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ABSTRACT

The mutagenic potential of PHYSOSTIGMINE SALICYLATE was
assessed by using the Ames Salmonella/Mammalian Microsome
Mutagenicity Test. Tester strains TA97, TA98, TA100, TAl0Z,
TA1535, TA1537, and TAl538 were exposed to doses ranging from
0.2 mg/plate to 0.00064 mg/plate. The test compound was not
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PREFACE

TYPE REPORT: Ames Test GLP Study Report
TESTING FACILITY:
US Army Medical Research and Development Command
Letterman Army Institute of Research
Presidio of San Francisco, CA 94129-6800
SPONSOR:
US Army Medical Research and Development Command
US Army Medical Research Institute of Chemical Defense
Aberdeen Proving Ground, MD 21010-5425
Project Officer: LTC J. von Bredow, PhD, MSC
PROJECT/WORK UN1T/APC: 3M162734A875/308/TLEO
GLP STUDY NUMBER: 87001
STUDY DIRECTOR: MAJ John W. Harbell, PhD, MSC
PRINCIPAL INVESTIGATOR: Suzanne E. Sebastian, BA, SPC, USA
REPORT AND DATA MANAGEMENT:
A copy of the final report, study protocol, retired
SOPs, stability and purity data on the test compound,
and an aliquot of the test compound will be retained in
the LAIR Archives.
TEST SUBSTANCE: PHYSOSTIGMINE SALICYLATE
INCLUSIVE STUDY DATES: 30 January 1987 - 3 April 1987
OBJECTIVE:
The objective of this study was to determine the
mutagenic potential of PHYSOSTIGMINE SALICYLATE (LAIR

Code TW73) by using the Ames Salmonella/Mammalian
Microsome Mutagenicity Test.
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Mutagenic Potential of PHYSOSTIGMINE SALICYLATE in the
Ames Salmonella/Mammalian Microsome Mutagenicity Test-
Sebastian and Harbell

INTRODUCTION

Soman, the primary nerve agent uti.lized by threat forces,
is refractory to the standard antidotal therapy, atropine arnd
pralidoxime (2-PAM), fielded by the US Army. Consequently,
the highest priority has been placed on fielding a more
effective treatment regimen. A regimen incorporating
pyridostigmine as a prophylactic agent, combined with standard
atropine/2-PAM therapy, has proven extremely effective in
reducing mortality of Rhesus monkeys exposed to multilethal
concentrations of soman (1). However, these animals require a
prolonged period of recovery during which they are completely
incapacitated. This has been attributed to the quaternary
nature of pyridostigmine, which does not c¢ross the blood-brain
barrier and thus only protects the peripheral nervous system.
Consequently, a tertiary carbamate, PHYSOSTIGMINE, has been
proposed for the prophylactic regimen since it would protect
the central nervous system in addition to the peripheral
nervous system. Experimental studies support this hypothesis
as animals pretreated with physostigmine before exposure to
soman recover at a faster rate than animals pretreated with
pyridostigmine (2,3). An enhanced rate of recovery of
soldiers from a multilethal exposure to soman would produce a
decided advantage in maintaining a fully functional military
unit during a future conflict.

Although PHYSOSTIGMINE has been available for more than a
century (4), little directed research on its mutagenic
potential has been conducted. Consequently, the Division of
Toxicology, Letterman Army Institute of Research, was tasked by
the US Army Medical Research Institute of Chemical Defense to
provide a mutagenicity profile of PHYSOSTIGMINE SALICYLATE.
Thie report. describes the results of a mutagenicity study of
PHYSOSTIGMINE SALICYLATE in the Ames test.

The Ames Salmonella/Mammalian Microsome Mutagenicity
Test is a short-term screening test that utilizes histidine
auxotrophic mutant strains of Salmonella typhimurium to
detect compounds that are potentially mutagenic ir mammals.
A mammalian microsomal enzyme system is incorporated in the
test to increase sensitivity by simulating in vivo metabolic
activation of the test compound. The Ames Test is an
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inexpensive yet highly predictive and reliable test for
detecting mutagernic activity and thus carcinogenic potential
(3) .

