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FOREWORD

In conducting the resedich described in these proceedings, the investigators adhered to the "Guide for
the Care and Use of Laboratory Animals,” prepared by the Committee on Care and Use of Laboratory Ammals
of the Institute of Laboratory Animal Resources, National Research Council.

The views expressed in these proceedings are those of the authors ana do not reflect official policy or pos:- .
tion of the Department ot the Army, Department of Defense, or the U.S. Government.
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Preface

SR L

the 1984 US Army Medical Research and Development Command Bioscience
Review was an unqualified success. It represented the fourth consecutive
year of growth in terms of both quantity and quality of the presentations.
Moreover, the Review retained its status as a major forum for military/

¢
-

A

.

-,
T

A K

d civilian scientist and government/management information interchange among k-
g the many organizations involved in medical chemical defense research in i
! the Department of Defense. L
i

The level of maturity of the total in-house and extramural Army medical a

research and de' :lopment efforts in chemical defense were reflected in this ot
| review. For those involved in planning, programming, and execution of a ﬁ
1 relatively young rejuvenated medical chemical defense research program over o
the past five years, it was gratifying to see the enthusiasm and dedication i~

4 of experienced and new scientists support or refute old concepts and find -
new answers that may yield real progress for a number of nagging, difficult, :

biomedical scientific questions. -
7%
Summaries contained herein report a fraction of the research that is ..
now underway to address the chemical agent threat. Total in~house and -
contract efforts are aimed at a large array of questions, most of which L
were not addressed just a few years ago. It is the purpose of the annual Ry

Bioscience Review to keep the medical chemical defense workers and interested ”

DOD managers abreast of those efforts. A new and expanded review format :
for 1985 is being planned to help meet the need and increased interest in W
this subject. '
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ABSTRACT

Mouse and guinea pig models have been developed to identify and evaluate
treatment compounds with greater nerve agent antidotal efficacy than that
afforded by the standard therapy of atropine sulfate (ATS) and pralidoxime
chloride (2-PAM). The full range of protective efficacy has been defined for
combination therapies of ATS/2-PAM against soman (GD), tabun (GA), and sarin
(GB). Optimal treatment doses of ATS/2-PAM and corresponding maximum nerve
agent challenge doses have been selected from these studies and used as
referenced standards for screening and evaluating candidate treatment
compounds. Compounds (at doses equivalent to non—lethal fractions of the test
compound LD50) are initially screened in mice against GD. Those compounds
identified as more efficacious than ATS/2-PAM are further screened and
validated in guinea pigs for efficacy against GD. To insure that compounds
identified in the mouse and guinea pig screen are not restricted to efficacy
against GD, they are also screened in both the mouse and guinea pig against GA
and GB. Compounds which are found to be more efficacious than ATS/2-PAM
against these agents are then tested alone and with appropriate adjunct
against multiple agent challenge doses (GD, GA, and GB). These standardized
methods provide an efficient, reliable means to identify and rank order nerve
agent antidotes more efficacious than ATS/2~PAM,
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Introduction

Drug screening programs have historically proven to be one of the
preferred methods for identifying pharmacologically active compounds. Such
programs have been utilized to evaluate the activity of structural analogues
of proven, active compounds, as well as to evaluate novel, newly synthesized
chemical structures. Drug screens are generally designed to evaluate a
singular pharmacological drug property, with the intent being to both identify
active compounds and eliminate inactive ones. The published literature
abounds with numerous in vitro, in situ, and in vivo drug screening techniques
(1,2,3). The preferred type of screem for evaluating compounds for clinical
use potential has been to use animal model correlations of the specific human
condition being investigated.

It would, therefore, seem logical to utilize in vivo drug screening
programs to identify and evaluate potential nerve agent antidotes. This
approach has been utilized in the past by several different investigators
(4,5,6). These investigators have utilized numerous animal models, including
the mouse, rat, guinea pig, rabbit, dog, and monkey and have further utilized
vastly differing evaluation techniques (4,5,6,7). This, of course, has
resulted in differing results and interpretations among the various investi-
gating laboratories. Our intent has been to develop and implement a
standardized in vivo screening and evaluation program to identify and evaluate
compounds which provide greater protection against nerve agent—induced

lethality than that afforded by the standard therapy of atropine sulfate (ATS)
and pralidoxime chloride (2-PAM),
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Materials and Methods

The basic methodologies for our testing program are outlined in Figure 1.
Two animal models were developed; an ICR male mouse model, and a Duncan
Hartley, mixed sex, guinea pig model. These two species were chosen because
they are both readily available in inbred strains, thereby reducing the chance
for intraspecies variability. In additioun, the literature has shown a marked
difference between these two species in magnitude of response to both agent
challenge and traditional oxime/cholinolytic therapy (4,5).

As shown in Figure 1, the mouse was chosen as the primary test species.
This is because the mouse is one of the least responsive laboratory animals to
treatment with traditional oxime/cholinolytic therapy (4,5). The premise here
is that compounds which prove efficacious in the mouse model would have the
greatest probability of being efficacious in other species, including man.
The guinea pig was chosen for a secondary validation species, primarily
because this species is more responsive to therapy (4,5, and would, therefore,
provide a greater margin for evaluation and eventual comparison of therapies.

The choice of agent challenge route was based on logistics and
practicality. Although the anticipated route of nerve agent exposure in a
field situation would be via inhalation (8), such a route is impractical for
precise dosing of such large numbers of animals as would be required for a
drug screening program. For this reason, the intramuscular (IM) route of
agent exposure was chosen for the mouse model. This route allows precisely
controlled administration of agent to large numbers of animals, with a
relatively rapid absorption and distribution of agent. The subcutaneous (SC)
route of agent exposure was chosen for the guinea pig model because this route
also allows the precise administration of agent to large numbers of animals,
but provides a somewhat delayed absorption and distribution (i.e., onset).
This delay in onset allows further latitude in the evaluation and comparison
of candidate treatment antidotes.

The route selected for administration of candidate treatment compounds
was IM. This route was chosen as it is the current route of administration of
antidotes in the field (9)., The preferred dose volume selected for candidate
treatment compcunds was 0.5 ml/kg. A volume of 1.0 ml/kg was utilized, if so
dictated, by low solubility of the candidate compound.

All candidate therapy compounds were first toxicity tested to determine
the range and limits of acute (24 hour) IM lethality. Compounds were then
screened for efficacy at one—quarter fractions of their acute LD50 as
determined by probit analysis (10). Those compounds for which the solubility
limits or toxicity were too low to allow assessment of the acute IM LD50
(within the physiologically acceptable limits, 1.0 ml/kg maximum volume) were
efficacy tested at quarter fractions of the compound solubility limits.
Candidate treatment compounds were administered at 10 seconds post agent
challenge in the mouse and at 60 seconds post agent challenge in the guinea

pig.
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The nerve agents of concern for our screening and evaluation programs
were soman (GD), tabun (GA), sarin (GB), and VX. The agent VX is not listed
in Figure 1 because data will not be presented here on efficacy testing of -
treatment compounds against this agent. As indicated in Figure 1, GD is the -]

primary agent of concern. This is because GD is one of the most rapidly aging E
and, therefore, least responsive agents to therapy (ll1). Compounds were, g
therefore, screened initially against GD in the mouse model. Those compounds -
which provided greater protective efficacy than ATS/2-PAM were further =
screened in the guinea pig model. Compounds which were thus validated as i
providing greater protective efficacy against GD than ATS/2-PAM were then -~
screened and evaluated for protective efficacy against the other nerve agents. R
This, of course, was to preclude selection of an antidote for field develop— Ny
ment which may have limited efficacy against a nerve agent other than GD. )
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Results and Discussion

As previously indicated, our intent has been to develop a standardized
screening program for identifying and evaluating nerve agent antidotes. One
of the primary concerns for a standardizing program of this sort is that of
test animal response to agent challenge. If a candidate compound is to be
selected for or eliminated from further testing based on results of an agent
challenge screen, one must be certain that the agent challenge doses used and
the animal response falls within some acceptable limits. Although the agent
stock that we use for our testing is evaluated for agent concentration by gas
chromatographic (GC) analysis, animal response to agent challenge has been
shown to vary according to daily circadian rhythm, seasonal variability,
isomerization, and, of course, dilution error (12,13,14). Since agent potency
is a directly comparative measure of response to a particular drug/compound
dose, we utilize a daily agent potency check in the particular animal species
being tested to assure that both the agent concentration and the animal
response for that particular study are within acceptable limits.

An additional concern for these types of conclusions is that the
biological response to agent-induced lethality, i.e., agent potency, follows a
Gaussian frequency distribution (15). If responses to an agent were found to
be skewed or otherwise nonnormality distributed, because of slight differences
in agent concentration or animal variability, evaluation of results and
comparison of compounds would be greatly complicated. For these reasons, we
have compiled the lethality data from multiple, daily agent potency checks for
GD, GA, and GB in both mice and guinea pigs. This has allowed us to assess
the frequency distribution of agent-induced lethality in these two species and
to further insure that the response to an agent for each particular study
falls within statistically acceptable limits.

