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The Effects of Pyridostigmine Bromide on

Visual Performance

RoGER W. WILEY, O.D., Ph.D., Joun C. KoTurax, O.D,,
M.S., and Isaac BEHAR, Ph.D.

WiLey RW, KotuLak JC, BEHAR 1. The effects of pyridostigmine
bromide on visual performance. Aviat. Space Environ. Med. 1992;
63:1054-9.

The effects of pyridostigmine bromide (P8) on selected visual
functions were measured on four heaithy aviator candidates.
Following a pretreatment day during which baseline measure-
ments were completed, subjects were administered currently
recommended doses (30 mg, t.l.d.) of P8 for 3 d during which
their visval functions were assessed using o repeated measures
design. Spatial resolution ability was evaluated with high and
low contrast visual aculty charts and contrast sensitivity crarts
at three luminance levels. Dark adoptation was evaluated by
measuring visval thresholds for 40 min after a standardized
retinal phetopigment bleach. Also, refractive error and several
eculomotor functions (lateral phoria, fusional vergence, accom-
modative amplitude, and pupil size) were measured. On days
that the subjects ingested PB, only refractive error and pupil
diometer were significantly different, and these only minimally.
We conclude that the use of PB at doctrinal doses will not sig-
nificantly compromise an aviator’s visual ability.

YRIDOSTIGMINE BROMIDE (PB), a quaternary

carbamate which is used as a pretreatment drug
against potential nerve agent exposure, reversibly binds
acetylcholinesterase, thereby preventing the hydrolysis
of the neurotransmitter acetylicholine at neural synapses
(20). Therefore, possible side effects (20) for individuals
taking PB are related to stimulation of those physiolog-
ical systems mediated by the cholinergic system. Mus-
carinic side effects include gastrointestinal upset, bra-
dycardia, increased salivation and bronchial secretions,
diaphoresis, and miosis. Nicotinic side effects are mus-
cular fasciculations and weakness.

Recent reports have provided insight about the po-
tential impact on military operations of side effects as-
sociated with ingestion of PB. For example, several
studies have investigated the physiological response to
heat and exercise with PB-dosed volunteers. Various
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biochemical assays indicate that the physiological ef-
fects from PB with moderate temperature and exercise
are minimal (21). However, PB apparently reduces skin
blood flow and may adversely affect thermoregulation
in more severe environmet:ts (16). None of the subjects
experienced significant symptoms during the present
study, although two of the four subjects commented
that they thought that were slightly more fatigued. They
all continued to maintain active exercise programs.

Other studies have been directed toward the special
demands that might arise from aviators taking PB. Boll
et al. (3) did not find any changes in +G: tolerance or
hand grip strength among subjects after ingesting PB.
Dellinger et al. (7) monitored heart rate and vagal tone
in C-130 aircrew flying simulated missions after taking
PB or a placebo. While there were no drug effects in
basic heart rate or vagal tone, during the simulated drop
segments of the mission, heart rate increased and vagal
tone decreased significantly among aircrew having the
placebo. In a study by Gawron et al. (10), C-130 pilots
flew simulated missions after taking either PB or a pla-
cebo. The results indicated that PB did not hinder suc-
cessful mission completion or cause a greater number of
navigation or airdrop errors. In comparison, Harriman
et al. (12) investigated the effects of PB on A-10 pilots.
These pilots took either PB or a placebo prior to exe-
cuting a variety of mission profiles. On flight days when
PB was given, 50% of the pilots reported 27 subjective
symptoms compared to placebo days in which only 21%
of the pilots presented with 6 symptoms. Also the PB
apparently caused decreased heart rates and increased
skin temperatures. These studies have shown that, al-
though PB causes some subjective symptoms, the phys-
iological changes are relatively minor and apparently do
not compromise flying ability.

The underlying logic for selecting a quaternary com-
pound such as PB as a pre-exposure therapy, rather
than a tertiary carbamate such as physostigmine salic-
ylate, equally effective in binding acetylcholinesterase,
is that PB presumably does not cross the blood-brain
barrier. Therefore, there should be an absence of cen-
tral effects caused by the drug. It is reasonable to
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assume that sensory systems, such as vision, would re-
main unaffected. Indeed, several neurophysiological in-
vestigations have demonstrated central visual system
changes following administration of physostigmine sa-
licylate which do not occur with currently recom-
mended (doctrinal) dose levels of PB (i.c., 30 mg, t.i.d.),
even when the blood cholinesterase inhibition has been
achieved (6,15). Additional evidence for the absence of
a central neural response following PB is provided by
several visual psychophysical experiments. Graham
and Cook (11) did not demonstrate any significant
changes in static visual acuity, stereopsis, or contrast
sensitivity among a large number of subjects taking PB.
Similarly, Borland et al. (4) found that PB did not influ-
ence static visual acuity while their subjects’ perfor-
mance improved in a dynamic acuity task with PB. Kay
and Morrison (14) reported a small but significant im-
provement in contrast sensitivity as well following in-
gestion of PB. These latter investigators repeated their
experiments using a technique which eliminated optical
effects, and, under these viewing conditions, the im-
provement in contrast sensitivity was not present.

The present investigation was initiated to determine if
changes in parasympathetic activity caused by PB in-
gestion were sufficient to degrade visual performance,
particularly at low light levels. Potential changes in the
ocular components which contribute to image formation
were of special interest. Also, since previous studies
(4,11) have reported difficulties in oculomotor tracking
with PB, clinical measurements to assess oculomotor
function were included.