This evaluation of PHYSOASTIGMINE SALICYLATE utilizes a
revision of the Ames Salmer-2lla/Mammalian Microsome
¥itagenicity Test (6). Two new tester strains, a frame-shift
s-rain (TA97) and a siralrn —arrying an cchre mutation on a
malticopy plasmid (TA10Z), #r2 added to the standard tester

s3ot.
"y S i S N .
chiective of the &L‘ngi{;

The objective of this study was to determine the
mitagenic potential of PHYSUSTIGMINE SALICYLATE (LAIR Code
TW73) by using the revised Amcs Salmonella/Mammalian
Microsome Mutagenicity Test.,

MATERIALS AND METHODS

A - CO 1

Chemical Name: SHYUCSTIGMINE SALICYLATE
LAIR Code Numker: TW73
Physical State: White crystalli:o snolid

Source: Division of Experimental Therapeutics
WRAIR, Washington, D.C.
Requested by LTC von Bredow, USAMRICD

Storage: PHYSOSTIGMINE SALICYLATE was received and
assianed the LAIR Code number TW/3. The test compound was
st ored in a desiccator at -72°C until used.

Chemical Properties/Ana.ysis: Data provided by WRAIR
characterizing the cher.~al compoesition and purity of the
test material are prescrted in Appendix A along with
confirmatory analysis of the test material performed by the
D:vision of Toxicology, LAIR (Prescidio of $an Francisco, CA).

T aagE
-

The positive centrol chemicals were dissolved in grade I
d:imethyl sulfoxide (lot 113F-0450) obtained from Sigma
Chemical Co. (St. Louis, MO). The test compound was ‘
dissolved in glass-distilled water. The glass-distilled
witer used in this assay was first passed through a Technic
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Model 301 Reverse Osmosis Unit (Seattle, WA), then through a
Corning MP-1 Mega-Pure System glass distillation unit
(Corning Glass Works, Corning, NY) (7).

Chemical P .

On the day of dosing, 300 mg of the test compound was
measured into a sterile vial and dissolved in glass-distilled
water to achieve a 5% (w/v) solution. Aliquots of this
solution were used to dose the test plates.

Test Strains

Salmonella strains TAS7, TA98, TA100, TA102, TA1535,
TA1537, and TA1538 obtained directly from Dr. Bruce Ames,
University of California, Berkeley, were used. These strains
were maintained in our laboratory in liquid nitrcgen.

Quality control tests were run concurrently with the test
substance to establish the validity of their special features
and to determine the spontaneous reversion rates.
Descriptions of the strains, their genetic markers, and the
methods for strain validation are given in the LAIR SOP, OP-
STX-1 (8).

Test Format

PHYSOSTIGMINE SALICYLATE was evaluated for mutagenic
potential according to the revised Ames method (6). A detailed
description of the methodology is given in LAIR SOP, OP-5TX-1
(8).

Toxicity Tests:

Toxicity tests were conducted to determine a sublethal
concentration of the test substance. This toxicity level was
found by using minimal glucose agar (MGA) plates,
concentrations of PHYSOSTIGMINE SALICYLATE ranging from 1.6 x

10-3 mg/plate to 5 mg/plate, and approximately 108 cells of
TA100 per plate. Top agar containing trace amounts of
histidine and biotin was placed on the plates. Strain
verification was confirmed on the bacteria, along with a
determination of the spontaneous reversion rate. After
incubation, the growth on the plates was observed. Since the
two highest doses showed a decreased number of macrocolonies
(below the spontaneous rate) and an observable reduction in
the density of the background lawn, the highest dose selected
for the mutagenicity test was 0.2 mg/plate.
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Mutagenicity Test:

The test substance was evaluated over a 1000-fold range
©f concentraticns, decreasing from the minimum toxic level
(~he maximum or 1! .it dose) by a dilution factor of 5, both
' th and withour 0.5 ml of the $-9 microsome fraction. The
5-9 (lot R-315) was purchased from Micrcbiological
Associates, Inc. (Bethesda, MD). A standard S9 mix (4%) was
used (). After all the ingredients were added, the top agar
was mixed, then overlaid on MGA plates. Thesec plates
crntained 2% glucose and Vogel Bonner "E" concentrate (9).