The next six figures illustrate the results of these assessments.
Figure 2 shows the frequency distribution of the acute LD50 of GD in mice.
The mean LD50, variance, standard deviation, range, standard error of the
mean, coefficient of variation, degree of skewness, and degree of kurtosis
were determined for all the frequency distributions shown in Figures 2 through
7. As shown in Figure 2, the ordinate indicates the log LD50 of GD and the
abscissa indicates both the number of LD50 data points for each LD50, as well
as the percent relative frequency. The data in Figure 2 are representative of
65 consecutive GD LD50 determinations in mice. As can be seen from the
illustration, GD lethality in mice is perfectly lognormally distributed (16),
with a mean LD50 of 97.70 ug/kg. Figure 3 illustrates that GD-induced
lethality in guinea pigs is also logaormally distributed, with a mean LD50 of
28.00 ug/kg. These calculations are also based on the results of 65 different
GD LD50 studies. Figure 4, based on only 14 different data sets, illustrates
the frequency distribution of the LD50 for tabun in mice, with a calculated
mean LD50 of 304.16 ug/kg. It is apparent that the data do not fit a
lognormal! frequency distribution curve as perfectly as dia the GD data for
both mice and guinea pigs. This is most probably because fewer data points
(14 compared to 65) were used for this plot. It has been our experience that
as more data points are added to the frequency distribution curve (from daily
experiments), the more precise the lognormal fit becomes. As new experiments
are conducted, the new LD50 data will be added to the data shown hzre to
update the assessment of the frequency distribution.
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Figure 5, based on the data from 21 daily agent potency checks,
illustrates the cumulative frequency distribution of tabun lethality in guinea
pigs. The calculated mean LD50 is 118,48 ug/kg. Figure 6, based on 24 LD50
studies, illustrates the cumulative frequency distribution of sarin letheclity
in mice. The calculated mean LD50 is 178.75 ug/kg. Figure 7, based on 22
LD50 studies, illustrates the cumulative frequency distribution of sarin
lethality in guinea pigs, with a calculated mean LD50 of 42.72 ug/kg.

These data calculations indicate that agent-induced lethality (for GD,
GA, and GB) is lognormally distributed, thus allowing comparisons of agent
lethality data for different agent concentrations and for studies conducted on
separate days. These data also permit daily agent potencies to be compared to
a stanc cumulative frequency distribution curve of agent potency to assess
whether or not the agent response for each individual study conducted *s
within acceptable limits. For results of a study to be valid in our
laboratory, we have determined that the agent potency for each study must be
within the 99 percent tolerance limit of the 95 percent confidence interval of
the data presented in Figures 2 through 7. These 1limits have allowed us to
reject screening and evaluation results based on assessments made when the
agent dilutions used were of greater or lesser potency than acceptable. In
addition, these selection methods have provided the means to identify statis-
tically valid experimental results.

As previously stated, the purpose of developing a standardized screening
and evaluation program is to identify compounds with greater efficacy than
ATS/2-PAM. 1 Zicacy of nerve agent antidotes is most often assessed as
protective rzsio (PR) (4). Figure 8 illustrates a hypothetical example of PR,
calculated by the agent LD50 following treatment divided by the untreated
control agent LD50. As an example, a PR of 2.0 would indicate that a
treatment compound would double the population mean LD50.

Drug efficacy is defined as the maximum response that a drug can nrovide
(17). The efficacy response that we are looking for in potential nerve agent
antidotes is the ability to increase PR. This does not mean that compounds
should be evaluated on an equivalent molar basis, for this would provide only
an assessment of relative potency, not efficacy (17). This further indicates
that to identify compounds which provide greater efficacy against agent-
induced lethality than ATS/2-PAM, the full range and limits of protective
efficacy of ATS/2-PAM therapy must be assessed for each nerve agent of concern
and for animal models to be used. The purpose of such an assessment would be
to determine both the optimal combination therapy of AIS and 2-PAM for
treatment of each of the nerve agents, as well as the greatest degree of
protection (maximum efficacy) provided by that dose combinationm.

We conducted studies to determine the optimal dose combination of ATS and
2-PAM for treatment of GD, GA, and GB-induced toxicity in both mice and guinea
pigs. Figure 9 shows the results of an ATS/2-PAM optimum dose study in
GD-challenged mice. Note that although several dose combinations of ATS/2-PAM
provided similar levels of protection, efficacy did not exceed a PR of 2.0,
irregardless of treatment dosage used. This figure shows a plot of the actual
data points. A dose of 11.2 mg/kg ATS combined with 25.0 mg/kg 2-PAM gave a
protective ratio equivalent to greater than 90 percent of the meximal attain-
able protective response. This dose combination was selected as the standard
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optimal ATS/2-PAM dose for testing and comparing other candidate antidotal
compounds .

Similar studies were conducted in GA- and GB-challenged mice and in GD-,
GA-, and GB-challenged guinea pigs. Figure 10 shows the results of a similar
ATS/2-PAM optimal dose study in guinea pigs. Again, actual data points are
plotted, not calculated, "best-fit" curves. It can be noted from this graph
that, as previously indicated, the guinea pig is more responsive to therapy
than the mouse, with achievable protective ratios greater than 3.7. This
value is almost double that attainable with ATS/2-PAM therapy in the mouse.
Also, note that much higher ATS/2-PAM doses are required to achieve maximum
protective efficacy.

Figure 11 shows still another ATS/2-PAM optimal dose study. This one 1is
in GA-challenged guinea pigs. Here we see that GA-induced lethality is even
more amenable to treatment with ATS/2-PAM than was GD in either the mice or

the guinea pig. We see here an achievable PR of greater than 4,6.

Rather than demonstrating the composite ATS/2-PAM optimal dose plots for
each of the G-class nerve agents in both the mouse and the guilnea pig, a
composite graph of these data has been compiled. Figure 12 illustrates the
computed optimal combination therapy dose of ATS and 2-PAM for treatment of
each of the G-agents (in the mouse and guinea pig) and the corresponding
protective ratios. WNote that, in both animal species, GD is least amenable to
therapy, whereas GB is most amenable to therapy. Also note that, for each
agent, the guinea pig is more responsive to therapy than the mouse. One
additional comment should be made here in regards to therapy, and that is the
magnitude of the response of GB-challenged guinea pigs to ATS /2-PAM therapy.
Note the PR of 56.0 in GB-challenged guinea pigs compared to a PR of only 2.2
in GB-challenged mice. Although I cannot, at this time, tell you the exact
reason for this large interspecies disparity, basic research into this
phenomenon could answer some important questions regarding the mechanisms of
both agent-induced toxicity and response to therapy.

Refer to the optimal dose column. These doses are used to screen and
compare other candidate treatment compounds. As previously stated, candidate
compounds are first toxicity tested to determine acute 24-hour lethality and
are screened at 1/4 fractions of their calculated LD50, usually at 1/4 and
1/8 fractions. Candidate oximes are screened alone and in combination with
the optimal ATS dose. Candidate chol’ wlytics are screened alone and in
combination with the optimal 2-PAM d.se. Candidate third component compounds
such as anticonvulsants, non-oxime reactivators, ang sympathomimetics are
screened alone, in combination with ATS, 2-PAM, and ATS plus 2-PAM.

The last column in Figure 12 shows the LD90 dose. That is the agent
challenge dose that would result in 90-100 percent mortality in animals
treated with the optimal dose of ATS/2-PAM. The number on the left indicates
the actual challenge dose in ug/kg. The number on the left indicates the
equivalent LD50 multiple for untreated animals. To illustrate, for mice
treated with 11.2 mg/kg ATS and 25.0 mg/kg 2-PAM, a challenge dose of
196 ug/kg would result in 90-100 percent mortality. This dose, 196 ug/kg, is
equivalent to twice the GD LD50 in untreated mice, that being 98.0 ug/kg.
Note that the LD90 dose for GB-challenged guinea pigs has not been accurately
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determined yet. This is because this model is so responsive to therapy that
extremely high levels of neat, that is non-exempt (or dilute), agent must be
used to accurately assess this value and must, therefore, be done in the BA
or neat agent laboratory. Logistically, we have not as yet been able to
compare the necessary experiments to accurately assess this value.

The value of this LD90 challenge dose is that this is the agent challenge
dose used iIn screening candidate compounds. The premise is that if animals
are challenged with this dose of agent, only 0-10 percent will survive, even
if treated with the optimal dose of ATS/2-PAM. Likewise, if a candidate
compound does not provide greater protective efficacy than ATS/2-PAM, only
0-10 percent of these animals will survive a similar agent challenge. If,
however, a candidate compound provides greater protective efficacy than
ATS/2-PAM, more than 0-10 percent of those challenged with the LD90 agent dose
will survive.

Figure 13 will serve to clarify how these therapy and agent challenge
doses are used to screen potential treatment antidotes. Figure 13 shows the
screening results of the oxime TMB-4 against GD-challenge in mice. This oxime
has been reported to be equal to or slightly more efficacious than 2-PAM
against GD (18). Each bar represents 10 mice challenged with 2 x LD50 of GD.
The bars with mice treated on the left represent the optimal dose of 2-PAM,

25 mg/kg or with doses of TMB-4 equivalent to 1/8 aand 1/4 of the LD50 of
TMB-4. Note there are no survivors with 2-PAM alone or with the 1/8 LD50
fraction of TMB-4. The 1/4 LD5S0 fraction, however, shows slightly greater
efficacy with 10 percent surviving. The bars on the right represent the same
oxime doses combined with the optimal dose of 11.2 mg/kg ATS. Again we see no
survivors with 2-PAM plus ATS or with the 1/8 x LD50 fraction of TMB-4 plus
ATS, but we see a 10 percent survival rate with the 1/4 x LD50 fraction of
TMB~-4 plus ATS. Although the difference here is not statistically
significant, it does indicate that TMB-4 is equal to and perhaps slightly more
efficacious than 2-PAM. A repeat of this study did, in fact, reconfirm these |
findings. i

Figure 14 illustrates the screening results of another oxime, toxogonin,
in GD-challenged mice. This oxime has also been reported to be equal to or i
slightly more efficacious than 2-PAM against GD-induced lethality (19). Here
again we see the results of 1/8 and 1/4 fraction of toxogonin screened alone
and in combination with ATS. Again we see indication that toxogonin is only
slightly more efficacious than 2-PAM against GD-challenge, with no survivors
with 2-PAM alone or combined with ATS. We see, however, a 10 percent survival
rate with 1/4 LD50 of toxogonin alone and with 1/8 and 1/4 LD50 dose of
toxogonin plus ATS.

