjected
to high vacuum until the sample reaches a state of dryness.

NMR samples are prepared by dissolution of several mg of the dried
samples in deuterium oxide and are transferred into an NMR tube
(tube capped after transfer) for NMR analysis.

HPLC Analysis: Samples are diluted with mobile phase so that the
expected concentration ranye is between 0.01 and .10 mg/mi.
Samples are refrijerated until analysis.

Preparation of Standard Solutions: Standard solutinns of 2-PAM Cl are

prepared for an NMR rererence spectrum and HPLC standard curve
determinations.

a.

b.

MMR: Within a glove bag thoroughly fiushed with dry nitrogen or
argon, weigh 10 mg + 0.1 of 2-PAM C1 onto weighing table.
Transfer the sampie into a screw-capped bottie and close tightly.
Outside the bag, dissolve the sample in an accurately measured
volume of 10.0 mL of deuterium oxide and recap the bottle to
minimize the contamination of the sample with undeuterated
moisture.

HPLC: Accurately weigh 50 mg « 0.1 mg of 2-PAM C1 onto weighing
paper. (Guantitatively transfer the 2-PAM Cl1 into a 50-mL
volumetric flask containing approximately 40 mi of mobile phase
{see Section G.5.b.). Mix the solution thoroughly. Dilute to 50
ml with water and remix the solution. The resulting concentration
of the 2-PAM C1 stock will be approximately 1 mg/mL.

Weigh out 10 g = 0.1 g of benzophenone, the internal standard
(IS), and quantitatively transfer the material into a 25-mL
volumetric flask containing approximately 20 mL of acetonitrile.
Mix well until dissolved. Dilute to 25.0 mL with acetonitrile and
remix the solution,
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The resulting concentration of the benzophenone internal standard
stock is 400 mg/mL.

Mix and dilute the 2-PAM C] stock solution with mobile phase (see
Section G.4.b) in 10 mL volumetric flask as follows:

1.0-mL stock + 9.0-mL mobile phase

0.50-mL stock + 9.5-mL mobile phase
0.25-mL stock + 9.75-mL mobile phase
0.10-mL stock + 9.30-mL mobile phase
0.0-mL stock + 10.0-mL mobile phase

After the standards have been prepared, each level is the spiked
5 pL of the internal standard solution. The final standard
concentrations are 0.10, 0.050, 0.025, 0.010, anc 0.0 mg per mL.

Diluted standard solutions are kept refrigerated until used.
Standards may be stored refrigerated for up to 30 days.

5. Analysis Start-Up: NMR is performed to verify the structure of the
Z-PaM CT. HPLC is performed to quantitatively determine the
concentration of 2-PAM in the samples and identity confirmation of
2-PAM in the dosing solution by retention indices comparison.

a. NMR: Calibrate the NMR instrument and data system according to
Instructions in the operator's manual. When properly calibrated
against the standard reference solutions identified in the manual,
proceed with the analysis.

b. Quantitative HPLC: Prepare HPLC mobile phase buffer for
quantitative analysis by dissolving 2.7 g of tetramethylammonium
chloride in approximately 900 mL of deionized water. Add 1.0 mL
of glacial acetic acid and dilute to 1 L and mix. Store in a
clean, 1-L glass bottle. Use within 30 days.

The mobile phase may be established using a gradient system with a
40 percent buffer : 60 percent acetonitrile ratio or mixed prior
to analysis. To mix the mobile prior to analysis, add 400 mL of
the ouffer prepared above to a 1-L glass bottle and add 600 mL of
acetonitrile and mix. Once the buffer has been prepared, it must
be filtered and used within 30 days.

Insure the appropriate analytical column has been installed in the
analytical system and that the injector is equipped with at least
a 20-4L sample injection loop.
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A1l mobile phase must be degassed for at least 5 min with
nitrogen, or helium prior to use.

AR

The detector and the pump must be turned on for a warm-up period -
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.2 mL/min during the warm-up period. After
approximately 15 min, measure the flow for 5 min with a 10-mL
graduated cylinder, The flow rate must be set at

1.2 = 0.1 m/min. Adjust the flow rate setting on the pump if
nece:sa;y to cbtain an actual flow rate within these limits and
re-check.

\

After the pump has been on for about 30 min, adjust the detector
zero with the balance control with the detector set at 0.064 AUFS.
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.

C. HPLC Identity Confirmation: Prepare HPLC mobile phase buffer for
the 1nitial 1dentity confirmation using a Supelco LC-1 column by
dissolving 6.0 g of sodium lauryl sulfate and 1.0 g of
tetrabutylammonium nitrate in 1,000 mL of deionized water. Add
20 mL of glacial acetic acid to the solution and mix. Filter the
solution with a 5 ym filter and store in a clean glass bottle.

Use within 30 days.

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

Insure the appropriate analytical column has been connected to the
injector and detector, and that the 1n3ector is equipped with a
20-4L sample injection loop.

All mobile phase must be degassed for at least 5 min with
nitrogen, or helium prior to use.

EN ES BN S EE Y BE A = .-

The detector and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 mL/min during the warm-up period. After
approximately 15 min, measure the flow for 5 min with a 10-mL
graduatad cylinder. The flow rate must be set &t
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For every ten samples to be analyzed, at least one blank sample
and one standard must be analyzed. All samples must be analyzed
under the same conditions used for the standards.

HPLC Identity Confirmation: For confirmation of the identity of
Z-PAM CT by HPLC, a second set of HPLC conditions is employed.

The following is a set of HPLC conditions found to be satisfactory
for the confirmation of 2-PAM C1:

Column: Supelco LC-1 (Stock No. 5-8296) 250 x 4.6 mm, 5 micron

"and Supelco LC-1 guard column (Stock No. 5-9551).

Mobile Phase: See Section G.4.c
Detector: UV @ 254 nm

Flow Rate: 1.0 mL/min
Injection Volume: 20 uL

For confirmation purposes, analyze a 2-PAM C] standard and a
formulation sample under these HPLC conditions.

Instrument Shut-Down:

c.

When the instrument is not to be used for extended periods of
time, the system must be shut down following manufacturer's
instructions to ensure column 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 as for overnight

shut-down but also cap off the analytical column tc prevent the
solid phase from drying.

Data Reduction: The NMR spectrum obtained in Section G.5.a is

compared with the reference spectrum to verify structural identity.
HPLC. samples analyzed in Section G.5.b are compared with results
obtained from standards to determine concentration.

a.

NMR: Compare the NMR spectrum for the sample with the spectrum
obtained for the 2-PAM Cl1 reference standard. Verify
correspondence of chemical shifts, multiplicities, and intensities
for structural verification in conjunction with HPLC findings.
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1.0 = 0.1 mL/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 been on for about 30 min, adjust the detector
zero with the balance control with the detector set at 0.064 AUFS.
Adjust the recorder to electrical zero at “0" chart units. Adjust
the detector zern to slightly above the electrical zero position
with the recorder balance control.