MATERIALS AND METHODS
Subjects

Four male subjects (average age = 23 years) who
were awaiting initial flight training volunteered for the
study. All subjects had completed intensive flight med-
ical examinations and were considered to be in good
health.

The subjects were admitted to a military hospital dur-
ing the period of the study and the PB was administered
by nursing personnel. This was to insure that the PB (30
mg, t.i.d.) was ingested on schedule and to control nu-
tritional intake.

Study Procedures

Five test sessions on consecutive days, each requir-
ing approximately 3 h, were completed for all subjects.
The first day was pre-drug to establish baseline scores.
Days 2, 3, and 4 were PB days, and day 5 was the
post-drug day to insure no residual effects from PB re-
mained. Published pharmacokinetic parameters indicate
that the elimination half-life of PB is approximately 1.8
h and its bioavailability is 7.6 h (1).

The subjects were divided into pairs and reported to
the research laboratory for testing either in the morning
or afternoon sessions. Following clinical and psycho-
physical testing, blood samples were obtained and ana-
lyzed, using the technique of Eliman et al. (8), to deter-
mine blood cholinesterase levels so that inhibition levels
could be inferred.
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Spatial Vision

Spatial vision was evaluated using two chart tests,
one of which provided an estimate of contrast sensitiv-
ity (CS), while the other test determined high and low
contrast visual acuity (VA). The charts were evenly il-
luminated by two banks of stand-mounted fluorescent
lamps that provided a chart background luminance of
approximately 88.5 cd/m?. Binocular thresholds were
obtained at three luminance levels, adjusted by viewing
the charts either with no filters or with neutral density
filters of optical density (OD) 2 or 4 (light transmission
of 1% or 0.01%, respectively) in front of the eyes.
Therefore, the effective chart luminance was 88.5 cd/
m”, 0.885 cd/m?, or 0.0089 cd/m>. As the subjects were
dark adapted at the start of spatial vision testing, they
were first tested using the 4-OD filters, then the 2-OD
filters, and finally with unobstructed viewing. The order
of testing at each luminance level was as follows: CS,
high contrast VA, then low contrast VA. Practice ef-
fects within a given day were minimized by using two
equivalent versions of each chart, one with the 4-OD
filters and with no filter, while the other was used with
the 2-OD filters.

The Pelli-Robson chart was used to obtain an esti-
mate of CS. This chart consists of eight lines of six
letters. All letters are the same size, subtending 0.5°
visual angle at the viewing distance of 3 m. This letter
size is assumed to provide an estimate of contrast sen-
sitivity equivalent to that obtained using sinusoidal grat-
ings of a spatial frequency between 3 and 5 cycles” (19).
There are two groups of three letters each on each line
of the chart. The letters in each group have the same
contrast and the log contrast for each successive group
is reduced by 0.15. The highest contrast letters are at
the top of the chart with lower lines having reduced
contrast in an orderly fashion.

Visual acuity was measured with the Bailey-Lovie
high and low contrast visual acuity charts (2). These
charts consist of 14 rows of § letters. Letters on the high
contrast chart appear black against the white back-
ground and have a nominal contrast of 90%, while let-
ters on the low contrast chart appear light gray and have
a nominal contrast of 8%. Subjects were tested at 4.6 m.
At this testing distance, the largest letters have a VA
requirement of 20/166.4 (logMAR 0.92) and the smallest
letters have a VA demand of 20/8.3 (logMAR -0.38).

Oculomotor Functions

The effects of PB on the eye’s muscle systems were
assessed by evaluating five representative oculomotor
functions. Three of these functions are known to be
affected by parasympathomimetic drugs which PB also
might mimic; namely, pupil diameter (18), amplitude of
accommodation (9), and refractive error (9); the latter
because of ciliary spasm causing excessive accommo-
dation. In addition, previous investigations suggest that
the lateral phorias might be affected indirectly through
alteration of the relationship between accommodative
vergence and accommodation (5,9). The fifth function
chosen for study, fusional vergence, has not been
shown to be influenced by parasympathomimetics.
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A phoria can be simply defined as a deviation of the
lines of sight when fuston is prevented. A deviation to-
wards the nasal midline is referred to as an esophoria,
whereas one away from the midline is termed an exo-
phoria. In the present study, the phorias were measured
using the von Graefe method in which a variable-power
prism was placed with a vertical axis orientation before
the left eye to disrupt fusion and a horizontal prism was
used before the right eye to align the two vertically-
separated images. The amount of horizontal prism re-
quired to achieve alignment is the magnitude of the pho-
ria, and the direction of the prism base (i.e., exophoria,
base in; esophoria, base out) determines its direction.

Fusional vergence, the oculomotor system's compen-
satory mechanism for a phoria, was measured with the
Risley prisms oriented with their bases either in or out
in front of both eyes while the subjects viewed a target
at either 6 m or 40 cm. The amplitude of fusional con-
vergence or divergence was taken to be the greatest
amount of base out or base in prism, respectively, that
could be tolerated before the subjects reported either
blur or diplopia.

Pupil diameter was measured using a millimeter rule
while the subjects were completely adapted to either
room illumination (25 fc) or in a darkened room. The
subjects were instructed to look straight ahead at a dis-
tant object to obviate pupil effects associated with ac-
commodation and convergence. For the darkened room
measurements, the investigator wore night vision gog-
gles and used infrared illumination to determine the pu-
pil diameters.