Figure 15 illustrates the screening results of the oxime HI-6, in ;
GD—-challenged mice. This oxime has previously been reported to be much more
efficacious against GD in both in vitro reactivation studies and in vivo
screening and evaluation studies (20). Here we see these results valldated in
our screen. Note that we get 30 percent survival with the 1/8 LD50 fraction
of HI-6 without ATS. This has been the only oxime we have screened, thus far,
that has provided greater efficacy by itself, that is without adjunct therapy,
than the optimal dose of ATS/2-PAM. Note that when combined with ATS, HI-6
provides much greater protection than that afforded by the optimal dose of
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X ATS/2-PAM, providing, in fact, 100 percent survival at the 1/8 LD50 fractionm.
~ The slightly lesser protection attained with the 1/4 fraction compared to the
{'. 1/8 fraction is, most probably, due to the fact that 153.4 mg/kg of HI-6 is

§ near the LDOl dose for HI-6 and may, in fact, be slightly toxic, especially
when combined with GD-challenge.

As stated earlier, candidate compounds are also screened in guinea pigs.
Figure 16 illustrates the screening results of TMB-4 in GD—challenged guinea
pigs. Here again, each bar represents 10 animals. Note the higher GD LD90
challenge and the higher optimal ATS/2-PAM doses. The results here indicate
that TMB~4 is not more efficacious than 2-PAM against GD-challenge in the
guinea pig.

Figure 17 illustrates the screening results of toxogonin in GD-challenged
guinea pigs. Here, again, we see no indication that toxogonin is more
efficacious than 2-PAM against GD,

Figure 18 shows the screening of HI-6 in GD-challenged guinea pigs. Here
we can see, as in the mouse, that HI-6, when combined with ATS, provides
greater protective efficacy than the optimal ATS/2-PAM therapy.

I do not intend to present you with a periodic table of all compounds we
have screened against agents in both mice and guinea pigs. I would, however,
like to show you the screening results of these three oximes, TMB-4,
toxogonin, and HI-6 against GA. These results are important for two reasons;
first, because of the recent interest in tabun due to the confirmed use of it
in the Iraq-Iran conflict (21) and second, because the results tend to
validate our screening model.

The literature reports an inverse in the order in the efficacy for TMB-4,
toxogonin, and HI-6 for treatment of GA as compared to treatment of GD (22).
That is, TMB-4 and toxogonin have been shown to be more efficacious than HI-6
against GA.

Figure 19 shows the screening results of TMB-4 in GA-challenged mice.
Note that greater protection is provided Ly 1/4 LD50 TMB-4 alone and with 1/8
and 1/4 LD50 TMB-4 plus ATS as compared to the optimal dose of ATS plus 2-PAM.
In fact, a level of 100 percent survival has been achieved with the higher
dose of TMB-4 plus ATS.

Figure 20 shows the screening results of toxogonin in GA-challenged mice.
Again, we see significantly greater protection with both doses of toxogonin
plus ATS than was provided by the optimal dose of ATS/2-PAM. This compares to
a maximum percent survival of only 10 percent with toxogonin treatment in
GD-challenged mice.

Figure 21 shows the screening results of HI-6 in GA-challenged mice. We
see confirmation of the previous reports that HI-6 is much less efficaclous
against GA than TMB-4 and toxogonin. Again, this also confirms the literature
which reports HI-6 to be more effective against GD than against GA. If you
will recall, the previous slides showing the HI~6/GD screening results also
verified this.
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The next three figures illustrate similar screening results for TMB-4,
toxogonin, and HI-6 in GA-challenged guinea pigs. Figure 22 illustrates TMB-4
screening results in GA-challenged guinea pigs. Note the greater percent
survival with TMB-4, as compared to the optimal ATS/2-PAM dose, with 100
percent survival achieved with the 1/4 LD50 fraction of TMB-4 plus ATS.
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Figure 23 shows the screening results of toxogonin in GA-challenged
guinea pigs. Greater protection is provided by both doses of toxogonin
combined with ATS as compared to the optimal ATS/2-PAM dose. This, again,
corresponds to the mouse GA screening data and to the previous literature
reports (22).

This procedure, then, typifies the screening program developed for
evaluating potential nerve agent antidotes. Although I have shown only the
results of screening oximes, these procedures have also proven valuable for
screening cholinolytics as well as other, third component adjuncts. As stated
earlier, cholinolytics are screened alone and in combination with the optimal
2~PAM dose. Third components are screened alone, in combination with 2-PAM,
ATS, and ATS plus 2-PAM. Compounds that do not provide greater protection
than ATS/2-PAM are eliminated from further testing. Those which prove more
efficacious are subjected to optimal dose studies, as was done for ATS and
2~PAM, to define both the maximum efficacy afforded by that compound and the
corresponding optimal dose.

Behavioral tests are currently being developed and implemented to
evaluate identifiable efficacious compounds for cognitive and performance
incapacitation. Those compounds which are identified as providing greater
protection than ATS/2~PAM at non-incapacitating doses will be subjected to
further developmental testing in the primate model.

To date, we have tested and evaluated more than 80 compounds in more than
250 separate efficacy tests. The published literature reports efficacy data
on 15 of those compounds we have, thus far, tested in the mouse and/or guinea

pig against GD, GA, and/or GB. The screening results we have obtained, thus
- far, correspond completely with results reported in the literature. It
- appears that these factors tend to verify and validate the standardized
- screening and evaluation program developed.
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DRUG TESTING & EVALUATION METHODOLOGY

I. Test Species
A. Mouse — Primary Test Species
B. Guinea Pig: Secondary Test and

Val idation Species

II. Agent Chal lenge Route
A. Mouse: Intramuscular (8.5 ml/kg)
B. Guinea Pig: Subcutaneocus (.08 ml/kg)

III. Candidate Compound Dosing
A. Dose Route: Intramuscular (IM)
B. Dose volume: 8.5-1.08 ml/kg
C. Dose: Based on cne—quarter fractions
of the test compound acute (24 hr)
IM LD58; those compounds for which
the LD5@ cannot be determined are
tested at cuarter fractions of the
compound solubility limits
D. Time
{. Mouse: |0 seconds post—agent
chal | enge
2. Guinea Pig: 608 seconds post—-agent
chal l enge

IV. Organophosphate Nerve Agents
A. Soman (GD): Primary Agent of Concern
B. Tabun (GA)
C. Sarin (GB)

Figure 1
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Abstract

T e L

e

A drug screening and evaluation program has been developed for the
purpose of identifying and comprehensively evaluating pretreatment compounds
to be used in combination with supporting treatment for efficacy against soman
lethality in the mouse. We have defined and standardized the route of drug
administration, a method for determining pretreatment time interval, and the
test drug dosages to be used. These criteria have been used to standardize a
pretreatment initial efficacy screen, a model which allows both the identifi-
cation of efficacious ccmpounds, and selection of the optimal pretreatment
time interval for administration of each compound. Methods have also been

e s LA AR s 31 18] onges gu g 19

developed and standardized for assessing the optimal pretreatment dose and p
corresponding protective level afforded by those identified efficacious §

compounds. The utility and reproducibility of these models have been .

N . N . o . o g

validated through screening and evaluation cof the carbamate pyridostigmine. N

Addicional methods have also been developed and standardized for evaluating e

the critical range of acetylcholinesterase inhibition produced by this class K

of compounds (reversible cholinesterase inhibitors). These procedures have Py

been extended to evaluate pretreatment compound efficacy against other i
organophosphorous compounds and have been adapted for similar use in the L

guinea pig. These methods should provide the means for accurate and efficient Ry

screening and evaluation of any combination of multiple pretreatment/treatment L.

drug therapies. S
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Introduction

~ — -

We have developed, standardized, and validated in vivo methods for the
screening and evaluation of pretreatment compounds to be used in combination
with supporting treatment for efficacy against soman—induced lethality in the

i mouse. These procedures have been extended to the guinea pig and adapted for

use against other organophosphorous (OP) anticholinesterase agents. Our

S intent has been to interface these methods with the treatment models described
by Major Jones in the preceding presentation, enabling evaluation and optimi-

- zation of combination therapy with both pretreatment and treatment compounds.

N In developing these methods, several questions or problems unique to the
> pretreatment test mode were readily apparent. These questions primarily
concerned the rationale for pretreatment of agen:t intoxication, the selection
Y of a reference drug for standardizing the methods, selection of a route for

pretreatment drug administration, selection of pretreatment time intervals,
L and drug doses to be tested.

] The rationale for a pretreatment mode for OP intoxication is based on
. results of several published studies which have shown that pretreatment can,

indeed, provide protection against OP-induced lethality. 1In 1946, Koster
showed that cats could be protected against the lethal effects of diisopropyl

: fluorophosphate (DFP) by pretreatment with the carbamate physostigmine (1).

s Subsequently, Gordon, et al. (2), found that treatment of the lethal effect

- of soman with atropine and pialidoxime chloride (2-PAM) in guinea pigs

could be significantly enhanced by the intramuscular (IM) administration of

physostigmine or pyridostigmine prior to agent challenge. Similar results

have been reported in a number of species by several other investigators

IR (3,4). It has been proposed that the protection seen in these studies is a

e result of spontaneous decarbamylation of acetylcholinesterase (AChE), thereby

- providing a constant, albeit low, level of AChE, which is both protected from

o irreversible agent inhibition and sufficient to maintain vital cholinergic

function (5).