P ates were incubated upside down in the dark at 37°C for 48
hoirs. Plates were prepared in triplicate, and the average
revertant counts were recorded. The average number of
revertants at each dose level was compared to the average
number ¢f spontaneous revertants {negative control}. The
spontaneous reversion rate (with and without 5-9) was
mzritored by averaging the counts from two determinations run
simultaneously with the test compound. The spontaneous
“zsersion rate was determined by incculating one set of

o 1tes before and une set after the test compound plates so
~*iat any change in srontaneo's reversion rate during the

! sing procedure would be detected. This spontaneous
reversion rate was also compared with historical values for
this laboratory and those cited in Maron and Ames (6).
s*erility and strain verification controls were run
concurrently. All reagents, test compounds, and media were
checked for sterility by plating samples of each on MGA media
and incubating them at 37°C with the t<s. plates. The
integrity of the different Salmonella strains used in the
aisay was verified by the fellowing standard tests:

-Lack of growth (inhibition) in the presence of crystal violet
which indicates that the prerequisite alteration of the
lipopolysaccharide layer (LP) of the cell wall is present.

~Growth in the presence of ampicillin-impregnated disks
which indicates the presence of an ampicillin-resistant R
Factor in all straine oxcept TA1535, TA1537, and TA1538.

-Lack of growth (inhibition) following exposure to
ultraviolet light which indicates the absence of the DNA
excision-repair mechanism (all strains except TA102).

Six known mutagens were tested as positive controls to
c.nfirm the respensiveness of the strains to the mutation
c-ocess. Each strain must be tested with at least one
psitive control but may be tested with several. These
- mpoeunds, bhenzolalpyrene (lot 18C-0378), 2-aminofluorene (lot
n 1547y, ?-aminoanthracene (lot 020797), mitomycin-C (lot
G 1=065%5), N-methyl-N'-nitro~N-nitrosoguanidine (lot 127C-
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0342), and 4-nitroquinoline-n-oxide (lot 84F-0572), were
obtained from Sigma Chemical Co. (St. Louis, MO). The test
compound and mutagens were handled durlng this study in
accordance with the standards published in NIH Guidelines for

the Laboratory Use of Chemical Carcinogepns (DHHS Publication
No. (NIH) 81-2385, May 1981).

Rata Interpretation

According to Brusick (10), a compound is considered
mutagenic if a positive dose response (correlated dose
response) over three dose concentrations is achieved with at
least the highest dose yielding a revertant cclony count
greater than or equal to twice the spontaneous colony count
for the tester strains TA98 and TA100, or three times the
spontaneous coleny count for strains TA1535, TA1537, and
TA1538. A strong correlated dose response in strain TAl00
without a doubling of the individual colony count may also be
considered positive.

Maron and Ames (6) consider a compound mutagenic in
tester strains TA97 and TAl02 if a correlated dose response
over three concentrations is achieved with the highest dose
ylelding a revertant colony count greater than or equal to
twice the spontaneous colony count.

Dev] ion

A 72-hour rather than a 48-hour incubation period was
used for strain TA102 only. This gave the colonies an
additional 24 hours to grow thus enabling all revertant
colonies to be detected with the colony counter (Maron 1985,
personal communication). Colony counts for all other strains
were recorded after 48 hours.

Storage of the Raw Data and Final Report

A copy of the final report, study protocols, raw data,
50Ps, and an aliquot of the test compound will be retained in
the LAIR Archives.