Analysis of Samples: NMR is performed for structural
confirmation. HPLC standards and collected samples are analyzed
to determine concentration and identify confirmation.

NMR: Multiple acquisitions (> 100 transients) are jenerally
required. Spectra will be printed on standard NMR paper and
computer referenced to the chemical shift of sodium
2,2-dimethyl-2-silapentane-5-sulfonate determined on the
interpretation.

auautitative HPLC: The following is a set of HPLC conditions that
2ave bg?n ound to be satisfactory for quantitative analysis of
-PAM C1: ' _

Column: Alltech Spherisorb-00S 2 (Stock No. 8736) and Supelco
LC-18 Guard Column (Stock No. 5-8232).

Mobile Phase: See Section G.4.b
Detector: UV @ 298 nm

Flow Rate: 1.2 mL/min
Injection Volume: 20 ul

For quantitative analysis of 2-PAM Cl1 samples, transfer l-mi
duplicate aliquots of each 2-PAM (1 standard to autosampler vials
and place the vials in the autosampler in ascending concentration
order. Set up the data system to acquire data for each standard
as described in the data system instruction manual. Transfer l-mb
duplicate aliquots of each sample to autosampler vials and place
the vials in the autosampler.
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b. Quantitative HPLC: Obtain printouts of the peak area ratins for
each standard and sample as described in the instruction manual.
Prepare a standard curve from the peak area ratios versus
concentration of the standards.

Determine the 2.PAM (1 concentration in the samples and control
standards using the standard curve. [f necessary, correct for any
dilution made to the samples prior to analysis.

If the response for any of the control standards varies from the
predicted response by more than ¢ 10 percent, then the samples
associated with that standard are reanalyzed.

¢. HPLC Identity Confirmation: Compare the retention times and
relative responses of the 2-PAM C1 standard and sample peak for
structural confirmation.

H. Emergency Procedures: All personnel involved in the HML or MREF
oratory operations, must be familiar with the respect ve laboratory's
FSSP, and the emergency procedures detailed within this document., All

personne! involved in the King Avenue operation must be familiar with HEG
H/SP B-0l and the emergency procedures detailed within this document.

I. First Aid Procedures: First aid and self aid at the MREF are to be
conducted as specified in the FS3P.

TLH:cah-
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STANDARD QPERATING PROCEDURE
MREF SOP 88-50

TITLE&; Analysis of Pralidoxime Chloride (2-PAM) in Whole Blood Using an
" Ultraviolet [UV) Spectrophotometer :
LABORATORY:  MREF or HML SOP Approval Date: May 19, 1989

EXPIRATION DATE: August 10, 1691
PLACE OF OPERATION OR TEST: Throughout the MREF and WML

This standard operating procedure (SOP) has been prepared as prescribed by

" Contract DAMD17-89-C-9050 and will be effective for one year from date of
- approval unless sooner rescinded or superseded.

- No deviation from this SOP will be permitted. . Whenever the approved method is

changed, the SOP will be revised.

Supervisory personnel will assure that a'l personnel involved with this SOP
have been trained properly and instructed in its provisions.

A copy of this SOP will be posted at the job site at all times.

Approved by: /) 2o
Signature/Date

David L. Stitcher, CIH, Safety and Surety Officer
Printed Name/Title
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STANDARD OPERATING PROCEDURE
MREF SOP-38-50

TITLE: Analysis of Pralidoxime Chloride (2-PAM) in Whole Blood Using an
Uitraviolet (UV) Spectrophotometer

LABORATORY: MREF or HML SOP APPROVAL DATE: May 19, 1989 -
PLACE OF OPERATION OR TEST: Throughout the MREF and HML

This Standard QOperating 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,

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

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

A copy of this SOP will be posted at the Medical Research and Evaluation
Facility (MREF) or Hazardous Materials Laboratory (HML) job site at all times.

Submitted By: M Z %7 g7

7 Signature/Date N

Timothy Hayes, Research Scientist
Printed Name/iitle

Approved B'y: M\ Q] j\"i\ %q

Signature/late

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

/ 2 7 7/
Approved By: / ‘arr e iU e /e F¢
Signature/Date -

Donald W. Cagle, CIH, Safety/Surety Officer
Printed Name/Title
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Approved By:

Approved By:

: MREFh

o S0P-88-50
December 30, 1988
Page 2

; %EQ %ﬁoate ; ;
Ramona A. Mager, Manager, QA Unit
rinted Name/litle .
/"é’u‘w«.w bom S/ vp/es

Signatube/Date

Anna D. Barker, Ph.D.

Group Vice President and General Manager
Health and Environment

Printed Name/Title
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SIGNATURES

[ have read and understand the contents of MREF SOP-88-30.
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STANDARD OPERATING PROCEDURE 88-50

Analysis of Pralidoxime Chloride (2-PAM) in Whole Blood
Using an Ultraviolet (UV) Spectrophotometer

Statement of Work: The following SOP describes a procedure for the
determination of pralidoxime chioride (2-PAM) content in whoie blood using
an ultraviolet (UV) spectrophotometer. The method is based upon a direct
UV absorption analysis procedure to measure the 2-PAM content in the
prepared samples. To perform this analysis, a sample preparation must
first be performed on the whole blood samples. This sample preparation
requires three separate processes. The first consists of hemolyzing the
blood with water and barium hydroxide solution, and the second
de-proteinates the blood by addition of zinc sulfate and sodium chloride.
The third precipitates the solid materials from the solution through
centrifugation producing a sample ready for direct UV analysis. The
prepared sample is analyzed for absorbance of light at 300 nm. A control
(system blank) is used to correct for absorption by the cuvettes and
reagents. ‘

Responsibility:

1. Personnel Qualifications: All technical staff will be familiar with
the handling of biological samples within the MREF laboratory. They
must know the requirements of the Buddy System.

2. Leaders: Leaders of each operation will be designated by the Study
Director 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 room during XCSM operations.

b. XCSM are issued exclusively to persannel who have been designated
in writing from the Manager, MREF, as authorized to receive XCSM.

€. XCSM control and accountability are maintained.

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

e. All leader and technical staff respoasibilities specified in'the
MREF FSSP are followed.

f. Each employee has been trained in the techniques of administering
first aid and self aid.

kS
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g. Work under this SOP is performed only in the area(s) or room(s)
designated by this SOP.

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

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

J. All applicable SOPs are read and signed by all technical staff
involved in the operation.

3. Technical Staff: Technical staff will be responsibl> for abiding by
requirements sat forth in Section 8.2. In addition, they must use
personal, protective equipment provided and develop safe work habits to
protect themse'ves and fellow workers from injury and to prevent damage
to material, equipment, and facilities.

4. Research Organization: The organization involved in this research is

the MREF o¥ Battelle Memorial Institute, 505 King Avenue, Columbus, OH
43201-2693.