Ciﬁ Pyridostigmine bromide was selected as the prototype drug to initiate

e development and standardization of the pretreatment test models. This

_ﬁﬂﬂ carbamate was chosen rather than physostigmine for several reasons. It has
s both a longer half-life and a wider margin of safety than physostigmine (3,6).
‘; Most importantly, however, pyr?dostigmine is already approved for oral human
- use by the Food and Drug Administration, although not for the intended use

L described here (7). This fact, however, means that a great deal of preclini-
£ cal and clinical test data are already available regarding pyridostigmine; an
;j}: important point for future drug development considerations.

:“ As described by Major Jones in the preceding paper, treatment compounds

- are all tested IM in the mouse screening model (8). This route of administra-
-~ tion was chosen as it most closely parallels the present route of antidote

o 41
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administration in the field, i.e., deep IM injection of atropine/2-PAM. 1In a
field situation, however, parenteral administration of prophylactic compounds
is infeasible, particularly if repeated self-administration is required.
These constraints, therefore, dictate that dosing by the oral route would be
most practical. For these reasons, we elected to screen and evaluate
compounds for pretreatment efficacy following oral drug administration only.

PoalldV i 3 A AP A ik | P |

An additional area of consideration for pretreatment drug screening was
that of time of test compound administration. Although the optimal time for
administration of treatment compounds is as soon after agent challenge as
possible (atropine/2-~PAM and all test compounds are administered at 10 seconds
post-agent challenge in the mouse therapy models), no such corrollary is true
regarding optimal time for administration of pretreatment compounds. Time to
peak activity in mice following oral drug administration can vary from as
rapid as 10 minutes (9) to as long as 4 hours or more (10). Since our intent
was to utilize this pretreatment test system to evaluate all types of
compounds, the pretreatment test time must, therefore, coincide with time to
neak drug effect for the particular drug being tested. Because this infor-
mation is unknown for many of the compounds we intend to evaluate, the only
alternative was to test compounds at multiple times prior to agent challenge
using time points, which would hopefully encompass time to peak drug effect
for any drug tested. Based on these considerations and the results of the
literature review of orally administered compounds, we elected to initially
screen pretreatment drugs at 7.5, 15, 30, 60, 120, 240, and 480 minutes prior
to agent challenge.
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The final area of consideration for testing of pretreatment compounds was
that of selection of test drug dosage. It was imperative that the dose or
doses tested not be, of themselves, toxic, yet high enough to provide
effective drug levels at the necessary site of action. The first step for
evaluating test compounds, therefore, had to be the determination of the range
and limits of oral lethality. Once the acute (24 hour) oral LDl through LD99
(with 95 percent confidence limits) were determinad, it was further decided
that compounds would be tested at fractions of their oral LD50 ranging from a
maximum of 1/4 x LD50. With these considerations and limits thus decided, the
initial step was to assess the pretreatment efficacy of our selected standard

drug, pyridostigmine.
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The Oral Toxicity of Pyridostigmine

Figure 1 shows the results of the oral lethality determination for
pyridostigmine in the wouse. As standard procedure for all phases of model
development, mice were fasted overnight. Doses of pyridostigmine were
randomly allocated to groups of 10 mice and administered by gavage at a
volume of 10 ml/kg in a vehicle consisting of 0.2 percent methylcellulose +
0.4 percent Tween 80. This vehicle was used rather than water to anticipate
future compounds which might not be water soluble and would have to be given
orally s a suspension. PyridosLigmine readily dissolved in this vehicle. -
The 24-hour oral LD50 of pyridostigmine was calculated by probit analysis to L;
be 26.2 mg/kg. o
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Initial Efficacy and Optimal Pretreatment Time

The initial efficacy and optimal pretreatment time for oral pyridostigmine
were determined in 3 studies using doses ranging from 1/4 (6.55 mg/kg) to ;
1/512 (0.051 mg/kg) of the pyridostigmine LD50. Pretreatment times ranged
from 7.5 min. to 48 hours. Ten mice were used for each time interval and dose .
of pyridostigmine tested. Doses of pyridostigmine were allocated to the mice k
randomly. At the appropriate time after pretreatment, soman was injected :
intramuscularly at 2 x LD50, followed 10 seconds later by treatment with a -
mixture of atropine (11.2 mg/kg) and 2-PAM (25.0 mg/kg). The rationale for H
this challenge level and treatment regimen was previously described and .
discussed by Major Jones. Some animals received pyridostigmine and soman g
without therapy. Control groups were included in which mice received vehicle B
as a pretreatment, followed by soman challenge and then therapy with atropine
and 2-PAM.

AU+ ~ R I AP

The results of the first study are shown in Figure 2., Pyridostigmine was
evaluated in this initial screen only at 1/4 and 1/8 x LD50. Pretreatment
with either 1/8 (3.3 mg/kg) or 1/4 (6.55 mg/kg) LD50 afforded significant
protection against soman-induced lethality at 24 hours in mice treated with
atropine and 2-PAM. Thirty percent survival at 24 hours was observed
following 1/8 x LD50 pyridostigmine administration as early as 7.5 minutes
prior to agent challenge. In addition, 60 percent survival was observed as
early as 15 minutes after the 1/4 LD50 dose. Peak protection afforded by
either dose was 70 percent observed at the 8~hour interval. No survivors were
observed in mice that received atropine and 2-PAM therapy alone, thus vali-
dating both the agent challenge dose and the protection observed following
pyridostigmine pretreatment. Pyridostigmine alone at either dose was
ineffective in preventing lethality from soman at any pretreatment time
interval. An optimal pretreatment time could not be determined from this
study because the protective effects of pyridostigmine were maintained
throughout the duration of the expe iment.

Y= A7s £ ¥ _ v
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In an effort to further elucidate the efficacy and time course of the
protective effects of oral pyridostigmine pretreatment, this study was
repeated using lower doses of pyridostigmine and longer pretreatment time
intervals. The doses of pyridostigmine tested in this study ranged from
1/4 1LD50 to 1/64 LD50, while pretreatment time intervals were extended out to
48 hours. Again, mice were challenged with 2 x LD50 of soman IM at the
appropriate time and treated with atropine (11.2 mg/kg) and 2-PAM (25.0 mg/kg)
10 seconds later. The results are shown in Figure 3. Pyridostigmine
exhibited a protective effect at all the dose leveils tested when combined )
with atropine and 2-PAM therapy. The onset of activity ranged from 15 to g
60 minutes and was not dose related. Peak response was also not dose related
with the lowest dose (1/64 x LD50; 0.41 mg/kg) showing almost as much protec-
tion (50 percent) as higher doses. Although the percent response was not
directly dose related, the peak effect appeared to occur between 30 minutes
and 120 minutes.

TYTTL.R T E e . T

TE WY

o LI L

Again, the test data indicate that oral pretreatment of mice with .
é pyridostigmine augments .e therapeutic efficacy of atropine and 2-PAM. The -
datz also suggest that very low oral doses of pyridostigmine are able to exert °
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a protective effect. In the third study, we evaluated oral doses of
pyridostigmine as low as 1/512 LD50 and were still able to observe efficacy
when combined with atropine/2-PAM therapy.

Individually, these studies did not define a precise optimal time for
pyridostigmine pretreatment. We pocled the survival data for the three
studies according to time interval, irrespective of the dose of pyridostigmine
given, The results are shown in Pigurc 4. The numbers in parentheses
indicate the total number of animals pretreated at each time interval. The
highest survival occurred in a broad peak between 15 and 480 minutes., From
this plot of the data, the 60-minute time interval was selected as the optimal

pretreatment time.

Pyridostigmine Optimal Dose

Studies were next conducted to determine the oral dose of pyridostigmine
affording the greatest protection against the lethal effects of soman in mice
receiving atropine/2-PAM therapy. Based on results of the preceding studies,
pyridostigmine was administered 1 hour prior to agent challenge. Pyrido-
stigmine was administered orally to fasted mice at 1 of 9 doses ranging
from 13.1 mg/kg (or 1/2 x LD50) to 0.013 mg/kg (or 1/2048 x LD50). Two
vehicle control groups were also included. Pyridostigmine and vehicle dose
groups were randomly allocated to the mice. One hour after pretreatment,
mice (10 per group) were challenged IM with one of 5 doses of soman for each
pretreatment dose, thereby providing a singular agent lethality dose response
curve for each pretreatment dose tested (5 soman challenge doses x 10 mice per
agent challenge group = 50 mice/agent LD50 curve).

Atropine (11.2 mg/kg) and 2-PAM (25 mg/kg) therapy was administered IM at
10 seconds postagent challenge to the 9 pyridostigmine pretreatment groups and
to one of the control (no pyridostigmine) groups. The second control group
(no pyridostigmine) was sham treated (IM) with saline rather than atropine/
2-PAM. Mortality counts were taken at 24 hours and the 24-hour soman LD50 for
each pretreacment group was calculated by probit analysis (11) or Thompson-
Weil (12). Protective ratios (PR) for each pretreatment group were calculated
by dividing the soman LD50 for untreated mice into the soman LD50 for each
pretreatment group. Results of this study are shown in Figure 5. Note that
the PR achieved with all doses of pyridostigmine tested up to 13.1 mg/kg
(1/2 x 1LD50 of pyridostigmine) was greater than that achieved with atropine/
2-PAM alone. The greatest PR was achieved with a dose of 0.82 mg/kg
pyridostigmine. In order to further validate the results and reproducibility
of ihe model, this prccedure was repeated again in its entirety.