RESULTS

On 16 May 1986, the toxicity of PHYSOSTIGMINE SALICYLATE
was determined (Table 1). For this experiment all sterility,
strain verification and negative controls were normal (Table
1) . Exposure of the tester strain (TA100) to the two highest
doses showed a decrease in the number of macrocolonies, and an
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TABLE 1: TOXICITY LEVEL DETERMINATION FOR
PHYSOSTIGMINE SALICYLATE

GLP 3TUDY NUMBER 87001

NG MEAN i1SD BACKGROQUND LAWN*

START NEGATIVE CONTROL 76 4.7 NL
5.0 mg/plate 0 - ST
.0 mg/plate 21 7.6 ST
D.2 mg/plate 84 10.6 NL
.04 mg/plate 80 10.4 NL
3.008 mg/plate B6 7.8 NL
5.001e6 mg/plate 71 7.0 NL
“ND NEGATIVE CONTROL 91 7.2 NL

I3100*
HISTIDINE REQUIREMENT NG
AMPICILLIN RESISTANCE G
Y NG
CRYSTAL VIOLET SENSITIVITY NG
"TERTLITY CONTROL NG
Y s J
s BIER D QBRSERVATION*
INIMAL GLUCOSE AGAR P7ATES NG
TOP AGAR NG
DILUENT WATER NG
MUTRIENT BROTH NG
"EST COMPOUND (EIGHEET DOSE) NG

"NL=Normal Lawn, G=Growth, NG=No Growth, ST=Slight Toxicity
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observable reduction in the density of the background lawn,
indicating chemical toxicity. Therefore, the highest dose
selected for the mutagenicity test was 0.2 mg/plate. Normal
results were obtained for all sterility and strain verification
tests during the Ames Test performed on 13-15 August 1986
(Table 2). PHYSOSTIGMINE SALICYLATE did not induce an
appreciable increase in the revertant colony counts relative to
those of the negative control cultures (Table 3). A tabular
presentation of the raw data is included in Appendix B.

DISCUSSION

Certain test criteria must be satisfied before an Ames
Test can be considered a valid assessment of a compound's
mutagenic potential. First, the special features of the Ames
strains must be verified. These features include
demonstration of ampicillin resistance, alterations in the LP
layer, and deficiency in DNA excision-repair (except TA102).
Second, the Salmonella strains must be susceptible to
mutation by known mutagens. Third, the cptimal concentration
of the test compound must be determined by treating TA100
with a broad range of doses and observing the potential toxic
effects on formation of macrocolonies and microcolonies. If
these tests are performed and expected data are obtained,
then the results of an Ames Test can be considered valid.

After validation of bacterial strains and selection of
optimal sublethal doses, PHYSOSTIGMINE SALICYILATE was
evaluated in the Ames Test. Criteria for a positive responsc
include both a correlated dose response over three dose
concentrations, and a revertant colony count at least two
times (TA97, TA98, TA100, TAl102) (5,10) or three times
(TA1535, TA1537, TA1538) (6,8) the spontaneocus revertant
colony count. PHYSOSTIGMINE SALICYLATE did not induce the
requisite dose-response relationship or the increase in
revertant colony counts necessary for a positive response.
Thus, the results of this test indicate that PHYSOSTIGMINE
SALICYLATE is not mutagenic when evaluated in the Ames Test.

CONCLUSION

PHYSOSTIGMINE SALICYLATE was evaluated for mutagenic
potential in the Ames Test, in both the presence and the
absence of metabolic activation, and did not induce a
positive mutagenic response under conditions of this study.
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™ABLE 2: STRAIN VERIFICATION AND STERILITY TESTING
FOR THE MUTAGENICITY DETERMINATION OF
PHYSOSTIGMINE SALICYLATE