Materials To Be Used:

1. Solvents and Chemicals: 2-PAM, barium hydroxide octahydrate, zinc
sulfate heptahydrate, and sodium chloride.

Tools and Equipment: Freezer, refrigerator, labels, first-aid kit,
plastic-backed, absorbent paper, brown paper, squirt bottles, wiping
tissues, beakers, bottles, maxi-vials, pipettes, pipette bulbs, tissue
paper, laboratory coat, safety shoes, safety glasses, spatula,
stainless-steel pans, glass stir rods, syringes, needles, forceps, scrub
suit, latex gloves, 16 x 100-mm culture tubes, disposable cuvettes, vortex
mixer, UV spectrophotometer, and centrifuge. ‘

Hazards Involved:

1. Chemicals: The reagents used in this process may have hazards
associated with their use, A copy of the Material Safety Data Sheets
(MSDS) is available from the manufacturer or through Battelle's Safety
Office at 505 King Avenue. A brief listing of hazards associated wita
handling these chemicals has been included:

a. 2-PAM: 2-PAM is a harmful powder which is readily absorbed through
the skin.

b. Barium Hydroxide: Barium hydroxide is highly toxic by ingestion.
Corrosive to tissue in presence of moisture; strong irritant to
tissue.
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c. Zinc Sulfate: Zinc sulfate is an irritant to tissue. It is low in
toxicity. Hygroscopic.

Gloves and aprons made of butyl rubber are flammable and nave no
self-extinguishing capability; therefora, care must be taken to avoid
open flame or heat that may ignite then.

Safety Requirements:

1.

3.

1.

Hoods: Hood face velocity must average 100 = 10 1fpm. The average is
computed from individual readings tazken in approximately each square
foot of hood face (usually nine readings). In addition, no individual
reading will vary more than 20 percent from the average. No equipment
will be within 20 cm of the face of the hood.

Protective Equipment: The following clothing and protective gear are
required as a minimum for all personnel. .

scrub suit
safety shoes
latex gloves
safety glasses

A1l provisions of the MREF FSSP apply to the checking and testing of
gloves, aprons, and other protective equipment.

First Aid: The location of the nearest eye-wash fountain, deluge
shower, and fire extinguisher will be xnown to all workers before work
begins.

Procedures:

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 sarvety equipment and procedures described
in FSSP SOP MREF-18 are in place. Upon entry of the room, confirm that
there are no audibie 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 guideiines 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
materials 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, absorbant paper must be used to protect the work
surface of the hood.
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Equipment Preparation:

a.

Glassware: All glassware shall be cleaned and silanized with
hexamethyl disilizane (HMDS) prior to use. This serves two
purposes. First, it minimizes adsorption of chemicals on otherwise
active glass surfaces, and secondly facilitates cleaner separation
ofl§olid and liquid layers due to a smoother surface of the glass
wall, :

Wash three times each with 5 percent alconox solution, followed by
methanol, and finally acetone, then dry in a drying oven. Place
clean glascware in a vacuum oven and pull vacuum via an aspirator
or vacuum pump to 20 to 25-mm Hg. Heat the oven to approximately
180 C and inject l-m HMDS. Continue to heat the oven for 2-3 hr.
Still under vacuum, allow the oven to cool to room temperature
(overnight), then vent the oven., Glassware treated in this manner
is now ready for use.

Instrument Preparation: The UV spectrophotometer is prepared with
the following settings:

(1) . Wavelength - 300 nm

(2) Read sample observance every 1 sec for 4 sec starting at
time 0. (This gives five absorbance readings which allow for
the apprgximation of error due to drift of the wavelength
setting.

Solution Preparation:

a.

Preparation of 2-PAM Analytical Standards and Spiking Solutions:

(1) 500-s9/me 2-PAM Stock Solution: Dispense a 0.0505-¢ sample
of 2-PAM into a 100-m volumetric flask containing
approximately 40 m2 of deionized water. Dilute to volume
with deionized water and mix well before transferring to
storage vials.

(2) 50-ug/m2 2-PAM Spiking Solution: Into a 50-md volumetric
flask containing approximately 20 me of deionized water,
deliver 5.0 m of the 500-ug/m 2-PAM stock solution (using a
5,000-42 syringe). Dilute to vojume with deionized water and
mix on a vortex mixer.

(3) 30-pg/m2 Analytical Standard: Into a 5-m volumetric flask
containing approximately 1 mé of deionized water, deliver
3.0 m& of the 50-xg/m 2-PAM spiking solution (using a
5,000-x2 syringe). Dilute to volume with deicnized water and
mix on a vortex mixer.

L
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25-ug/m2 Analytical Standard: Into a 5-m2 volumetric flask
containing approximately 1 ml of deionized water, deliver
2.5 m of the 50-ug/ml 2-PAM spiking solution (using a
2,500-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer. :

20-p4g/m2 Analytical Standard: Into a 5-m& volumetric flask
containing approximately 1 m of deionized water, deliver
2.0 m of the 50-ug/ml 2-PAM spiking solution (using a

2,500-42 syringe). Dilute to volume with deionized water and

mix on a vortex mixar.

15-ug/m2. Analytical Standard: Into a 5-m2 volumetric flask
containing approximately 1 m of deionized water, deliver
1.5 m of the 50-ug/ml 2-PAM spiking solution (using 2
2,500-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer.

10-ug/m2 Analytical Standard: Into a S-m2 volumetric flask
containing approximately 1 m of deionized water, deliver
1.0 m of the 50-ug/me 2-PAM spiking solution (using a
1,000-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer.

8.0-u4g/m2 Analytical Standard: Into a 5-m volumetric flask
containing approximately 1 m of deionized water, deliver
0.8 m of the 50-ug/m 2-PAM spiking solution (using a
1,000-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer.

5.0-4g/m Analytical Standard: Into a 5-m2 volumetric flask
containing approximately 1 me of deionized water, deliver
0.5 m of the S0-ug/m2 2-PAM spiking solution (using a
500-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer.

4.0-ug/me. Analytical Standard: Into a 5-m& volumetric flask
containing approximately 1 m of deionized water, deliver
0.4 m of the 50-ug/ml 2-PAM spiking solution (using a
500-42 syringe). Dilute to volume with deionized water and
mix on a vortex mixer,

2.5-49/m2 Analytical Standard: Into a 5-m volumetric flask
containing approximately 1 m of deionized water, deliver
0.25 m of the 50-u4g/m 2-PAM spiking solution (using a
250-42 syringe). DOilute to voiume with deionized water and
mix on a vortex mixer.
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All stock solutions should be kept (efrigerated when not in use.
Stock solutions made from neat matericl for the purpc.e of making
further diluted standard/spiking solutions must be discarded and
new preparations made monthly.

Standard/spiking solutions made from stock solutions must be remade
for each day of analysis.

5. Sample Preparation:

a.

e’

f.