Resvlts of this second study duplicated, almost exactly, results of the
first optimal dose study. Note that the data are consistent and reproducible
and tt ~ptimal protection is achieved with a pyridostigmine pretreatment
dose of J.82 mg/kg, a dose equivalent to 1/32 of the pyridostigmine oral LD50.
This pyridostigmine dose affords a mean PR of 2.30 compared to a mean PR of
1.66 with atropine/2-PAM therapy alone. Although this increase in PR may
appear slight, it represents a doubling of the protection afforded by
atropine/2-PAM therapy alone.
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We were satisfied from the resclts of these experiments that we had
developed reliable, reproducible, and standardized methods to screen and
evaluate the efficacy of pretreatment compounds against soman~induced
lethality in mice. We had examined a number of criteria important for
development of a valid model. The major areas of consideration were:
rationale for the pretreatment test mode, selection of a standard pretreatment
compound, selection of test compound administration, and selection of test
compound dosage and pretreatment time intervals. Each of these considerations
was achieved and appropriate test systems developed.

Table 1 shows a summary of the components of our model. As indicated,
the initial experiments define the limits of candidate drug toxicity. Next,
candidate drugs are screened for pretreatment 2fficacy agaiast a single agent
challenge dose. This method determines not only efficacy but also optimal
pretreatment time. With pyridostigmine, we tested a wide range of drug doses
and many pretreatment time intervals to fully explore the behavior of the
model. To speed up the process for evaluating other pretreatment compounds,

_ we decided to initially screen test compounds only at 1/4, 1/8 or 1/16, or

- 1/64, and 1/256 fraction of their oral LD50. These doses were selected
because they encompass a range extending from a maximum non—-lethal dose

(1/6 x LD50) down through a very nominal drug dose (1/256 x LD50). We ;
further decided to limit the pretreatment time intervals to 30, 60, 120, and !
240 minutes. We felt that these intervals should encompass the time to peak

drug activity for most orally administered drugs in mice,

If the candidate drug proved efficacious in the initial screen, it was
then evaluated in the optimal dose study to assess the maximum attainable
protective level, as well as the corresponding dose at which this level of
protection was achieved. This entire screening process was then repeated in
the guinea pig to confirm efficacy in a more responsive species.

Oral Toxicity of Pyridostigmine in Guinea Pigs

Our next objective was to extend the model just described for pyrido-
stigmine in the mouse to the guinea pig. For experiments in guinea pigs, both
male and female animals (300-450 grams) were used. As in mice, the animals
were fasted overnight prior to use.

Figure 6 shows the oral toxicity of pyridostigmine in guinea pigs. The

- doses of pyridostigmine were randomly allocated to groups of 10 animals. The

. s 24~hour oral LD50 was calculated to be 29.8 mg/kg and was very similar to that :
o found in the mouse (Figure 1). -
o ;
b~ - )
A!_ Pyridostigmine Initial Efficacy and Optimal Pretreatment Time in Guinea Pigs g
¥y .
};; The initial efficacy of oral pyridostigmine pretreatment in guinea pigs :
i is shown in Figure 7. As described earlier, doses of pyridostigmine ranging .
o0 from 1/4-1/256 fraction of the oral LD50 were administered to groups of 10 '
L animals at pretreatment times of 30, 60, 120, and 240 minutes. At the

b appropriate time, cach group of animals was challenged with subcutaneously
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administered soman (4.3 x LD50) and treated intramuscularly 1.0 minute later
with atropine (64.0 mg/kg) and 2-PAM (100.0 mg/kg). The rationale for this
soman challenge level and treatment regimen for guinea pigs was previously
described and discussed by Major Jones in the preceding presentation.

Protection against soman—induced lethality at 24 hours was observed at
all pretreatment times in guinea pigs which received the 0.47, 3.75, and 7.5
mg/kg doses of pyridostigmine. The 0.12 mg/kg dose showed activity only at
the 240-minute time period., Peak protection of 66 percent was observed at the
30-minute pretreatment interval for 1/4 x LD50. No survivors were observed in
guinea pigs receiving atropine/2-PAM alone or in animals pretreated with
pyridostigmine alone. This validates both the agent dose and the protection
observed. Plotting the survival data versus time (Figurc 2) for all doses of
pyridostigmine showed that the higest survival occurred between 30-240 minutes
with a small peak at 30 minutes. This broad peak, if your recall, was also
observed with pyridostigmine in the mouse. Optimal dose studies are currently
in progress using 30, 60, and 120 minutes pretreatment intervals.

The data from the guinea pigs confirm that oral pyridostigmine pretreat-
ment is effective against soman lethality when used in combination with
atropine/2-PAM treatment. Pyridostigmine exhibited similar efficacy and time
course against soman in both the mouse and guinea pig.

Having established the methodology using pyridostigmine as the prototype
to screen for pretreatment efficacy against soman in the mouse and extending
these procedures to evaluate pyridostigmine in the guinea pig, we were then
interested in evaluating another candidate pretreatment compound, the
carbamate physostigmine.

Oral Toxicity of Physostigmine

Table 2 shows the oral LD50 of physostigmine in mice and guinea pigs.
Physostigmine was 6.7 times more toxic than pyridostigmine in the mouse with
an LD50 of 3.9 mg/kg and 4.4 times more toxic than pyridostigmine in the
guinea pig with an LD50 of 6.8 mg/kg.

Initial Efficacy of Physostigmine Pretreatment in Mice and Guinea Pigs

The initial efficacy of oral physostigmine pretreatment was performed in
both mice and guires pigs using 1/4, 1/16, 1/64, and 1/256 fractions of their

. respective oral LD50. These doses were administered at 30, 60, 120, and 240
:}: minutes prior to soman. The challenge level of soman and the atropine/Z-PAM
g doses for each species were the same as those used for the pyridostigmine

L studies. The results of the physostigmine initial efficacy in the mouse are

shown in Figure 9.

In the mouse, oral physostigmine was an effective pretreatment against
soman—induced lethality at all doses tested when combined with atropine and

= 2-PAM treatment. Peak survival at 24 hours was observed for 3 of 4 doses at
> the 30-minute pretreatment interval. Peak activity at this time ranged from
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50 percent for 0.015 mg/kg (1/256 x LD50) to 100 percent for 0.975 mg/kg (1/4
x LD50). A plot of the survival data versus time for all doses of

physostigmine (Figure 10) shows that peak survival occurred at the 30-minute
pretreatment interval.

Figure 9 shows that the duration of the protective effect of oral
physostigmine was dose related. The highest dose (1/4 x LD50) exhibited
activity for 4 hours. Protection declined after 60 minutes for the 1/256 x
LD50 dose and after 120 minutes for the 1/16 and 1/64 x LD50 doses. The short
duration of action of the lower doses of physostigmine is in contrast to
pyridostigmine pretreatment in the mouse, which showed significant amounts of
protection at 4 hours with low (1/256, 1/512 x LD50) doses.

Cral physostigmine wae also an effective pretreatment against soman
lethality in guir :a pigs when combined with atropine/2-PAM treatment
(Figure 11). All pretreatment doses evaluated were protective. Peak
protection at 24 hours ranged from 30 percent survival for 1/256 x LD50 at
30 minutes to 90 percent survival for 1/16 x LD50 at 60 minutes. At the
4 hour pretreatment time the 1/64, 1/16, and 1/4 LD50 doses still showed
30-60 percent protection. A plot of total survivors versus time for all doses

of physostigmine (Figure 12) showed that peak survival in the guinea pig
occurred at the 60-minute pretreatment time.

Oral Efficacy of Pyridostigmine Pretreatment Against Tabun Poisoning

Soman is the OP agent against which the efficacy of all pretreatment and
treatment compounds are evaluated first, since this agent is considered the
primary threat agent and the most difficult to treat. It is, however, also
important that pretreatment, as well as treatment compounds, exhibit efficacy
against other OP's. For this reason, we evaluated the efficacy of oral
pyridostigmine against Tabun poisoning in mice and guinea pigs. Tabun was
selected because it is also difficult to treat and has recently gained public
attention because of its use in the Iraq-Iran war.

The efficacy of oral pyridostigmine pretreatment was evaluated against
Tabun poisoning in mice and guinea pigs using previously described pyrido-
stigmine doses and pretreatment time intervals. Mice were challenged at the
appropriate time after pretreatment with 2.46 x LD50 of Tabun injected
intramuscularly followed 10 seconds later with intramuscular atropine
(56 mg/k¢ and 2-PAM (44.6 mg/kg). The rationale for the Tabun challenge
level anu rhe atropine/2-PAM doses was described in the previous paper by
Major Jones. The results are shown in Figure 13. Oral pyridostigmire was an
effective pretreatment against the lethal actions of Tabun in mice receiving
treatment with atropine and 2-PAM. Peak survival at 24 hours occurred at the
120-minute pretreatment interval and ranged from 60 percent for the 1/256 dose
to 100 percent for the 1/16 dose. This pretreatment time period was clearly
the optimal time for oral pyridostigmine pretreatment against Tabun poisoning

in mice. At four hours, 3 of the 4 doses still showed 30-40 percent
protection.
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The efficacy of oral pyridostigmine pretreatment against Tabun poisoning
in guinea pigs is shown in Figure 14. Doses of pyridostigmine and pretreat-
ment times were as described. At the appropriate time after pretreatment, the
guinea pigs were challenged with 5.36 x LD50 of Tabun subcutaneously and
treated 1.0 minute later with atropine (32 mg/kg) and 2-PAM (50 mg/kg). The
rationale for this challenge dose and treatment regimen was described by Major
Jones in the preceding paper. Oral pretreatment with pyridostigmine was very
effective in augmenting the activity of atropine/2-PAM therapy in guinea pigs
poisoned with Tabun. Sustained and dose-related protection was observed at
all time periods and dose levels tested. Peak activity ranged from 30 percent
survival for the 1/256 x LD50 dose to 90 percent for the 1/8 x LD50 dose and
was still present 4 hours after pretreatment. No precise optimal pretreatment
time could be determined from this study.