GLP STUDY NUMBER 87001

STRAIN VERIFICATION

OBSERVATIONS*

HISTIDINE AMP1CILLIN uv CRYSTAL STERILITY
SSRAIN REQUIREMENT RESISTANCE  REPAIR VIOLET CONTROL

TA97 NG G NG NG NG
TAO8 NG G NG NG NG
TALQCO NG G NG NG NG
TALO2 NG G G NG NG
TALS35 NG NG NG NG NG
TA1537 NG NG NG NG NG
TA1538 NG NG NG NG NG

STERILITY CONTROL FOR MUTAGENICITY DETERMINATION

MATERIAL TESTED OBSERVATJION*
MINIMAL GLUCOSF AGAR PLATES NG
Top AGAR NG
MTLUENT WATER NG
NUTRIENT BROTH NG
TEST COMPOUND (HIGHEST DOSE) NG
S-9 NG

*G = Growth, NG = No Growth
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APPENDIX A: Chemical Data

Chemical Name: Physostigmine salicylate

Other Names: Eserine salicylate; Physostigmine, 2-
hydroxybenzoate; 1, 2, 3, 3a, 8, 8a-Hexahydro-1, 3a, 8-
trimethylpyrrolo[2, 3-b]indol-5-0l1 methylcarbamate
(ester), (3aS-cis)-, mono (2-hydroxybenzoate) (salt)

Lot Number: BL25591

Chemical Abstracts Service Registry Number: 57-64-7

LAIR Code: TW73

WRAIR Code: WR 6570AM

Chemical Structure:

CH,
j:H3 O IllH
i 2
L«k/@ Y -ooc@
] | HO
CH, CH,

Molecular Formula: C15H2]1N302 ¢ C/HgO3
Molecular Weight: 413.47

Analytical Data:

The test compound was analyzed by the sponsors and the
identity confirmed by UV and IR spectroscopy, high pressure
liquid chromatography, mass spectrometry and elemental
analysis.! Based on HPLC analysis of this test compound in
comparison with the USP physostigmine salicylate reference
standard, lot BL25591 contains 66.7% (100.1% of theory)
physostigmine base and 33.7% (100.8% of theory) salicylic
acid or 100.4% physostigmine salicylate.l

HPLC analysis of physostigmine salicylate in this lab
was performed using a Hewlett-Packard 1090 HPLC system
equipped with a diode array detector. The compound was
chromatographed under the following conditions: silica
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APPENDIX A (cont.): Chemical Data

cclumn (4.6 x 100 mm, Brownlee Labs, Inc.); mobile phase, 15%
acetonitrile/buffer (0.01M NaHPO4 with 0.0025M tetramethyl-
armonium chloride); flow rate, 1.5 ml/min; wavelength
mcenitored, 210 nm. The compound eluted as two peaks with
rotention times of 0.9 min (salicylic acid), and 3.9 min
(-bvsostigmine) .4

1® (KBr): 3320(broad), 2964, 2325, 1744, 1629, 1594,
145, 1460, 1383, 1326, 1245, 1203, 1184, 1151, 1140, 1087,
1006, 993, 944, 860, 807, 754, 704, 667, 382 cm-1.3 The IR

spectrum was identical to that provided by the sponsorsl.

Scurce: Bill Ellis
Division of Experimental Therapeutics
Walter Reed Army Institute of Research
Washington, DC
Requested by LTC Jurgen von Bredow, PhD, MSC

- m——

ynamori B, Benitez A, and Lim P.  Assay of physostigmine
ooy late, WR-6HT70AM, BLZ5H591L. Menlo Park, CA: 5R1
irternational, 1 November 1986; Report no. 553,

“wWnecler CR. Toxicity testing of antidotes of chemical

warfare agents. Laboratory notebook #85-12-024.1, pp 2-11.
Lecterman Army Institute of Research, Presidio of San

Francisco, CA.

J¥neeler CR. Toxicity testing of antidotes of chemical
warfare agents. Laboratory notebook #85-12-024.3, pp 10-11.
Letterman Army Institute of Rcsearch, Presidio of San

Francisco, CA.
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