2.0 m of each whole blood sample is removed and measured into a
16 x 100-mn screw cap culture tube using a 2-m volumetric
pipette.

To the 2.0-m2 whole blood samples measured in Section G.5.a, add
3.8 m2 of deionized water using a 5.0-m2 syringe and 1.0 m of
barium hydroxide using a 1.0-m volumetric pipette. The solution
is mixed on the vortex mixer for 30 sec.

To the mixed sample solution, add 1.0-m2 0.33 m zinc sulfate using
a 1.0-m& volumetric pipette and 0.2-m sodium chloride using a
250-42 syringe. The solution is mixed on a vortex mixer for

10 sec.

The sample plus reagents contained in the culture tube is then
placed in a centrifuge and the solids pracipitated at 1,500 g's for
10 min,

The “clear* top layer is removed and transferred to another 2 m
centrifuge tube and re-centrifuged at 10,000 g's for 3 min.

Transfer the sample to labeled cuvettes for analysis.

6. Calibration:

a.

Instrument calibration must be performed for quantitation of 2-PAM
in the samples using the blank deionized water (blank) and the
calibration standards prepared in Section G.4.a. A complete set of
calibration standards must be analyzed prior to analysis of any
sample extracts. All analyses of standard sets must be within

10 percent relative standard deviation. I[f any standard analysis
value is outside this limit, the analysis of unkncwns is stopped
until the problem is resolved.

Once the calibration of the instrument has been checked, the sample
extracts are analyzed in a sequence with a calibration check
standard being analyzed after every fifth sample. A calibratica
check standard can be any solution of 2-PAM within the calibration
range and of known concentration.
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A complete set of calibration standards is analyzed following the
last sample each day. All calibration standards analyzed
throughout the analysis are used to develop a complete calibration
curve for quantitation of the sample extracts.

Only concentration values that fall inside.the range of the
calibration standards will be reported. Samples that yield
responses less than the calibration range will be reported as less
than the lower quantitation limit. Any sample response that
exceeds the largest calibration standard will be reported as
greater than the highest calibration standard and must be diluted
to within the calibration range.

Detection limit determination is performed by analyzing a series of
extraction recovery samples in the range of interest. [f a peak
area response is observed with greater than a three to one signal
to noise ratio, the metrod detection limit can be determined as
that concentration. The detection limit must be verified by
extraction for each sample set.

Analysis of Samples: Samples and calibration standards are analyzed

using the same procedures and conditions. Following every fifth
analysis a system check standard must be analyzed.

Calculations:

4.

The calibration data are analyzea using a linear regression
analysis and the quantitative measurements made based upon and
external standard procedure.

Using a linear regression program, generate the slope, intercept,
and correlation coefficient for 2-PAM in the calibration data. The
resulting calibration parameters will be used to calculate the
observed concentration of 2-PAM in the unknown samples.

Enter the absorbance as the ordinate (y-value) and the
corresponding standard concentration as the abscissa (x-value).

Enter each data point obtained from the calibration standards, and
calculate percent relative standard deviation (%RSD) between
replicate standards.

If a regression program is not available, program the following
calculations:

L) (£x2) - (£0) (Exy)]
{n(Ex2)-(£x)2]
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[n(Exy)-(Ex) (Zy)]
[n(£x2)-(£x)2]
(n(Exy-(Ex)(Ly)]

r [(n(£x2)-(Ex)2) 1/2(nL(y2)-(Ly)2) /2]

| where: y = ax + b

a = slope

b = y-intercept

r = correlation coefficient

X = peak area

y = concentration of 2-PAM in ug/md
n = number of replicates

To obtain actual concentration of 2-PAM in the samples, the
observed absorbance should be adjusted by subtracting the average
absorbance of extraction blanks. This value is used to calculate
the 2-PAM concentration from the regression.

For example, if the following values were obtained for 2-PAM in a
sample extract,

Observed absorbance response = 1.5020

Avarage absorbance response of extraction blanks = 0.02
Corrected absorbance response = 1.482
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STANDARD QPERATING PROCEDURE 89-55
Analysis and Structural Verification of

Atropine Base in Citrate Buffer

Statement of Work: This SOP describes the entire procedures for

veritication of identity and quantitative measurement of atropine free
base by high performance liquid chromatography (HPLC). The procedures for
structural verification by nuclear magnetic resonance (NMR) of atropine
present in drug formulations are also described. The HPLC effort can be
conducted at either the MREF, HML or King Avenue, but the NMR requires the
facilities at King Avenue.

Responsibility:

1. Personnel Qualifications:

A1l technical staff will be familiar with handling hazardous materials
within the laboratory. Personnel performing the following procedures
must read and sign this SOP.

2. Leaders: Leaders of each operation will be designated by the Study
Director 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 room during operations.

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

¢. A1l leader and technical staff responsibilities specified in the
MREF or HML FSSP are followed when work is conducted at ths
respective laboratories.

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

e. Work under this SOP is performed only in the area(s) or room(s)
designated bv this SQP.

Revised February 20, 1990 - APPRQYED
AR

ot M

7
R B




3.

MREF

S0P-89-55
February 27, 1989
Page §

f. No food, beverage, or tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
prohibited 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 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 themselves and fellow workers from injury and to prevent
damage to material, equipment, and facilities.

Research Organization: The organization involved in this research is
the MREF c¥ Battelle Memorial Institute, 505 King Avenue, Columbus,
Ohio 43201-2693. .

C. Materials To Be Used:

1.

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

If the atropine dosing solution is not received in a pre-packaged torm
upon receipt, the atropine dosing solution in citrate buffer will be
stored in subdued lighting at 4 C. [f a pre-packaged form has been
received, it will be stored as directed by the supplier.

NMR spectra will be obtained on dilute solutions of the drug dissolved
in > 99.8 percent deuterium oxide (Stohler Isotope Chemicals or
equivalentg. NMR tubes wil. be the Stonler Isotope Chemicals “Ultra
Precision” model o° the equivalent model from other manufacturers.

Other materials will include acetonit: ‘le (Burdick and Jackson HPLC
Grade), methanol (Burdick and Jackson HPLC Grade), benzene (Burdick
and Jackson HPLL Grade), deionized water or miilipore water, glacial
acetic acid (Baker Reagent Grads), tetrabutylammoiium chloride
(Aldrich 98+ percent), sodium lauryl sulfate (Aldrich 38 percent),
sodium heptane sulfonate (l-heptane sulfonic acid, sodium salt)
(Aldrich 98+ percent), tetramethylammonium chloride (Aldrich 98+
percent), and helium or nitrogen gas.

Revised February 20, 1990
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Equinment: 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 staxnless-steel pans, glass stir rods, syrwngos,
needles, forceps, and latex giloves.

Proton NMR spectra will be obtained on Battelle's Varian CFT-20 Fourier
tran?form NMR spectrometer located in Room 7237-A of the King Avenue
facility.