Acetylcholinesterase Inhibition

As previously stated, the protective action of carbamat :s against
poisoning by organophosphate cholinesterase inhibitors is presumably due *o
the ability of the carbamate to reversibly bind to acetylcholinesterase (13).
The carbamylated enzyme subsequently undergoes spontaneous breakdown to
liberate the free enzyme. The portion of the enzyme in tissues that was
carbamylated would be protected against phosphorylation by organophosphates.
Gradual decarbamylation of the enzyme in parallel with relatively rapid
removal or destruction of the orgaanophosphate would release sufficient
acetylcholinesterase to maintain life (14). To more fully examine this
premise, we decided to examine the relationship between AChE inhibition
following oral pyridostigmine and the protection afforded against soman
lethality.

Mice were treated orally with pyridostigmine (6 mice per treatment group)
at the same doses used in the optimal dose studies. One hour later, blood was
collected from the medial canthus of the eye and whole blood AChE levels
measured using methods described by Siakotos et al. (15). Results are shown
in Figure 15.

At 1 hour postpyridostigmine oral dosing, AChE inhibition ranged from a
mean of 3 percent at the low dose of 0.013 mg/kg to a medn of 91 percent at
the high dose of 13.1 mg/kg. The computed dose for 50 percent AChE was
0.46 mg/kg. Probit transformation analysis (16), not shown here, indicated
that the ipcrease in AChE inhibition corresponded to the increase in
pyridostigmine dose (log dose) with a correlation coefficient of 0.988.

A comparison of these results with those of the pyridostigmine optimal
dose studies, Table 3, indicated that the optimal dose of pyridostigmine,
0.82 mg/kg, produced 2 66 percent .nhibition of AChE at one hour after dosing.
A one hour post-treatment time was also the time point chosen for soman
challenge in the optimal dose studies.

Table 3 shows that relatively large changes in AChE inhibition resulted
in only relatively small increases in protective ratios. Whereas the optimal
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dose of 0.82 mg/kg produced a 66 percent inhibition of AChE with a corre-
sponding PR of 2.30, a much lower dose of pyridostigmine, 0.026 mg/kg, .

produced a corresponding lower (9 percent) inhibition of AChE but only a
slightly lower PR of 2.03.

o sivanl’ 3 Big

It is readily apparent from these studies that the degree of pretreatment
efficacy in mice is not solely dependent on amount of AChE inhibiton in whole
blood. The data provided by these studies should, however, serve as a useful
reference for comparing and, hopefully, further elucidating the exact mecha-~
nism of action of other similarly acting pretreatment compounds yet to be
tested.

Summary and Conclusions

We have described standardized methods to screen and evaluate
pretreatment compounds orally for efficacy against OP-induced lethality.
These methods were developed for use in combination with treatment models,
enabling simultaneous evaluation and optimization of both pretreatment and
treatment compounds.

TR, e 3T TR Y Tt 0

l‘f
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We gave careful consideration to a number of questions or problems we
felt were important to the development of a valid pretreatment model. We
provided answers to each of these questions and developed the appropriate test
system,

e

Using the methods developed, we have demonstrated the oral pretreatment =
efficacy of pyridostigmine and physostigmine in mice and guinea pigs against i
soman-induced lethality when combined with supporting atropine/2-PAM therapy.
The protection afforded by both carbamates occurred over a wide range of oral
doses. The protection observed at small doses (1/256 x LD50) is indicative of
the high potency of these compounds. In addition, oral pyridostigmine was
equally effective as a pretreatment in both species against the lethal effect
of tabun, Without supporting treatment, however, neither carbamate was
effective against soman or tabun.

.
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e g}

MRS [ & SRCICEC

The optimal pretreatment time varied with the individual carbamate, the
dose administered, the species, and the OP used. Both pyridostigmine and
physostigmine were capable of exhibiting activity for at least 4 hours
following single oral doses.

-,

Optimal protection afforded by oral pyridostigmine administered one hour
prior to scman occurred at a dose of 0.82 mg/kg. This dose resulted in a mean
protective ratio of 2.30. Lower doses (0.026 mg/kg), however, were almost as
effective (PR=2.03).

Sl T N e

The methods described provide a reliable and reproducible means of
evaluating the efficacy of all classes of compounds.
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Comparison of acetylcholinesterase inhibition at one hour after oral
pyridostigmine in mice with protection against soman—induced lethality showed
that relatively large changes in acetylcholinesterase inhibition resulted in
only small increases in protective ratios. This suggests that the degree of
pretreatment efficacy afforded by oral pyridostigmine in the mouse is not
solely dependent on the amount of acetylcholinesterase inhibition in whole
blood.
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(mg/kg)
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. 16.0 20.4 16.4-25.4
50.9 26.2 22.5-30.4
84.0 33.6 26.9-41.7
. 99.0 46.7 31.2-69.9
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Figure 1. Acute (24 hour) Oral LD50 of Pyridostigmine Bromide in
Mice. Top - A probit plot of the oral pyridostigmine
dose-lethality curve. N=10 at each point. Bottom -
Computed oral pyridostigmine doses and 95 percent
confidence limits for various percent mortalities.
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Figure 2. The Efficacy of Oral Pyridostigmine Pretreatment in Mice

Challenged with Soman (2 x LD50, IM). Bars represent
24-hour survival at the pretreatment intervals indicated.
= therapy alone (atropine (11.2 mg/kg) and 2-PAM

(25 mg/kg));

(1/8 x LD50); _ [T

(1/4 x LDS0);

L.D50 for each bhar,

i on

= pyrizostigmine 1/4 x LD50 + therapy.

= pyridostigmine alone at 3.3 mg/kg
pyridostigmine alone at 6.55 mg/kg
pyridostigmine 1/8 x LD50 + therapy;
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Figure 4. 24-Hour Survival in Mice Pretreated with Oral Pyridostigmine
at Various Time Intervals Prior to Soman (2 x LD50) and
Treated with Atropine (11.2 mg/kg) and 2-PAM (25.0 mg/kg).
Bars represent mean survival for all doses of pyridostigmine
at each time period. The numbers in parentheses indicate
the number of animals sampled.
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Figure 7. The Efficacy of Oral Pyridostigmine Pretreatment in
Guinea Pigs Challenged with Soman (4.3 LD50, s.c.) and
Treated with Atropine (64.0 mg/kg) and 2-PAM (100 mg/kg)
at 1.0 Minute. The bars represent 24-hour survival at
the pretreatment times indicated. The oral doses of
pyridostigmine were as follows: = 0.12 mg/kg
(1/256 x LDS50); = 0.47 mg/kg (1/64 x LD50);
= 3.75 mg/kg 1/8 x LD50); P = = 7.5 mg/kg
(1/4 x LD50).
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Figure 8. 24-Hour Survival in Guinea Pigs Pretreated with Oral
Pyridostigmine at Various Time Intervals Prior to Soman
(4.3 x LD50, s.c.) and Treated with Atropine (64.0 mg/kg)
and 2-PAM (100 mg/kg). Bars represent mean survival for
all doses of pyridostigmine at each time period. The
numbers in parentheses indicate the number of animals
sampled.
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The Efficacy of Oral Physostigmine Pretreatment in Guinea
Pigs Challenged with Soman (4.3 x LD50, s.c.) and Treated
with Atropine (64.0 mg/kg) and 2-PAM (100 mg/kg) at 1.0
Minute. Bars represent 24-hour survival at the pretreatment
times indicated. The oral doses of physostigmine were
as follows: M = 0.03 mg/kg (1/256 x LD50);

1. =0.11 mg/kg (1/64 x 1D50); _P&A . = 0.43 mg/kg
(1/16 x LD50); _qu__ = 1,705 mg/kg (1/4 x LD50).
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;:? (64.0 mg/kg and 2-PAM (100 mg/kg). Bars represent mean
E

Lt N YT A T g O

o survival for all doses of physostigmine at each time
' @ period. The numbers in parentheses indicate the
s number of animals sampled.
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PRETREATMENT TIME (MINUTES) !
= i
b Figure 13. The Efficacy of Oral Pyridostigmine in Mice Challenged !
) with IM Tabun (2.45 x LD50) and Treated with IM Atropine
F": (56.0 mg/kg) and 2-PAM (44.6 mg/kg) at 10 Seconds. Bars f
::'.} represent 24 hour survival at the pretreatment intervals :
.;,3;; indicated. The pyridostigmine oral doses were as follows: k
- = 0.102 mg/kg (1/256 x LD50); _[]1_ = 0.41 mg/kg :
o (1/64 x LD50), _PA_ = 1.64 mg/kg (1/16 x LD50); :
P @ = 6.55 mg/kg (1/4 x LD50). .
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f’d Figure 14. The Efficacy of Oral Pyridostigmine Pretreatment in Guinea R
e Pigs Challenged with Tabun (5.36 x LD50, s.c.) and Treated .
O with Atropine (32.0 mg/kg) and 2-PAM (50 mg/kg) at 1.0 Minute. :
:;:.-: Bars represent 24-hour survival at the pretreatment intervals -
- indicated. Pyridostigmine oral doses were as follows: N
| @ = 0.12 mg/kg (1/256 x LD50); M = 0.47 mg/kg J
20 (1/64 x LD50); 7 = 1.88 mg/kg (1/16 x LD50); .
P B = 3.75mg/kg (1/8 x LD50).
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Table |

Components of Oral Pretreatment Model

I Acute Oral Toxicity in Mice
—~ B~7 doses;
- 5 or 1D ml/kg
— Calculate 24 hour LD{-LDS8

11 Initial Oral Efficacy/Optimal

Pretreatment Time

— Doses: {1/4, /16, 1/64, 1/256
fraction of oral LD5O

— Times: 38, 608, 128, 240 minutes

~ Single agent challenge dose

-~ Treat with optimal Atropine/2-PAM
dose , 1.M.