The amplitude of accommodation defines the limit of
the operation range of the focusing system of the eye.
For this experiment, the device used to assess this func-
tion was the Prince’s Rule which consists of a threshold-
sized visual stimulus on a card attached to and moved
along a calibrated shaft. The amplitude of accommoda-
tion 1s taken to be the reciprocal of the nearest distance
from the eye that the target can be seen clearly. Al-
though used commonly in eye clinics. the Prince’s rule
actually does not measure accommodative response,
but it does specify the stimuius 10 accommodation that
elicits the maximal response. Under the conditions of
this experiment (photopic luminance, high contrast tar-
get), the accommodative stimulus tends to be similar to
the accommodative response (13,17).

While refractive error is not an oculomotor function
per se, transitory changes in refraction under the influ-
ence of parasympathomimetics have been attributed to
alternations in tonic accommodation; i.¢., ciliary spasm
(9). The refractive errors of our subjects were assessed
objectively using a commercial autorefractor (Nidek
Autorefractor/Keratometer, Model ARK-2000). This
device measures both the spherical and cylindrical (as-

in the analysis, the spherocylindrical refractive error
was converted to an equivalent sphere value (one half
the cylinder added to the sphere component).

Dark Adaptation

Dark adaptation was measured with a clinical Gold-
mann/Weekers Adaptometer. An identical test proce-
dure was used for all subjects on each of the five test
days. At the start of each test session, the subject was
seated in a dimly illuminated room (5 fc) for 5 min.
Following this period, all lights were turned off and the
subject remained.in the dark for 3 min. During this time,
his left eye was occluded and he positioned himself
comfortably in front of the hemispherical Ganzfeld of
the adaptometer, Following this period, the hemisphere
was illuminated ‘and the subject was light adapted by
staring into the uniformly bright (321 fL) Ganzfeld. Af-
ter the S-min period ¢ light adaptation, the hemisphere
lighting was extinguished and the fixation light became
visible. Light threshold measurements started immeai-
ately.

An ascending method of limits was used with the sub-
ject indicating when the test stimulus became visible by
tapping on the instrument table. The angular subtense of
the test stimulus was 10° and it stimulated a portion of
retina approximately 10° below the fovea. Threshold
measurements were made every minute for 40 min after
the light adaptation period.

RESULTS

Mean contrast sensitivity thresholds (expressed in log
contrast sensitivity) for the four subjects are given in
Table 1, where it may be seen that CS is very strongly
affected by luminance condition, but did not differ from
day to day over drug conditions. The luminance effect is
statistically significant (Fy, = 3180.3, p < 0.0001),
while neither the day's effect nor the luminance-by-days
interaction is significant. The comparison of days 1 and
5 (no drug) vs. days 2-4 (drug) also is not significant.

Mean visual acuity thresholds (expressed in logMAR
values) for the four subjects for each of the 5 d of the
study are given in Tables 1l and III for high and low
contrast VA, respectively. For these tables, the data
were retained in logMAR units to calculate their means
which were then converted to Snellen equivalents for
display.

As was found for CS, high contrast VA thresholds
were also strongly affected by luminance variation, but
did not differ from day to day over drug conditions. The
luminance effect is statistically significant (F,,, =
1211.2, p < 0.0001), while neither the day's effect nor
the luminance-by-days interaction is significant. The
comparison of days 1 and 5 (no drug) vs. days 24 (drug) — |

tigmatic) components of the refractive error. To assist  again is not significant. ‘lon PFor
TABLE 1. LOG CONTRAST SENSITIVITY FOR DIFFERENT LUMINANCE LEVELS FOR GRA&I
EACH TEST DAY. viil TAB
Luminance T-day 1 T-day 2 T-day 3 Post gn&m:loum: ed
Filter 4 OD 0.39 0.39 0.2 0.53 0.49 ustificetfon
Filter 20D 1.62 1.62 1.66 1.66- 1.66
No filter 1.92 1.85 1.88 1.92 1.96
By
D 11
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TABLE I1. LogMAR (AND SNELLEN) HIGH CONTRAST VISUAL ACUITY WITH THE
DIFFERENT LUMINANCE LEVELS FOR EACH TEST DAY.

Luminance Pre T-day 1 T-day 2 T-day 3 Post
Filter 4 OD 0.76 0.76 0.79 0.72 0.75
(20/119) (20/115) (20/123) (20/105) (20/112)
Filter 20D 0.07 0.07 0.07 0.0 0.02
(2023) (20/23) (20/23) (20/22) (2021)
No filter -0.16 -0.13 -0.12 -0.17 -0.20
(20/14) (20/15) (20/15) (20/14) (20/13)

TABLE IIl. LogMAR (AND SNELLEN) LOW CONTRAST VISUAL ACUITY WITH THE
DIFFERENT LUMINANCE CONDITIONS FOR EACH TEST DAY.