The HPLC analytical system, to be used consists of the following: HPLC
pump, HPLC ultra violet (UV) detector, HPLC injection system
(autosampler), analytical column, strip-chart recorder (optional),
electronic data system. Any eQutvalent system may be used once
confirmation of performance has been established.

Hazards Involved:

1. Solvents: The solvents used in preparing the dilute material may have
hazards associated with their use. A copy of the Material Safety Data
Sheets (MSDS) is available from the manufacturer or through Battelle's
Safety Office at 505 King Avenue, A brief listing of hazards
ass?c&aged with handling the more commonly used solvents has been
include

a. Acetonitrile: Acetonitrile is a flammable liquid that must be
handTed as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. The 1988-1989 ACGIH TLV for
acetonitrile is 40 parts per million (ppm) as an 8-hr TWA and
60 ppm as a 15-min STEL. Skin contact may also represent a
significant route of exposure.

b. Methanol: Methanol is a flammable liquid that must be handled as
a salvent with a dangerous fire risk. The flash point (open cup)
of methanol is 12.2 C, with an autoignition temperature of 464 C.
The 1988-1989 ACGIH TLV for methanol is 200 ppm as an 8-hr TWA and
250 ppm as a 15-min STEL. Also, skin contact may represent a
significant route of exposure.

c. Benzene: Benzene is a flammable liquid that must be handled as a
solvent with a dangerous fire risk. Benzene is toxic by
ingestion, inhalation, and skin absorption. Benzene is regulated
as a carcinogen by the Occupational Safety and Health
Administration (OSHA) resultin; in excess leukemia. Containers
must say "DANGER CONTAINS BENZENE CANCER HAZARD." QSHA 8-hr
permissible exposure limit (PEL) = 1 ppm, Action Level = 0.5 ppm.

Revised February 20, 1990
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F. Safetv Reguirements:

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

2. Protective Equipment: When working in the laboratory, the following
clothing and protective gear are required as a minimum for all
personnel, This equipment must be used as directed in the FSSP.

lab coat
latex gloves (as needed)
protective eyewear

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 eye-wash fountain, shower, and
fire extinguisher will be known to all workers before work begins.

G. Procedures:

1. MREF Entrv: Before entering the secured facility, rate ths status of
the "Agent-in-Use" light at the turnstile. If tha2 “Agent-in-Use"
lights are turned on, note the room location and be sure that upon
entry to the laboratory area 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
cbserve the magnehelic gauge on the hood. [f inspection reveals that
the hood has failed, is marginal in flow, or operates outside the
guidelines of FSSP SOP M~EF-21, the problem is reported to the MREF
Manager and the operation does not begin.

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

" hood.

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

Revised February 20, 1990
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HPLC analyses may be performed on either the dosing formulations as
received, dilutions of the parent materials, or on reference standard
solutions of known concentration.

a. Analytical Reference Standard: Solid atropine sulfate standard
used as a reference material is dried at 100 C, 0.4 mm Hg for 3 hr
prior to use in a vacuum oven. This is performed by placing the
solid material contained in its original container which has had
its cap removed into a pre-heated oven. The oven is sealed and
the vacuum adjusted to 0.4 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 to reach a pH of
approximately 13 (verified by color pHast paper). This <)lution
is stirred rapidly with benzene (5.0 aL) 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 is passed again through a fresh
phase separation paper (with l.0-mL benzene rinse). The benzene
filtrate is evaporated in a rotary evaporator to yield atropine as
its free base. The s:'fate is reformed by adding a slight molar
excess of dilute 0,5G, 10 050 to the free base.

NMR samples are prepared by transfer of the deuterium oxide
soiution and transferred into an NMR tube (tube capped after
transfer) for NMR analysis.

€. HPLC Analvsis: Samples are either analyzed directly or can be
diluted so that the expected concentration range is between 0.1
and 1.0 mg/mL.

4. Preparation of Standard Solutions: Standard solutions of atropine
suifate are prepared for NMR reference spectrum and HPLC standard
curve determinations.

3. 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 close tightly.
Qutside the bag, dissolve the sample in an accurately measured
volume of 10.0 mL of deuterium cxide and recap the bottle to
minimize the contamination of the sample with undeuterated
moisture.

b. HPLC: Weigh S0 = 0.1 mg of atropine sulfate onto weighing paper.
Quantitatively, transfer the sample into a 50-mL volumetric flask
containing approximately 40 mL of mobile phase (see Section G.6.b)

R
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Mix the solution thoroughly on a vortex mixer. Dilute to 50.0 mL
with the mobile phase and remix the solution. The resulting
concintratton of the atropine sulfate wxll be approximately

1 mg/mtL.

Mix and dilute the atropine sulfate stock solution with the mobx]e
phase as follows:

10.0-mL stock + 0.0-mL mobile phase
5.0-mL stock + 5.0-mL mobile phase
2.5-mL stock + 7.5-mL mobile phase
1.0-mL stock + 9.0-mL mobile phase
0.0-mL stock + 10.0-mL mobile phase

The atropine sulfate concentrations obtarned are 1.00, 0.50, 0.25,
0.10, and 0.0 mg per mi.

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

S. Analysis Start-Up: NMR is performed to verify the structure of
atropine sulfate. HPLC is performed to quantitatively deteirmine the
concentration of atropine sylfate and confirm the identity of the
atropine in the samples.

a. NMR: (Calibrate the NMR instrument and data system according to
instructions in the operator's manual. When properly calibrated
against the standard reference solutions identified in the manual,
proceed with the analysis Section G.7.a.

b. Quantitative HrLC: Prepare HPLC mobile phase for quantitative
analysis by dissolving 2.2 g of sodium heptane sulfonate
(1-heptane sulfonic acid sodium salt) and 2.7 g of
tetramethylammonium chloride in approximately 90 mL of deionized
water. Add 1.0 mL of glacial acetic acid and dilute to 1 L and
mix. Filter buffer solution before using,

Th2 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 priur to
analysis, add 780 mL of the buffer prepared above to a l-L glass
bottle, add 20 mL of methanol and 200 mL of acetonitrile and mix.
Once the buffer has been prepared, it must be filtered and used
within 30 days.

Revised February 20, 1990 AF FRCYED,
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Insure that the appropriate analytical column has been installed
in the analytical system, and that the injector is equipped with
at least a 20 uL sample injection loop.

" A1l mobile phase must be filtered and degassed for at least 5 min

with nitrogen or helium, prior to use.

The detector and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 mL/min during the warm-up period. After
approximately 15 min, measure the flow for 5 min with a 10-mL

- graduated cylinder. The flow rate must be set at 1.0 = 0.1

mL/min. Adjust the flow rate setting on the pump controller if
necessary to obtain an actual flow rate within these limits and
re-check flow.