- 24 hour survival assessed
- if > 10% select optimal pre-

treatment time and proceed to 111

111 Optlmcl Protection Studies

7-9 pretreatment doses

- &5 agent challenge levels/pretreat-

ment dose

— Dose at optimal pretreatmeni time

~ Controls randomized into study

~ Treat with optimal Atropine/2-PAM
dose, 1.M.

~ Calculate 24 hour Soman LDb@ for
each pretreatment dose

~ Calculate Protective Ratio

— Select optimal dose and highest
Protective Ratio

IV Repeat I-I1Il in Guinea Pigs

V Enzyme Studies
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Table 2

ACUTE ORAL TOXICITY OF CARBAMATES

24HR LD5@ (mg/kg)

CARBAMATE (85% CI)
MICE GUINEA PIG
PHYSOSTIGMINE 3.9 6.8
(3.5-4.3) (6.6-8.3)
PYRIDOSTIGMINE 26.2 29.8

(22.5-308.4) (25.7--34.6)
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GUINEA PIG MODEL FOR CORRELATING EFFICACY

WITH PRALIDOXIME CHLORIDE (2-PAM) PLASMA LEVELS
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That the plasma content of an oxime like 2-PAM is related to its
effectiveness is tacitly accepted as a general therapeutic principle,
The higher the plasma content of 2-PAM the better is its antagonism of
Sarin's toxicity. This has been demonstrated by experiments relating the
effectiveness of 2-PAM to the time of challenge by agent. The longer a
time after a standard dose of 2-PAM is given, the less effective it is,
provided it is not toxin to begin with.
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The problem of determining a mathematical relationship between the
. plasma content of 2-PAM and its efficacy against Sarin as measured by the
ﬁj ID50 has been examined in relatively few experiments. This background is
-, important to the presentation, so let uc take a moment to review the
- findings of others in this regard. (Figure 1)
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. Onz of the earliest references to this problem is that of Sundwali

- (Biochem, Pharmacol. 8:413, 1961). He initiated a blockade of the neuro-
muscular junction, produced bradycardia, hypotension, and respiratory
failure, and then injected sufficient oxime (the sulphonate salt of
pralidoxime, P2S) to restore diminished activity to control levels. His
experiments were done without injecting atropine and using an organophos-
phate inhibitor of cholinesterase, 37 S-Nt. In these experiments

Sundwall defined two functional ranges in terms of plasma oxime concen-
tration. The first range was one of therapeutic success, 4 to 12 ug/ml

of plasma, which reversed the toxic signs in three cats. The second range
was one of therapeutic failure in which the plasma concentration was 2-4
Ug/ml of plasma. In the latter group of animals recovery was not achieved
or was not permanently established. From these experiments, therefore,

4 ug/ml was considered the minimum therapeutic concentration of P2S.
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At about the same time O'Leary et al. (J. Pharmaccl. Exp. Ther. 132:
50, 1961) performed experiments on rabbits which indicated that a nenlin-
ear relationship existed between the log of the LD50 of Sarin and the log
of 2-PAM. These animals were ¢dninistered various doses of 2-PAM along
with a standard dose of atropine sulfate to determine the LD50 of Sarin.
All chemicals were given intravenously and the therapeutic compounds were
given 30 seconds after Sarin, Approximately a 2.5, 8.5 and 40 mg/kg dose
of 2-PAM was used (Figure 2). These authors observed that there was a
point of therapeutic maximum beyond which there was less protection than
- before. These authors ascribed this effect to the toxic propertiec of the
oxime overcoming its beneficial effects.
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Two additional contributors to this area of research were Zvirblis and
Kondritzer (J. Pharm. Exp. Ther. 157:432, 1967). (Figure 1). These in-
vestigators used 2-PAM as a pretreatment compound against Sarin's toxicity
in rats. They studied the effects of two doses of 2-PAM, i.e. 30 and 60
mg/kg, at two time points. (Figure 3). They formulated a linear rela-
tionship between the log of the LD50 of Sarin and the log of the plasma o
concentration for 2~PAM. “The dynamic range of their response was only -
2.3 to 2.5 LD50. This short dynamic range limits the useful information o
which car. be derived, since the twc therapeutic end points are probably
not significant from each other. _ 7
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\ Before proceeding further let me explain in a general way the method
; by which the correlation exreriments were conducted and the questions

toward which they were directed. The questions central to these experi-
ments were:

AT B R

-

(1) TIs there a linear or nonlinear relationship between the LD50 of
Sarin and the plasma level of oxime?

(2) 1Is there a significant and predictable influence of poisoning on
the plasma-time relationship?

NR/eias S

Generally the experimental method was as follows: ;
First, a suitable range of 2-PAM dosage was selected for study. In =
this case an upper limit of 25 mg/kg was used in the analysis of the data, &-
since a higher level of oxime, 50 mg/kg, was found to yield protective ]

ratios below the therapeutic maximum.

*
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LD50 determinations were made for each dose of Sarin studied, or they

were interpolated from a large set of data gathered from similar experi-
ments done under exactly the same conditions.
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The plasma level for each dose of 2-PAM was determined at an app.o- f
priate time, using a spectrophotometric method. Samples were obtained i
from guinea pigs following decapitation. Sarin was injected subcutane-

ously; atropine and 2-PAM were injected intramuscularly in the same hind -
limb.

2

! w.".".' ‘s
!

a

Lastly, the plasma level was correlated with the LD50 of Sarin for
both pretreatment and therapeutic modes of administration.
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In the pretreatment experiments, selected doses of 2-PAM were exam- "
ined for their relationship to plasma content., In the first group of w
guinea pigs different doses of 2-PAM were injected and successive time el
points were selected to determine the plasma orime content, (Figures 4 s
and 5). In a different group of guinea pigs the efficiency of antagoniz- r:
irg Sarin at the LD50 was determined at the chosen point of 4 minutes. f}
(Figure 6). The experimental results were plotted against the dose of =
Sarin (Figure 7) and plasma level of 2-PAM. (Figuve 8). -

In the next series of experiments the relationship between the plasma SN
levels of 2-PAM and the LD50 of Sarin was determined for the antidote o
given in the therapeutic mode. In these experiments the time to maximum “L
plasma concentraticn for the highest and lowest doses of 2-PAM was deter-- -
mined, The results are shown in the next two figures (Figures 9 and 10). -
As one car observe from these figures, an apparent interaction was found -
between Sarin and 2-PAM at 3.12 and 25.0 mg/kg of the oxime. This inter- s
action was most often statistically significant at the lower dose of the
oxime.
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Although the apparent time to the maximum level of plasma oxime T}
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remains unchanged, as does the general shape in the rising and falling
phases, successively higher doses of Sarin are associated with succes-
sively higher levels of 2~PAM in plasma. A rigorous pharmacokinetic
analysis of the data in terms of the various rate constants was not pos-
sible in these experiments., This was due to an insufficient number of
sampling points and the inherent dispersion in the data arising from a
destructive sampling technique. However, some simpler analysis of the
data was possible. Both the peak plasma content and the area under the
curve were correlated to the dose of Sarin, Areas under the curve were
computed, using the trapezoidal rule between 1 to 10 minutes after ther-~
apy. (Figure 11). These results were found to correlate in the case of
the 3.12 mg/kg dose. Also the change in peak height at 2 minut s was
found to correlate at the 3.12 mg/kg dose. (Figure 12).
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These correlations were not found at the higher dose of the oxime.
With the 25 mg/kg dose of 2-PAM, the higher concentration at the site of
injection may have offset any interaction. Further correlation at the
higher dose of the oxime may have been complicated by the nonlinear
nature of the plasma concentrat.ion curve for pralidoxime, as reported by
Benschop (SIPRI 120).

R

In the experiments conducted in the therapeutic mode, 2 minutes was
chosen as the apparent time to maximum plasma content based on the pre-
viously shown experimental data.

The next figure shows the correlation between the LD50 value obtained
for Sarin and the dose of 2-PAM given therapeutically. (Figure 13), The
regression coefficient is quite high, and inspection of the curve reveals
a linear relationship between the two variables., Next the LD50 values
were correlated with the plasma concentrations of 2-PAM at two minutes
after poisoning with Sarin. (Figure 14).
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Although a high correlation coefficient was found, the correspondence
between the variables in this case appeared less consistent than had been
observed for the previous pretreatment case; further, a negative inter-~
sect was found. The divergence at the lower end of the curve suggested
that a transformation might improve the fit. Further, a linear analysis
suggested a continuous, non-ending increase in therapeutic benefit.