Luminance Pre Tday 1 T-day 2 T-day 3 Post
Filter 4 OD >0.92 >0.92 >0.92 >0.92 >0.92
(>20/116) (>20/116) (>20/116) (>20/116) (>20/116)
Filter 20D 0.33 0.38 0.38 0.36 0.33
(20/43) (20/48) (20/48) (20/46) (20/43)
No filter 0.10 0.08 0.08 0.06 0.06
(20125) (20/24) (2024) (20/23) (20123)

The results for low contrast VA parallel those found
for CS and for high contrast VA. Thresholds again were
strongly affected by luminance variation, but did not
differ from day to day over drug conditions. When the 4
OD filters were used, not even the largest letters on the
low contrast VA chart were visible to any subject, and
this condition was eliminated from further analysis. The
luminance effect for the remaining two levels is statis-
tically significant (F,, = 85.1, p < 0.0027), while nei-
ther the day’s effect nor the luminance-by-days interac-
tion is significant. As with the previous analyses, the
comparison of data from days 1 and 5 (no drug) vs. days
2-4 (drug) is not significant.

Analyses of variance with repeated measures were
used to examine the oculomotor data. If at least one of
the means was found to differ statistically from the re-
mainder, 2 ‘*contrast over a within factor’’ analysis was
done to determine if the difference might be an effect of
pyridostigmine; i.e., results from drug vs. non-drug test
days were compared.

Of the six tests assessing oculomotor function, four
were not affected by PB. The phorias (Fig. 1) showed no
statistically significant effect with test distance or with

5.0
404 O—0O For
304 ®—@® Near

2.04
1.04
0.0 4
-1.0¢
-204
-3.01
-40¢
-50 v . — '
Pre T=1 T-2 T=3
Tire (doy of experiment)

Fig. 1. Laters! pheria measurements (prism diepters) at 6 m
(far) and 40 cm (near) for euch test day. Average of 4 subjects.

Eso

Exo

Phoria (prism diopters)

Post
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PB (experimental test day). Fusional divergence (Fig.
2), however, did show an effect for test distance (6 m vs.
40 cm). However, since this test distance effect could
not be related to PB, it was not analyzed further. There
was no significant difference for test day. The fusional
convergence results (Fig. 3) did not vary significantly
with test distance or test day. Fig. 4 shows the data from
the amplitude of accommodation measurements. Again,
there were no statistically significant effects of the PB
test days vs. non-drug days.

The remaining clinical visual tests, pupit diameter and
refractive error, both demonstrated significant results
which might be related to PB. The pupil diameter mea-
surements (Fig. 5) were significantly affected by light
level, an expected finding and most probably not asso-
ciated with the PB. However, the pupil diameters were
significantly different (p < 0.02) on non-drug days (pre
and post) and drug days (T-1, T-2, and T-3). Finally,
refractive error (accommodative spasm) (Fig. 6) showed
a significant effect and a contrast over a within factor
analysis revealed a significant difference (p < 0.02) be-
tween non-drug and drug day measurements.

The data for recovery of visual sensitivity following

24.0
220¢
20.0 1
18.0¢4
16.0¢
140+
120¢
10.0¢4
80+
6.0 T\e——‘?\?——“?
404
2.0 + +
Pre T-1 T-2 T-3
Time (doy of experiment)

fig. 2. Fusional divergence (prism diepters) at 6 m and 40 ¢cm
for each test day. Average of 4 subjects.

O—O For
@®—@ Neor

Divergence (prism diopters)

Post
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20.0
18.01
16.04
14.0¢
12.0¢
100+
8.0+
6.0¢1
4.0¢
2071
0.0

O—OQ For
@—@® Neor

Convergence (prism diopters)

T-1 T=-2 T=3
Time (doy of experiment)

Fig. 3. Fusional convergence (prism diopters) at 6 m and 40 cm
for each test day. Average of 4 subjects.

Pre Post

11.0

10.0-(
9.0¢
8.0+
7.0¢
G.O-L

5.01

Accommodative amplitude (D)

4.0 + -t +
Pre -1 T-2 -3
Time (day of experiment)

Flg. 4. Maxi dative resp {diopters) for each
test day. Average of 4 subjects.

Post

11.0
O—Q Dork
10.04

90+ 0—@ Light
8.0+4

7.0+

6.0¢

5.04

3.04 é\ l i ¢
2.0+

1.0 +

40+
Pre

Pupil diameter (mm)

T=-1 T-2 T-3 Post
Time (day of experiment)
Fig. 5. Average pupil diemeter when the subjects are seated
in @ lighted reom (23 fc) or in complete darkness.

retinal bleaching are shown in Fig. 7. For this figure, the
average visual threshold from the four subjects is plot-
ted for the various times between 10 and 40 min follow-
ing exposure to the bleaching light. As can be seen,
except for minor perturbations, the curves are practi-
cally superimposed with the average thresholds ob-
tained on the two non-drug days providing the maxi-
mum and minimum values for most of the postexposure
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05
0.3¢
0.0¢
-0.34
~0s{
-08+

-1.01
-1.34

-1.5 —+
Pre

Equivolent sphere (D)

T-1 T-2 T-3
R Time (doy of experiment)

Fig. 6. Avorugo. refractive error (equivalent sphere) measured
on each test day. °

Post

70

604

50+
401
30+
204

Threshold luminance
(miero-micro lamberts)

10+

15 20 25 30
Time (minutes)

Fig. 7. Average threshald luminance over time following ret.
inal photopigment bleaching with white light.

times. Because our subjects demonstrated a wide vari-
ation in the PB effect reflected by blood cholinesterase
inhibition, the absolute visual thresholds for every sub-
ject on each test session were plotted as a function of %
AChE inhibition for that test day. These data are shown
in Fig. 8. While there is a minor positive relationship,
indicating a slight increase in threshold with increasing
inhibition, the variation in threshold values is quite
Jarge. This is suggested by the small coefficient of de-
termination (r?) value.