After the pump has been on for 30 min, adjust the detector zero
with the balance control with the detector attenuation 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 Confirmation: Prepare HPLC mobile phase for
identity confirmation by adding 6.0 g of sodium lauryl sulfate and
1.0 g of tetrabutylammonium nitrate to a l-L volumetric flask and
dissolve the reagents in approximately 500 ml of deionized water,
Adc 20 mL of glacial acetic acid to the solution and mix. The
volumetric flask is filled to the 1-L mark and the solution
re-mixed. Filter the solution with a § ym filter and store in a
clean glass bottle. Use within 30 days.

The mobile phase may be established using a gradient system with a
60 percent buffer : 40 percent acetonitrile ratic or mixed prior
to analysis. To mix the mobile prior to analysis, add 600 mL of
the buffer prepared above to a 1-L glass bottle and add 400 mL of
acetonitrile and mix. Once the buffer has been prepared it must
be used within 30 days.

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

A1l mebile phase must be degassed for at least S5 min with helium
or nitrogen prior to use.

Revised February 20, 1990 u
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The detector and the pump must be turned on /2r a warm-up period

of at least 15 min prior to system evaluation. The pump flow must -
-be set at 1.0 mL/min during the warm-up period. After

approximately 15 min, measure the flow for 5 min with a 10-mL
graduated cylinder. The flow rate should he 1.0 & 0.1 mL/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 been on for 30 min, adjust the detector zero
with the balance control with the detector set at the appropriate
attenuation. Adjust the recorder to electrical zero at “0" chart
units. Adjust the detector zeru to slightly above the electrical
zero position with the recorder balance control.

6. Analysis of Samples: NMR is performed for structural confirmation.
HPLC standards and collected samples are analyzed to determine
concentration and identity confirmation.

a. NMR: Multiple acquisitions (> 100 transients) are generally

required. Spectra will be printed on standard NMR paper and
computer referenced to the chemical shift of sodium
2,2-dimethyl-2-silapentane-5-sulfonate determtned on the same day
to facilitate interpretation.

Quantitative HPL:: The following is a set of HPLC conditions that
have been found tc be catisfactory for quantitative analysis of
atropine sulfate by HPLC (reference 1):

Column: C18 u-Bondagak or equivalent, 250-mm long x 4.6-mm inner
diameter with 5 micron particle size.

Mobile Phase: See Section G.6.b
Deector: UV 5 260 nm

Flcw Rate: 1.8 mL/min

Injec;ion Volume: 20 ul

For quantitative analysis of atropine sulfate samples, transfer
l-mt duplicate aliquots of each atropine sulfate standard to
autcsampler vials and place the vials in the autosampler in
ascending concentration order. Set up the data system to acquire
data for each standard as described in the instruction manual.
Transfer l-mL duplicate aliquots of each sample to autosampler
vials and place the vials in the autosampler.

Revised February 20, 1990
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For every ten samples to be anmalyzed, one blank sample aud 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 HPLC, a second set of HPLC cornditions is
employed. The following is a set of HPLC conditions found to be

satisfactory

for the confirmation of atropine.

Column: Supelco LC-1, 250-mm long x 4.6-mm inner diameter, with
5 micron particle size.

Mobile Phase:

See Section G.6.c

Detector: UV @ 254 nm

Flow Rate: _1

Injection Vol

mL/min

ume: 20 ul

For confirmation purposes, analyze an atropine sulfate standard

and a sample

from the formylation under these HPLC conditions.

7. Instrument Shut-Down:

rRevised

a, When the inst
time, the sys

rument is not to be used for extended periods of
tem must be shut down following manufacturer's

instructions to ensure column life and instrument stability.

b. For overnight

shut-down, iurn off the Yv detector, chart recorder,

and pump controller.

c. For weekend shut-down, follow the same procedure as for overnight

shut-down but

also cap off the analytical column to prevent the

solid phasz from drying.

Data Jeductign:

iz NMR spectra obtained in Section G.7 are compared

to rererence NMR 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.

3. NMR: Compare

the NMR spectrum for the sample with the spectrum

obtained for the atropine sulfate reference standard. Verify
correspondence of chemical shifts, multiplicities, and intensities
for structural verification ir ceajunction with HPLC findings.

February 20, 1990
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Quantitative HPLC: OQbtain printouts of the peak areas for each
standard and sample as described in the data system instruction
manual. Prepare a standard curve from the peak’ greas versus
concentration of the standards. :

Determine the atropine sulfate concentration in the samples and.
control standards using the standard curve. If necessary, correct
any dilution made to the samples prior to analysis.

If the response for any of the control standards varies from the
predicted response by more than x 10 percent, then the samples
associated with that standard are reanalyzed.

HPLC Identxty Confirmation: HPLC confinnat:on of the identity of
atropine sulfate 15 performed by analysus under a second set of
HPLC conditions, Compare the retentton times and relative
vesponses of the atropine sulfate reference standard and sample -
peak for structural confirmation in conjunction with the first set
of HPLC results and NMR conclusions.

Emergency Procedures: All personnel involved in the HML or MREF
Taboratory operations, must be familiar with the respective laboratory's
£SSP, and the emergency procedures detailed within this document, All
personnel involved in the King Avenue cperation must be familiar with HEG

H/SP 8-01 and the emergency procedyres detailed within this document.
First Aid Procedures: First aid and self aid at the MREF are to be

conducted as specified in the FSSP,
References:

*Assay of Formulated Atropine Solution, WR-5241AK, 8107753, Lot
‘No. RU7144," Report No. 527, Contract No. DAMD17-85-C-5141, SR!

Internaticnal Project No. 8504, December 10, 1985.
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1/11. SCOPE/PURPQSE:

The purpose of this Standard Operating Procedur
Radinimrunoassay methed employcd in the determina
sulfate concentrations.

[ 45U
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i%a:-rum atropine
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Therap 203: 435. é‘

2. Kradjan, W. A., s&nr;%i c., ﬁ -
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Atropine Sulfaﬁ. Chn Phama%‘nra 4

-
1v. DEFINITIONS «»Nane

'F. : v. PROCEDURES-
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Frdjust the pi tolBEEII 0.1 N HC1. Bring the volume to

1000 m! with distillad water.

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

B NN IS INE TR EE " BN B Ee Wy aaa

1. Combine the following reagents to prepare 500 ml saturated
ammonium x)ifate:

(NH,) . 257.6 grams
dxstﬁzed water  500.0 ml
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: D 2. Do not adjust pH. Store at 1-9°C.
é; . a period of one month from date of p
ieast 24 hours prior to use.