LR AR AN

Intuitively, the problem seemed to hinge on the plasma content of the
oxime, which was dependent on the dose. Hence the relationship between
these two variables was examined. (Figure 15). A simple linear regres-
sion yielded similar concerns as that considered earlier; that is, al-
though the line of regression was highly correlated, it seemed a deticient
explanation in terms nf accounting for dispersion in the data, particular-
ly since the two variables did not intersect at 0. A search for an empiri-
caily derived mathematical relationship which might ovetter account for the ]
data was sought. This search ended with a fitting of the data to a rec- .,
tangular hyperbola following a natural logarithmic transformation of the
plasma oxime content., (Figure 16).
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Remembering that both the plasma content and dose of oxime are rela-
tive to an LD50 value for Sarin, relating the LD50 value of Sarin to the
therapeutic plasma concentration becomes a two-step process by the non-
linear method, (Figure 17). First, the LD50 value of Sarin is used to
determine the apparent dose of oxime; second, the apparent dose of oxime
is related to the predicted plasma content of the oxime. Thus two models
could be examined for the relationship of the plasma level to the LD30
value: a linear and a non-linear model. A summary of predicted and ob-
served values is presented in the next figure. (Figure 18).
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A chi-square comparison of the two types of analysis is shown in the
next slide, A comparison of the linear and non-linear models through a
chi-square analysis suggested that the non-linear model is a better fit
of the data., Although the linear model has an acceptable level of sig-
nificance, its chi-square term is much larger than that of the non-linear
case, Therefore, the non-linear model is in better agreement with the
data. (Figure 19).
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From the relationship derived, a minimum therapeutic level of 2-PAM
may be determined., (Figure 2C). As you may recall, the work of Sundwall
suggested a functional minimum of 4 Wg/ml of P2S to antagonize the lethal
effects of Sarin. His experiments were conducted to determine an absolute !
plasma level of oxime, 1007 effective in reversing the signs of toxicity.
From the experiments I just described, a threshold value for the oxime
content in plasma may be found, one that estimates a minimum dose of 2-PAM
which gives a just meaningful difference in the efficacy estimate as
measured at the LD50, In the estimate of the LD50, confidence limits were
found for that point estimate. This particular estimate and its 95% confi-
dence limits suggest an upper limit for the efficacy of atropine alone.
Therapeutic benefit found beyond this upper limit may be considered as
resulting from the addition of other therapeutic compounds such as 2-PAM.
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Using the two-step process referred to earlier, a value of 3 Mg/ml
was computed which would yield a detectable difference in the LD50 of
Sarin due to the use of 2-PAM. This value is identical with the suggested
value for 2-PAM in dogs reported by Crook et al. (J. Pharmacol., Exp. Ther.
136, 1962) to protect against Sarin poisoning. It differs from the value
of Sundwall, whose work suggested a value of 5.2 Ug/ml PAM as a minimum
therapeutic level (4ug/ml of P2S is the equivalent of 5.2 ug/ml of PAM
when converted on a molar basis). Further, these results are consistent
with the value of 4.3 ug/ml as found by Fleisher et al. (Toxicol. Appl.
Pharmacol., 1€:40-47, 1970) in in vitro experiments, who found that this
level of 2-PAM reactlvated 88% of Sarin-inhibited RBC-AChE,
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Returning to our original questions: This research has demonstrated
(1) The relationship between the lethal dose values for Sarin and the
plasma content of 2-PAM are best expressed through a non-linecar relation-
ship, aud (2) a significant, predictable influencz is exerted by Sarin on
the plasma concentration of 2-PAM.
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One of the major difficulties in assessing an antidote’s efficacy against
organophosphorcus agents is the interspecies variation in efficacy which is
generallv observed. This problem is illustrated in Figure 1, which is a
compilation on the efficacies of various drug combinations against soman as
measured in several species. Antidote efficacy in this table is expressed as
the protective ratio, which is the ratic of the soman LD50 in animals
receiving antidote divided by the soman LDS50 in untreated animals. The
magnitude of the problem of interspecies variation is clearly evident from the
data in Figure 1. Such variation creates considerable uncertainty with regard
to the predicted efficacy in humans of antidotes whose efficacy is measured in
animal models. Consequently, the development of a 1logical procedure to
extrapolate antidote efficacy between species is a critical problem in the
evaluation of antidotes intended for eventual use in humans.

Resolution of the problem of interspecies variation in antidote efficacy
focuses on two hypotheses which are illustrated in Figure 2. Soman is a
racemic mixture of two types of stereoisomers: P(-), which are highly toxic
and P(+), which are nontoxic. The P(-) isomers, in addition to being toxic,
are also less susceptible to enzymatic hydrolysis by somanase, which has a
substrate specificity for the nontoxic P(+) isomers. The major means of in
vivo detoxification of P(-) isomers is to bind to nonspecific tissue binding
sites., vhich react irreversibly with both P(+) and P(-) isomers. Antidotes
produce tieir pharmacological effects by interaction with one of the three
components of the cholinergic complex. Oximes reactivate the inhibited
acetylcholinesterase (AChE), anticholinergic drugs block the excess
acetylcholine, stimulating acetylcholine receptors (AChR), carbamates protect
AChE, and all of these drugs may interact with the ion channel. Some workers
have hypothesized that the interspecies variation of antidote 2fficacy is the
result of differences in the responsiveness of the cholinergic complex of
various species to antidotes. However., the small pharmacological differences
which have been been demonstrated in vitro do not explain the large
differences in antidote efficacy. An alternative hypothesis is that the
apparent interspecies differences 1in antidote efficacy are the result of
interspecies variation in soman metabolism and disposition. To examine this
hypothesis, it is necessary to alter the detoxification of soman in vivo,
which can be accomplished by blocking the nonspecific tissue binding of soman
with an inhibitor known as cresylbenzodioxaphosphorin oxide (CBDP). The
structure of CBDP is shown in Figure 3.

CBDP possesses the ability to specifically block the tissue binding sites for
soman without inhibiting acetylcholinesterase. CBDP reacts 133,000 times
faster with tissue binding sites tharn AChE. In contrast, soman is more
specific for AChE than tissue binding sites. The bimolecular rate constant
for the reaction of soman with nonspecific tissue binding sites is only 1/100
of its reacticn rate constant with AChE. Thus, it is possible to administer
an in vivo dose of CBDP, which blocks the nonspecific tissue binding of soman
without inhibiting AChE.

In Fiaqure 4, the soman LD50‘s 1in control animals and animals receivina CBDP
are rresented. The soman 1LDS50’s in control animals vary considerablv from

near 100 ug/kg in mice and rats to near 30 ug/kg in rabbits and guinea pigs.
When animals are pretreated with CBDP at doses which block nonspecific
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binding sites for soman without inhibiting AChE, the LD50’'s of all species are
reduced to the same level (8-13 ug/kq). Thus, the difference in the LD50’s in |
various species appears to result from species differences in the quantity of i
tissue binding sites for soman. The soman LD50 in nonhuman primates is also

8-13 ug/kg, which may 1indicate an absence of nonspecific binding sites in
primates.

Vi
s
.

TR Sy T

Since the interspecies variation in soman toxicity can be eliminated by CBDP
treatment of animals, it was hypothesized that interspecies variation in .
antidote efficacy could be reduced or eliminated by CBDP treatment. Also ]
supporting the idea that nonspecific binding sites may alter the apparent |
antidote efficacy observed in different species is the correlation between

maximal antidote efficacy in mice and guinea pigs as shown on Figure 5. 1In

these studies, the doses of each drug (pyridostigmine given as oral .
pretreatment, atropine and PAM given i.m., postchallenge) to produce maximal 7
antidotal effect against soman were determined in each species. Antidote
efficacy is expressed as the soman LDS0 in mice or gquinea pigs receiving each
antidote regimen. A perfect correlation between mice and guinea pig models
for the optimized antidote efficacies presented in this graph would be
observed if the slope = 1, the intercept = 0, and the correlation coefficient N
(r) = 1. In this graph, the slope is 1.06 and r = 0.95, but the intercept is 7
65 ug/kg. The intercept describes a consistent 65 ug/kg difference in LD50 "
between mice and guinea pigs, which is exactly the difference in soman LD50's .
between the two species and, thus, equal to the difference in nonspecific X
binding sites in these species. In Figure 6, the difference in the levels of .
nonspecific binding sites between mice and guinea pigs has been eliminated by :
treatment with CBDP. The antidotes were administered at the same dose levels -
as in the previous slide. However, the intercept is now 6 ug/kg, the slope is ‘
0.7 and r = 0.99. CBDP treatment has eliminated nonspecific binding sites as 9
a factor in antidote efficacy and greatly reduced the interspecies differences

in antidote efficacy. as demonstrated by a high correlation coefficient. an
intercept near zero. and a slope near one.
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It should not be inferred from this study that all testing should be done in
CBDP-treated animals to eliminate interspecies variation. However, if an
antidote looks promising, an evaluation of antidote efficacy in CBDP-treated

r 1

v
B%
<

- rodents can suggest what degree of maximal efficacy is possible in species of z
. limited availability (e.g., nonhuman primates) or nonavailability (e.g., .
o3 humans). A summary of the results of this study is provided in the final =
L Figure. :
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Status of the Pyridostigmine Development Effort
by

LTC Gerald L. Wannarka, Ph.D.
HQ, US Army Medical Research and Development Command
ATTN: SGRD-DPM
Ft. Detrick, Frederick, MD 21701
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2.3

It is my intention to discuss the recent progress in developing a
pretreatment compound to be used to protect soldiers against the effects of
CW nerve agents. This review will be slanted more toward program issues
rather than science. While the latter are not of lesser importance,
restrictions affecting non—-science issues tend to make non-science issues
more difficult to resolve.
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