DISCUSSION

Our results indicate that ingestion of pyridostigmine
bromide at military doctrinal levels for pre-exposure
therapy against potential nerve agents should not com-
promise visual performance. Although data were ob-
tained for these levels from only four subjects, the
changes observed were quite minimal. For example,
low contrast acuity with dim illumination (Table III) is a
very demanding task and should reveal even subtle ef-
fects. Our subjects did not demonstrate any significant
changes in their spatial vision performance with this
difficult task although, for the dimmest lighting condi-
tion, they could not see the largest low contrast target
regardless of drug vs. non-drug day.

Aviation, Space. and Environmental Medicine + December, 1992
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10
9%
B8+* . .

71 °
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54
44
3¢+ TeTm oot
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{micro-micre lamberts)

Threshold luminance
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o ‘- P "
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Fig. 8. Absolute light sensitivity as a function of measured
blood acetyicholinesterase inhibition. Several of the data pairs
had identical values so their corresponding data points are su-
perimposed in the figure.

Among the extensive oculomotor testing, only two
functions were found to be significantly affected by PB.
Our subjects were slightly more myopic (0.25-0.50 di-
opters) for those test days on which they had PB (Fig.
6). Also, their pupil diameters were slightly, but signif-
icantly, smaller on those same test days (Fig. S). Both of
these results probably can be attributed to increased
parasympathetic activity secondary to cholinesterase
inhibition. Increased parasympathetic activity would
stimulate the pupillary sphincter to reduce pupil diam-
eter and could cause a minor ciliary spasm with a con-
sequent slight myopic shift. For distance vision, these
results would be in counterbalance as demonstrated by
the unchanged spatial vision results. Normally, an in-
crease in myopia should be accompanied by a corre-
sponding decrease in distance acuity. However, a
smaller pupil diameter would increase the depth of fo-
cus and serve to reduce refractive error effects. This is
especially true for those results obtained under brighter
conditions. As mentioned previously, Kay and Morri-
son (14) reported a slight improvement in contrast sen-
sitivity when their subjecis were influenced by PB. No
improvement was seen when they eliminated optical
and pupillary aperture effects. Another possible second-
ary effect from a smaller pupil is a reduction in the
amount of light reaching the retina. However, the re-
sults shown in Fig. 7 and 8 which display changes in
visual sensitivity over time and with different cholines-
terase inhibition levels suggest that this reduction is
negligible.

These data were obtained in a relatively quiet, con-
trolled laboratory milieu, free from competing demands
for attention, decisions, and responses as found in a hot,
noisy, and dusty cockpit. However, the few changes in
visual performance we found were minimal and should
not significantly change with the added stressors en-
countered during flight. We conclude that ingestion of
pyridostigmine bromide will not adversely affect an avi-
ator’s visual ability. However, it should be noted that
our data were obtained from subjects ingesting PB for
only 3 d and the highest blood cholinesterase inhibition
achieved was 35%. While not expected, the visual ef-
fects could be different with higher inhibition levels or
longer ingestion periods.

Aviation, Space, and Environmenial Medicine » December, 1992

ACKNOWLEDGMENTS

The views expressed in this article are those of the authors and do
not reflect the official policy or position of the Department of the
Army, Depaniment of Defense. nor the U.S. Government.

Volunteer subjects were recruited, evaluated, and employed in ac-
cordance with the procedures and requirements delineated in U.S.
Army Medical Research and Development Command Regulation 70-
25, **Use of Human Subjects in Research, Development, Testing, and
Evaluation.”” These directives are based on protocol review by the
institutional human use committee and voluntary informed consent.
The requirements meet or exceed provisions of prevailing national
and international guidelines.

REFERENCES -

1. Aquilonius SM, Eckernas SA. Hartvig P, Lindstrom B, Osterman
PO. Pharmacokinetics and oral bioavailability of pyridostig-
mine in man. Eur. J. Clin. Pharmacol. 1980; 18:423-8.

2. Bailey IL. Lovie JE. New design principles for visual acuity letter
charts. Am. J. Optom. Physiol. Opt. 1976; 53:740-5.

3. Boll PA, Whinnery JE, Forster EM, Parker FR, Barber JA. Per-
formance effects of pyridostigmine bromide during and after
acceleration stress. In: Proceedings of the 1989 Medical Defense
Bioscience Review, Aberdeen Proving Ground, MD, 1989:827-9.

4. Borland RG, Brenna DH, Nicholson AN, Smith PA. Studies of
the possible central and peripheral effects in man of a cholines-
terase inhibitor (pyridostigmine). Hum. Toxicol. 1985; 4:293-300.

$. Chin NB, Breinin GM. Ratio of accommodative convergence to
accommodation. Arch. Ophthalmol. 1967, 77:752-6.

6. DeBruyn EJ. Gajewski YA, Bonds AB. Anticholinesterase agents
affect contrast gain of the cat cortical visual evoked potential.
Neurosci. Lett. 1986: 71:311-6.

7. Dellinger JA. Schifiett SG, Takamoto N. Pyridostigmine bromide
effects on heart rate and vagal tone in aircrew. In: Proceedings
of the 1989 Medical Defense Bioscience Review, Aberdeen
Proving Ground, MD, 1989:835-40.