. Preparatxon of 50 percent Saturated Ammonium Su ‘;:;
" 1. Combined the following reaglnts.to prepar " 50 percent
saturated ammonium su A 2 T i

(NH,),S ?
1s‘t\1‘1ed watdir~

2. Do not adjus \
a period of pne month.f
least 24 S prior

A 1.90 o This fgagent is Segle. for
ron the flate o ,Aggtion. cpgre at

D. Preparationf : opine Stoc

pine is ,:iﬁéoncentration of
imately 40 , ia] is aliquoted and
ed. «is stable for a

ed at -70 (=

n of atropine sulfate in P8BS,

:10.0 mg atropine sulfate. Mix

ore at <70 (¢ 5)*C. The material is
year from the date of preparation.

e :thoroughly
:§§stable for

- 'Qthropwne Antisera Stock

The correct concentration of rabbit anti-atropine antisera will
be determined in preliminary testing. The stock antisera is
stored as 30 gl aliquots at -70 (s 5)°C. Dilute the antisera
to the proper concentration in PBS, pH 7.5. Prepare the
diluted antibody fresh daily. Leftover material may be frozen
and used for repeat analyses performed within a period of five
days. Thereafter, dispose of the diluted material.

G. ‘Normal Sgrum

( 1. A stock of normal serum obtained from the same species as that
of the serum samples being anaiyzed will be aliquoted and
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stored at -70 (2 5)°C. The frozen
of one year.

& assay day.

2. Aliquot(s) of normal serum are thawed fre%glyes®
ed material may

The serum is used undiluted,in the assay.

Test Samples

1. Test samples are sppr '

1.

%% Combine 250 u! g
2 ﬁmCombxnw 10 g1 DiTut il

ne Stock as well as
flutions a and b at the

left ropine Stocige!
ui the RIA sef:up.

bStoc N
yrmalifery e species as the sera under
halyses, Bbe modified proportionately in order

:" es for larger or smaller

'f;ﬂexper1ments B unused material at the end of the

" Prepare Stock D UPukambfing 200 s1 Stock A with 2.3 ml norma!
sera derived from the same species as the sera under analyses.
The volumes may be medified proportionately in order to prepare
the correct volumes for larger or smaller experiments. Dispose
of the unused material at the end of the test day.

5. The RIA procedure is set up as described on the attache. form
entitled "Atropine Sulfate Radioimmunoassay Tube Setup".
Reagents are aliquoted to 12 x 75 mm polystyrene RIA tubes 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 (¢ 1) hours at 1-9°C.
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Completion of RIA (Day ?
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8. bPrepare the total counts control byaddi
each of two 20 ml scintillation vial&as
and 1.0 m] distilled water to each via gad:. i

1. Add 0.5 m] 100 percent safsittzd ammon ium & 2ach RIA
tube. Vortex for 5-10 smcond¥iZ-imcubate fig Y
1-9°C. Centrifuge atyay 8 >
. 30 minutes at room < e the
supernate with a ) g X on
container for r

2. Add 1.0 m! 50%percesf.sa
Vortex for 5310 secon p
(1550 x g)¥for 30 mlnute!fitiaT
pasteur gipet-and tiansfe %
_liquw%nsta =

;_‘ supernate with a
pr.radioactive

4.?«¥}ansfer the contents of a e kparate
4§;' sciatillation vial by g 0g. Rinse the RIA tubes
i 0,31 Hydrofluor e fluid to the respective

b bnde

kTs for 10 migates or to a preset error of
! gatillation counter,

ata analysis i

(Pharmacia Wallac). Data is recorted as ng/ml.

A1l equipment and instrumenis will be operated, calibrated, and
maintained according to their respective SOPs.

The study director or his designee will review all raw data,
completed data forms and other pertinent study records.

v bveb th b Bt d bl idedos. in'duri‘ Pladhor wv s o

el AAs
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3. The form entitled "Atropme Sulfate Radm-moassay Tube, Setup"
l datails the contents of each standard, contpel, and sampie tube and
will be employed daily during assay set up jasure carrect
. distribution of reagents. o
i it
I“f 4. The form entitled “Record For Muments. Equipmeut‘. Reagents Used
For Radioimmuno2ssay” will be { . reamts and
lf equipment used in an assay..g.
4 j

5. The form entitled "Atrop
to record the identifi ton ar
samples for an assay :

6. Preparation of buﬁrs avd?at&er

attached form e Ted “Buffer/f.

7. A series of Im,-uhum, and high* 3
;the quality of each exgeriment. Control data

- L

experiment #8 ass
will be t@btﬂated ' run and will d by the study
dire . .. 2
)» ) :f ‘% . AN
] 8. Addx } control parame erg- %L, B/T, slope and

m the regression curve and other parameters are computed
byRiaCa'k: OM. These will h&tabulated fuceach experiment and
~ reviewed byith o




-

Manual Number:

Battelle SOP Number:
Effective Date: :
Page 7 of 10

BUFFER/REAGENT PREPARATION

tudy:
Project:
Buffer/Reagent:

Buffer Storage Conditions:
Constituents:

£ Amount

W .
Reagent Supplier exdi- Used

“&
faiies

Betermwnat1on No.&

stment (Reagent and Volume):
H Meter: 8CD ID: Final pH:

Comments:

Prepared By: Date:
Reviewed By: Date:
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ATROPINE SULFATE RADIOIMMUNOASSAY TUBE SETUP

PROJECT N

& }:h-om -00

;. | cemberza 1990

> p No: é

DATE: RUN No.
Tube Cosc. Standard Sample |  Buifer | Nommal opine
No, Serum hate
e §
Standard Curve R 1
1 T. Tube Nooe |- TN Bl W0 ul
2 T. Tube Noge oL |
3 NSB Noge 430 ul .
4 NSB Nooe Bl -
S 0 p2 None {330 uL ul’] 100w o §
6 0pg Nace *330 uL ol ul 20 uBR}
1 0 ps Mme | - « 330 . ¥50 2 20 uL |
] 0ps e None R 52 T 100z 20 ul
9 25pg | 25ak.SwckB MWl 10geal, 204l
10 25 pg | Sl SodSB. BBy 305 oL el 2004l |
i S0pg ) S5O ul Stock 280 ul. 0L
12 Sapg| SO uL Stock B ol 20 oL
13 418pg | 7Sul Stock B 100k 20 oL
13 7%pg| 75ul Stock B 100 uL 20 ol |
15 f"xoo P8 Fo300ul Siock B 100 oL 20l
1§ 100 pg 100 ul. 20l
4B i fooer 450 Py 100 uL 20l |
.. [ "eag30 pg |~430 100 uL Wl )
1% 28pg 110 100 vl 20 oL |
e[| 20 CB5 290 0g 100 ul 20 oL
n 8 21 P800 pp 100 ol 0l |
s 2%, ps 100 ul | 20 uL
~ ot Y0 pg 100 ul. 204l
£or | WUEF- 750pg | 30ul Stock A | 100 uL 0l
e § e 1000pg| olSwckA | T] 0] S0uL] 100 20 L |
28 1000pg | 40ol Stock A || 290ul | S0al | 100wl 20 ul
el Quality Cocarol Wgrre Ty fR T ’-‘2&&‘ CRERS AP
27 100 pg | SOuL Stock D L<-ov ~~] 330l p=Asngsi| 100al 200l
2 100pe | SOaL Stock D | wr~iwof 330 ol [-timre®¥] 100 uL 20 uL
29 250pg | 2SuL Stk C | ~ 330l | 25al | 100ul 20uL |
30 250 pg | 28 ul Stock C 330wl | 25d.} 100ul 20 uL |
31 500 pg | SO oL Stock ¢ 330ul T 100 Wl | 20 uL
32 | S00pg| SOuL Stk C 330 uk = 100 ul. | 20 ul. |
Samples (Auopwe Rua List) | SOul | 320 ol . 100 uL 20l !
] Sampies (Auopwe Run List) | S0ul | 330l =] 100ul 20 uL
Techmdan Signature: Dae:
Reviewed By: Date:




Date:

Study Control No:

Tube

No. .