8. Ellman GL. Courtney KD, Andres V Jr., Featherstone RM. A
new and rapid colorimetric determination of acetylcholinester-
ase activity. Biochem. Pharmacol. 1961; 7:88-95.

9. Fincham EF. The proportion of ciliary muscie force required for
accommodation. J. Physiol. 1955; 128:99-112.

"10. Gawron VJ. Schiftett SG. Miller JC, Slater T, Ball JF. Effects of

pyridostigmine bromide on in-flight aircrew performance.
Hum. Factors 1990; 32:79-94.

11. Graham C. Cook MR. Effects of pyridostigmine on psychomotor
and visual performance. Wright-Patterson AFB, OH: USAF Aero-
space Medical Research Laboratory, 1984; AFOSR-TR-88-0462.

12. Harriman AE. Hubbard DC. Brooks RB, Woodruff RR. Effects
of pyridostigmine bromide on A-10 pilots during execution of a
simulated mission: physiology. San Antonio. TX: Air Force
Human Resources Lab. 1990; AFHRL-TR-89-24.

13. Heath GG. The influence of visual acuity on the accommodative
responses of the eye. Am. J. Optom. Arch. Am. Acad. Optom.
1956; 33:512-24.

14. Kay CD. Morison JD. The effects of ingestion of 60 mg pyridostigmine
bromide on human visual function. Hum. Toxicol. 1988: 7:347-52.

15. Kirby AW, Townsend AT. The effect of pyridostigmine and phy-
sostigmine on the neural portion of the visual system. Fort
Rucker. AL: U.S. Army Aeromedical Research Laboratory.
1990: USAARL.-90-4.

16. Kolka MA. Stephenson LA. Human temperature regulation dur-
ing exercise after oral pyridostigmine administration. Aviat.
Space Environ. Med. 1990; 61:220-224.

17. Kotulak JC. Schor CM. The effects of optical vergence. contrast,
and luminance on the accommodative response to spatially
bandpass filtered targets. Vision Res. 1987; 27:1797-806.

8. Loewenfeld 1E. The iris as pharmacologic indicator. Arch. Oph-
thaimol. 1963; 70:42-8.

19. Pelli DG. Robson JG. Wilkins AJ. The design of a new letter chart
for measuring contrast sensitivity. Clin. Vis. Sci. 1988; 2:187-99.

20. Taylor P. Anticholinesterase agents. In: Gilmann AG, Rall TW,
Nies AS. Taylor P, eds. Goodman and Gilman's the pharma-
cological basis of therapeutics, 8th ed. New York: Pergamon
Press, 1990:131-49.

21. Wenger CB, Latzka WA Effects of pyridostigmine pretreatment
on physiological response to heat, exercise, and hypohydra-
tion. In: Proceedings of the 1989 Medical Defense Bioscience
Review. Aberdeen Proving Ground, MD, 1989:841—4.

1059




Initial distribution

Commander, U.S. Army Natick Research,
Development and Engineering Center

ATTN: SATNC-MIL (Documents
Librarian)

Natick, MA 01760-5040

U.S. Army Communications-Electronics
Command

ATTN: AMSEL-RD-ESA-D

Fort Monmouth, NJ 07703

Commander

10th Medical Laboratory
ATTN: Audiologist
APO New York 09180

Naval Air Development Center
Technical Information Division
Technical Support Detachment
Wa. .ainster, PA 18974

Commanding Officer, Naval Medical

Research and Development Command
National Naval Medical Center
Bethesda, MD 20814-5044

Deputy Director, Defense Research
and Engineering
ATTN: Military Assistant
for Medical and Life Sciences
Washington, DC 20301-3080

Commander, U.S. Army Research
Institute of Environmental Medicine
Natick, MA 01760

Library

Naval Submarine Medical Research Lab
Box 900, Naval Sub Base

Groton, CT 06349-5900

Director, U.S. Army Human
Engineering Laboratory

ATTN: Technical Library

Aberdeen Proving Ground, MD 21005

Commander

Man-Machine Integration System
Code 602

Naval Air Development Center
Warminster, PA 18974

Commander

Naval Air Development Center
ATTN: Code 602-B (Mr. Brindle)
Warminster, PA 18974

Commanding Officer
Armstrong Laboratory
Wright-Patterson

Air Force Base, OH 45433-6573

Director

Army Audiology and Speech Center
Walter Reed Army Medical Center
Washington, DC 20307-5001

Commander/Director

U.S. Army Combat Surveillance
and Target Acquisition Lab

ATTIN: DELCS-D

Fort Monmouth, NJ 07703-5304

Commander, U.S. Army Institute

of Dental Research
ATTN: Jean A. Setterstrom, Ph. D.
Walter Reed Army Medical Center
Washington, DC 20307-5300




Commander, U.S. Army Test
and Evaluatior C‘ommand
ATTN: AMSTF AD-H
Aberdeen Proving Ground, MD 21005

Naval Air Systems Command
Technical Air Library 950D
Room 278, Jefferson Plaza Il
Department of the Navy
Washington, DC 20361

Director
U.S. Army Ballistic
Research Laboratory
ATTN: DRXBR-OD-ST Tech Reports
Aberdeen Proving Ground, MD 21005

Commander

U.S. Army Medical Research
Institute of Chemical Defense

ATTN: SGRD-UV-AO

Aberdeen Proving Ground,

MD 21010-5425

Commander, U.S. Army Medical
Research and Development Command

ATTN: SGRD-RMS (Ms. Madigan)

Fort Detrick, Frederick, MD 21702-5012

Director
Walter Reec /Aomy Institute of Research
Washington, DC 20307-5100

HQ DA (DASG-PSP-O)
5109 Leesburg Pike
Falls Church, VA 22041-3258

Harry Diamond Laboratories

ATTN: Technical Information Branch
2800 Powder Mill Road

Adelphi, MD 20783-1197

U.S. Army Materiel Systems
Analysis Agency
ATTN: AMXSY-PA (Reports Processing)
Aberdeen Proving Ground
MD 21005-5071

U.S. Army Ordnance Center

and School Library
Simpson Hall, Building 3071
Aberdeen Proving Ground, MD 21005

U.S. Army Environmental
Hygiene Agency
Building E2100
Aberdeen Proving Ground, MD 21010

Technical Library Chemical Research

and Development Center
Aberdeen Proving Ground, MD
21010--5423

Commander

U.S. Army Medical Research
Institute of Infectious Disease

SGRD-UIZ-C

Fort Detrick, Frederick, MD 21702

Director, Biological
Sciences Division
Office of Naval Research
600 North Quincy Street
Arlington, VA 22217

Commander

U.S. Army Materiel Command
ATTN: AMCDE-XS

5001 Eisenhower Avenue
Alexandria, VA 22333

Commandant
U.S. Army Aviation

Logistics School ATTN: ATSQ-TDN
Fort Eustis, VA 23604




Headquarters (ATMD)
U.S. Army Training

and Doctrine Command
ATTN: ATBO-M
Fort Monroe, VA 23651

Structures Laboratory Library
USARTL-AVSCOM

NASA Langley Research Center
Mail Stop 266

Hampton, VA 23665

Naval Aerospace Medical
Institute Library

Building 1953, Code O3L

Pensacola, FL 32508-5600

Command Surgeon

HQ USCENTCOM (CCSG)

U.S. Central Command

MacDill Air Force Base, FL 33608

Air University Library
(AUL/LSE)
Maxwell Air Force Base, AL 36112

U.S. Air Force Institute

of Technology (AFIT/LDEE)
Building 640, Area B
Wright-Patterson
Air Force Base, OH 45433

Henry L. Taylor

Director, Institute of Aviation
University of Illinois-Willard Airport
Savoy, IL 61874

Chief, National Guard Bureau
ATTN: NGB-ARS (COL Urbauer)
Room 410, Park Center 4

4501 Ford Avenue

Alexandria, VA 22302-1451

Commander

U.S. Army Aviation Systems Command
ATTN: SGRD-UAX-AL

4300 Goodfellow Blvd., Building 105
St. Louis, MO 63120

U.S. Army Aviation Systems Command
Library and Information Center Branch

ATTN: AMSAV-DIL

4300 Goodfellow Boulevard

St. Louis, MO 63120

Federal Aviation Administration
Civil Aeromedical Institute
Library AAM-400A

P.O. Box 25082

Oklahoma City, OK 73125

Commanauer
U.S. Army Academy
of Health Sciences
ATTN: Library
Fort Sam Houston, TX 78234

Commander

U.S. Army Institute of Surgical Research
ATTN: SGRD-USM (Jan Duke)

Fort Sam Houston, TX 78234-6200

AAMRL/HEX
Wright-Patterson
Air Force Base, OH 45433

John A. Dellinger

Southwest Research Institute
P. 0. Box 28510

San Antonio, TX 78284

Product Manager

Aviation Life Support Equipment
ATTN: AMCPM-ALSE

4300 Goodfellow Boulevard

St. Louis, MO 63120-1798




Commander

U.S. Army Aviation
Systems Command

ATTN: AMSAV-ED

4300 Goodfellow Boulevard

St. Louis, MO 63120

Commanding Officer

Naval Biodynamics Laboratory
P.O. Box 24907

New Orleans, LA 70189-0407

Assistant Commandant

U.S. Army Field Artillery School
ATTN: Morris Swott Technical Library
Fort Sill, OK 73503-0312

Mr. Peter Seib

Human Engineering Crew Station
Box 266

Westland Helicopters Limited
Yeovil, Somerset BA20 2YB UK

U.S. Army Dugway Proving Ground
Technical Library, Building 5330
Dugway, UT 84022

U.S. Army Yuma Proving Ground
Technical Library
Yuma, AZ 85364

AFFTC Technical Library
6510 TW/TSTL

Edwards Air Force Base,
CA 93523-5000

Commander

Code 3431

Naval Weapons Center
China Lake, CA 93555

10

Aeromechanics Laboratory

U.S. Army Research and Technical Labs
Ames Research Center, M/S 215-1
Moffett Field, CA 94035

Sixth U.S. Army
ATTN: SMA
Presidio of San Francisco, CA 94129

Commander
U.S. Army Aeromedical Center
Fort Rucker, AL 36362

Strughold Aeromedical Library
Document Service Section

2511 Kennedy Circle

Brooks Air Force Base, TX 78235-5122

Dr. Diane Damos

Department of Human Factors
ISSM, USC

Los Angeles, CA 90089-0021

U.S. Army White Sands
Missile Range
ATTN: STEWS-IM-ST
White Sands Missile Range, NM 88002

U.S. Army Aviation Engineering

Flight Activity
ATTN: SAVTE-M (Tech Lib) Stop 217
Edwards Air Force Base, CA 93523-5000

Ms. Sandra G. Hart
Ames Research Center
MS 262-3

Moffett Field, CA 94035

Commander, Letterman Army Institute
of Research

ATTN: Medical Research Library

Presidio of San Francisco, CA 94129




Commander

U.S. Army Medical Materiel
Development Activity

Fort Detrick, Frederick, MD 21702-5009

Commander

U.S. Army Health Services Command
ATTN: HSOP-SO

Fort Sam Houston, TX 78234-6000

U. S. Army Research Institute
Aviation R&D Activity
ATTN: PERI-IR

Fort Rucker, AL 36362

Commander
U.S. Army Safety Center
Fort Rucker, AL 36362

U.S. Ammy Aircraft Development
Test Activity

ATTN: STEBG-MP-P

Cairns Army Air Field

Fort Rucker, AL 36362

Commander, U.S. Army Medical Research
and Development Command

ATTN: SGRD-PLC (COL Schnakenberg)

Fort Detrick, Frederick, MD 21702

MAJ John Wilson

TRADOC Aviation LO
Embassy of the United States
APO New York 09777

Netherlands Army Liaison Office
Building 602

Fort Rucker, AL 36362

British Army Liaison Office

Building 602
Fort Rucker, AL 36362

11

Italian Army Liaison Office
Building 602
Fort Rucker, AL 36362

Directorate of Training Development
Building 502
Fort Rucker, AL 36362

Chief

USAHEL/USAAVNC Field Office
P. O. Box 716

Fort Rucker, AL 36362-5349

Commander, U.S. Army Aviation Center
and Fort Rucker

ATTIN: ATZQ-CG

Fort Rucker, AL 36362

Chief

Test & Evaluation Coordinating Board
Cairns Army Air Field

Fort Rucker, AL 36362

MAJ Terry Newman
Canadian Army Liaison Office
Building 602

Fort Rucker, AL 36362

German Army Liaison Office
Building 602
Fort Rucker, AL 36362

LTC Patrice Cottebrune
French Army Liaison Office
USAAVNC (Building 602)
Fort Rucker, AL 36362-5021 |

Australian Army Liaison Office
Building 602
Fort Rucker, AL 36362




Dr. Garrison Rapmund
6 Burning Tree Court
Bethesda, MD 20817

Commandant, Royal Air Force
Institute of Aviation Medicine
Farnborough, Hampshire GU14 6SZ UK

Commander

U.S. Army Biomedical Research
and Development Laboratory

ATTN: SGRD-UBZ-1

Fort Detrick, Frederick, MD 21702

Defense Technical Information
Cameron Station, Building 5
Alexandra, VA 22304-6145

Commander, U.S. Army Foreign Science
and Technology Center

AIFRTA (Davis)

220 7th Street, NE

Charlottesville, VA 22901-5396

Director,

Applied Technology Laboratory
USARTL-AVSCOM

ATTN: Library, Building 401
Fort Eustis, VA 23604

Commander, U.S. Air Force
Development Test Center

101 West D Avenue, Suite 117

Eglin Air Force Base, FL 32542-5495

Aviation Medicine Clinic
TMC #22, SAAF
Fort Bragg, NC 28305

Dr. H. Dix Christensen

Bio-Medical Science Building, Room 753
Post Office Box 26901

Oklahoma City, OK 73190

12

Commander, U.S. Army Missile
Command
Redstone Scientific Information Center
ATTN: AMSMI-RD-CS-R
/ILL Documents
Redstone Arsenal, AL 35898

Director
Army Personnel Research Establishment
Farnborough, Hants GU14 6SZ UK

U.S. Army Research and Technology

Laboratories (AVSCOM)
Propulsion Laboratory MS 302-2
NASA Lewis Research Center
Cleveland, OH 44135

COL John F. Glenn
U.S. Army Medical Research
& Development Command
SGRD-ZC
Fort Detrick, Frederick, MD 21702-5012

Dr. Eugene S. Channing
7985 Schooner Court
Frederick, MD 21701-3273

USAMRDC Liaison at Academy
of Health Sciences

ATTN: HSHA-ZAC-F

Fort Sam Houston, TX 78234

Dr. A. Kornfield, President
Biosearch Company

3016 Revere Road

Drexel Hill, PA 29026

NVEOD
AMSEL-RD-ASID
(Attn: Trang Bui)

Fort Belvior, VA 22060




CA Av Med

HQ DAAC

Middle Wallop

Stockbridge, Hants S020 8DY UK

Commander and Director
USAE Waterways Experiment Station
ATTN: CEWES-IM-MI-R
Alfrieda S. Clark, CD Dept.
3909 Halls Ferry Road
Vicksburg, MS 39180-6199

Brazilian Army Liaison Office
" Building 602
Fort Rucker, AL 36362

13

Dr. Christine Schlichting
Behavioral Sciences Department
Box 900, NAVUBASE NLON
Groton, CT 06349-5900

COL C. Fred Tyner
U.S. Army Medical Research
& Development Command
SGRD-ZB
Fort Detrick, Frederick, MD 21702-5012

Director

Directorate of Combat Developments
ATZQ-CD

Building 515

Fort Rucker, AL 36362