Sample ID or Code
(Source)

——

Draw
Time

Run No.

Draw

& Project No,

Page No.

s
a | i
: - ! Sy
X i £
. K
’ ) el ’ i
% Wb [
"‘f,‘ -~ '.\..’ b

slon
Y e : i
W N
-
L) > M

é‘.. L9 "

vt bt 3
By g t&o AR !
? :

> tvon

Ny

4

Ogerator Signature:

Reviened B




RECORD FOR INSTRUMENTS. EQUIPMENT, REAGEN TS
USED FOR RADIOIMMUNOASSAY

Project:

SN

Ieswement/ Equipment

Gamma Counter

Scinullaneo Counter

Water Bath (Temp.)

o J I

Heating Blocks/Dry
Bat (Temp))

Incubator (Temp.)

N |

Refngezator (T ern;;.)"c )

-~

B
Freezer (Tempgh'~

-

Other: Incub:ﬁm'ﬁme
B

&

Comments:

T:chrucran Sigoarure:

sviewed By

Manual Number:

Battelle SOP Numbg#z-#"TOX V1-014-00
Effective Dat :
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APPENDIX C

Pharmacokinetic Analysis Data for Individual Animals
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APPENDIX D

Sample Pharmacokinetic Modeling Program Used in Analyses
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. ) D1
LIBMAME REG '[TS.15.ATROPINE.MCA]';
OPTIONS LS=80;
DATA TRUNC;
SET REG.MCARAW;
IF ANIMAL=87 AND CONC NE O;
PROC MEANS NOPRINT DATA=TRUNC:
VAR T; . '
ID ANIMAL;
QUTPUT QUT=MAX MAX=MAXT;
DATA MAX2;
SET MAX;
TYPE_='FINAL';
PROC SORT; BY _TYPE ;
PROC NLIN DATA=TRUNC CONVERGE=1E-2 MAXITER=100 METHOD=MARQUARDT OUTEST=ESTIM;
PARMS A=4.44
B=7.01
ALPHA=0.049
BETA=0.005
KA=0.40;
AEXP=EXP(-ALPHA*T):
BEXP=EXP(~BETA*T);
KEXP=EXP(-KA*T);
MODEL CONC=A*(AEXP-KEXP)+B*(BEXP-KEXP);
DER.A=AEXP-KEXP:
DER.B=BEXP-KEXP;
DER.ALPHA=-A*T*AEXP:
DER.BETA=-B*T*BEXP;
' DER.KA=(A+B)*T*KEXP;
TITLE *TWO-COMPARTMENT ATROPINE PHARMACOKINETICS MODEL';
TITLE2Z 'TASK 89-15 MCA AUTOINJECTOR';
OUTPUT OUT=REG.PB70UT P=CONCHAT L95M=LCL U95MsUCL;
PROC SORT DATA=ESTIM:
BY _TYPE_;
PROC PRINT DATA=REG.P870UT;
DATA EST;
SET ESTIM;
IF _TYPE_='FINAL';
DA(A REG.MCAANST7;
MERGE EST MAX2; BY _TYPE_;
D=1950000;
DX=1;
X==1;
SUMY=0;
PART=1;
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D-2

0O 'UNTIL (X GE 240);

* ALTERNATIVELY, ' THE ABOVE STATEMENT COULD READ DO UNTIL (X GE MAXT);
X=X+0X;
Y-A'(EXP(-ALPHA'X)-EXP(-KA'X))+B'(EXP(-BETA'X)-EXP(-KA'X)),
SUMYaSUMY+Y;

PART=Y/SUMY;

[F X=1 THEN 00; SUMY1l=SUMY; END;
ELSE IF X=2 THEN DO; SUMY2=SUMY; END;:
ELSE [F X=3 THEN 00; SUMY3=SUMY; END:
ELSE [F X=4 THEN DO; SUNY&-SUNY' END'
ELSE IF X=3 THEN 00; SUWS-SUMY' END;
ELSE IF X=6 THEN DO; SUMYG=SUMY: END:
ELSE IF X=8 THEN 00; SUHYB*SUMY: END:
ELSE [F X=12 THEN DO; SUMY12s=S5UMY: END;
ELSE IF X=16 THEN 00; SUMY16sSUMY: END;
ELSE IF X=20 THEN 00; SUMY20s=SUMY: END:
ELSE IF X=40 THEN DO; SUMY4Q=SUMY: END;
ELSE IF X=60 THEN DO; SUMYGQ0=SUMY; ENO;
ELSE IF X=80 THEN 00; SUMYS0=SUMY: END;
ELSE IF X=120 THEN 00; SUMY120=SUMY; END;
ELSE IF X=180 THEN 00; SUMY18Q0=SUMY:; END;

EmE!.SE IF X=240 THEN DO; SUMY240=SUMY: END;

INTAUC=SUMY*0X;

CALCAUC=A/ALPHA+B/BETA-(A+8) /KA;

D1=A*{KA-ALPHA) +8*(KA-BETA);

KZI-((A'BETA'KA)+(B'ALPHA'KA)-(A+B)'ALPHA’8£TA)/01°

KEL=ALPHA*SETA/X21:

KIZ-ALPHA+BETA-K21~KEL:

V1=0/(A+8)/1000;

Vdbeta=V1*XEL/BETA;

TBETA=LOG(2)/BETA;

TMAX=1/(KA-KEL) *LOG(XA/XEL);

CMAX=A" (EXP{-ALPHA*TMAX) «EXP( «KA*TMAX) )ﬂ'(EXP(-BETA'THAX) ~EXP(-KA*TMAX) ) ;

OROP _TYPE_ _NAME_ JITER_ SuMy 01;

PROC PRINT:

TITLEL 'TASK 89-15: TWO-COMPARTMENT PX MODEL FOR MCA ATROPINE .
AUTOINJECTOR‘;

TITLEZ 'PARAMETERS FOR ANIMAL 87': -

VAR _SSE_--Y INTAUC--CMAX;

PROC PRINT
VAR Suml--sumzao:




