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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
5183 BLACKHAWK ROAD

ABERDEEN PROVING GROUND MD 21010-5424
REPLY TO
ATTENTION OF:

August 26, 2009

Office of the Chief Counsel

Mr. John Greenewald, Jr.

Dear Mr. Greenewald:

This is the final response to your FOIA request dated June 18, 2009 and assigned
RDECOM FOIA #FA-09-0036 where you sought copies of the following records:

a. “Long Term Followup of Medical VVolunteers”, Accession Number AD-519540, dated
March 1972 (enclosed).

b. “Physiological Action of BZ on Men Subjected to High Temperatures and Exercise”,
Accession Number AD-347911, dated February 1964 (enclosed).

c. “The Search for Toxic Chemical Agents”, Accession Number AD-507852, dated
November 1969 (exempt from release).

The redacted records were subject to FOIA exemptions (b)(3) and (b)(6).

a. FOIA exemption (b)(3) covers matters that a statute specifically exempts from
disclosure. Specifically, “The Search for Toxic Chemical Agents” contains data on hundreds of
compounds that could be used as potential chemical agents. Therefore, “The Search for Toxic
Chemical Agents” is exempt from release, in accordance with 10 U.S.C. § 130, which protects
the release of technical data that could be used in a military setting and is subject to the Arms
Export Control Act.

b. FOIA Exemption (b)(6) along with a Department of Defense policy allows for the
withholding of government employee names, email addresses, and other personal information.

If you consider this response to be an adverse action, you may administratively appeal, in
writing, to the Secretary of the Army. However, prior to appealing directly to the Secretary of
the Army, the Initial Denial Authority, (Mr. Patrick R. Sheldon), must review the appeal.
Therefore, any such appeal should be addressed to this office. We will review your appeal and
forward your appeal to the Army Office of General Counsel, the designated Army Freedom of
Information Act appellate authority.
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Additionally, if you choose to appeal, the appeal must be received by the appellant
authority (Army General Counsel), no later than 60 days following receipt of this letter. Please
send correspondence to the following address:

Brian A. May
RDECOM, ATTN AMSRD-CCF
5183 Blackhawk Road, E4435
Aberdeen Proving Ground, MD 21010-5424

Should you have any questions or concerns regarding your request I can be reached at (410)

436-2289 or brian.may3@us.army.mil

Sincerely,

/ISIGNED - BAM//
Brian A. May
FOIA Officer, HQ RDECOM

Enclosure
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(C) DIGEST
Fourteen Medical Rescarch Ditv sion Volunteers were given BZ 1n

2 4 or 5-pg/kg oral dose and exercised for 6 hr in various enviroaments, from
85° to 1150F. Incapacitation occurred in 5 of the 14 men. Four men were unable
to complete the walking or running exercises and exhibited ataxia, general
weakness, tachycardia, and elevated body temperature. One ruan was remcved
from the test situation because of an elevated rectal temperature,

In the average case, BZ reduced sweating by approximately 30% of
control levels from the end of the second hour to the end of the aixth hour of
testing. The reduction ranged from 45% to 0%. Average skin temperatures
after BZ were 2° to 3°F higher than control values; average body temperatures
rose 0.5° to 0. 7°F above control values. Six hours after BZ, one man had a
rectal temperature above 103°F, three men above 102°F, and two above 101°F.
The four men who did not finish the 6. hr test also exhibited overheating. BZ
increased heart rate: during wallung by 20%,

The following conclusions were reached:

The effects of exercise and "cat do not seem to potentiate the cen-
tral-nervous-system effects of BZ in an oral dose of § 1g/kg. Additional in-
capacitation from heat exhaustion can be expected, however, in about one-fiith
of the individuals receiving this dose when exercise is performed in hot envi-
ronments, Even at 85°F some heat casualties may occur. In resting men,
heat regulation 18 maintained for at least 6 hr in the environments tested.

The parasympatholytic effects of the oral dose of BZ are similar
to and slightly less in sevenity than those of a 2-mg intramuscular dose of
atropine tartrate, but they persist for a much longer time.
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(C) PHYSIOLOGICAL ACTION OF BZ ON MEN SUBJECTED TO HIGH
"TEMPERATURES AND EXERCISE (U)

L {(C) INTRODUCTION.

{o4] The purpose of this experiment was to determine the physiological
action of BZ (EA 2277) on men subjected to the stresses of high environmental
temperature and exercise. This is a functional approach to drug action and
represents an intermediate research stage between clinical testing and field
application of an agent.

(v Similar studies were done with atropine by Cra.igl and Robinson. 2
Atropine and BZ are parasympatholytic in effect. Atropine and related com -
pounds, at appropriate doses, accelerate the heart and decrease sweating at
high environmental temperatures. As the result of decreased sweat production
in the heat, body temperature rises. In field tests at a dry-bulb temperature
of 83°F, 2-mg doses of atropine could incapacitate working men by heat ex-
haustinn after 2 hr.

(C) The report of the original tests> with EA 2277 describes the psy-
chotropic effects and general symptoms related to dose. The psychological and
clinical effects* and the effect on skilled performance in simulated flight> have
been investigated intensively. Tachycardia and depression of the T-wave of
the ECG's of humans3 and dogs® caused by this drug were reported earlier,
The pnysiological effect upon exercising dogs haus also been described.

(C) Because of safety requirements in the use of a new cor'pound in a
new situation, the doses of BZ were limited to 4 or 5 pg/kg orally.

. (C) METHODS AND MATERIALS.

A. (U) Subjscts.

All humans used in these tests were selected from Medical Research
Division volunteers. These men, except subjecti(b’(e’ | were selected by the
same set of physical and psychological standards (table 1, appendix). They
were required to be in good physical and mental condition and free from any
abnormalities, They were a carefully selected group and not a random sample.
The phv=ical rhrracteristics of this group are shown in taole 2, sppendix. The
decision un the suitability of personnel w: - made by the medical stalf of the
Human Investigations Facility.

—CONFIDENTIAL—
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The envaironments within which the subjects exercised are givea in
table 3, appendix, and were selected to produce varying degrees of heat stross.
The men wore only shorts in all but one test, whr 1 they wore the fatigue uni-
form (undershorts, T shirt, fatigue shirt and tru.sers, socks, and combat boots),
Air movement was minimal, 7The rclation between air and wall tempsraiures
for this room has been described. -

B. (U) Exercise Schedule.

The oxezcise was distributed over 6 hr in three repetitive cycles,
each cycle lasting 2 hr. A complete cycle progressed as shown in table 4, ap-
pendix.

To alleviate boredom, a radio was played for the men and they were
allowed to read. They ate lunch between 12:00 and 1:00 during « resting phase
of a cycle, usually at the beginning of cycle 2.

c. (U) Measurements.

Sweating rate was estimated from loss of body weight. Body weight
was measured on a platform balance (Buffalo) of over 200-kg capacity and sen-
sitive to £5 gm. Heart rates were recorded continuously during the be ng
of exercise and every 5 min thereafter. Blevins salt-bridge electrodes’ were
used to obtain the ECG signul for estimating the heart rars, which was recorded
through a Sanborn ECG amplifier. Thermocouples fastened by elastic webbing
over the chest, back, hips, and thigh sensed skin temperatures, which were re-
corded on a Leeds k Northrop Spesdomax recorder. Rectal temperature,
measured by a thermocouple inserted 7 cm into the rectum, was recorded be-
side the sk teniperatures. Average body temperature was calculated by
weighting rectal temperature doubly and averaging this with the average skin
temperature.

Standard ECG leads were emploved on the men while they were
restiag after exercise at hourly intervals, During exercise, ¢nd-tidal carbon
dioxide was measured at 5-min intervals using a continually sampling Liston-
Becker carbon dioxide meter, the output of which was recorded by a Sanborn
galvanometer.

D. {i{} Administration of BZ.
(C) BZ was obtair~d in hydrochloride form from (b)(6)

*nes: laboratories. The origina)l commercial sample was used ir all tests
ex’€pt the last one, in which analytical sample 1210 was nsed. Samples,

» SRR
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1 mg, were weighed on a torsion balance and diluted to 100 ml with distilled
water, giving a concentration of 10 pg/ml. DMlutions were made 2 hr before the
tests to ensure complete solution. Individus' Joses of 4 or 5 pg/kg of body
weight wers: measured from this solution, diluted to 250 ml with water, and
administered orally.

(C) T vo snalyses of the stock solutions were made by the Physiological
Chemistrv Branch to check concentrations. These analyscs yielded concentra.
tions of 9.8 and 10.1 pug/ml, confirming the original estimates.

(U) The agent was given at zero time of the first tast cycie (table 4, ap-
pendixj. Men were instructed to fast before the test, but there was no direct

control over this,

E. (U) Tests With Atropine.

To compare the effect of atropine with that of BZ, two men were
given 2 mg of atropine tartrate intramuscularly. They then completed tha three
exercise cycles in a 100°F environment.

F. (U) Medical Care.
A Medical Officer was present while the tests were being conducted.
The men were examined during the control and experimental periods. After the
test the men were returned to the Human Investigations Facility, where their
recovery was aupervised.
m. (C) RESULTS.

A, {C) General Responses of Subjects.

Responses to the 5-pg/kg dose of BZ varied widely, ranging from
'ittle effect to hallucinationa and inability to stand. Most subjects were ataxic
and held onto the railing of the treadmill with one hand while walking; they were
instructed to use both hands while running. Dryness of the mouth and a tired
feeling in the limbs were the first subjective symptoms noticed by the wubjects.
These symptoms appeared in some men about 90 min after oral drug adminie-
tration :nd we-e¢ present to some degree in all subjects at 3 hr. In the hot
environment, the face, shoulders, and a..2s of most sukjects appeazed red
and flushed., This was sssociated with the measured reduciion in sweating.
Some men had slightly swullen hands, but this was also occasionally found
during conirol experiments in the heat.

-CONFIDENTIAL—
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The general reaction in 11 of the 14 mun receiving BZ 1n the 4- to
5-pg/ kg dose was fatigue, involving a lack of motivation. They did not wish
to exerciae and preferved to lie with closed eyes ru the cot provided. Their
movements appeared slower, . nd they were unst- dy while standing. Two
men (b)(6) . showed subjective recovery from these symptoms aft.r
5 min of the waiking schedule and claimed they felt better when exerc’sing
than when sitting or lying. After the walk they sat; the feeling of lassitude re-
turned after about 5 min.

(b)(6)

Two men, | who were most severely affected de-
veloped uncontrollable movements of the limbs during the third hour, Inter-
mittently, while they were lying down, their legs and arms would flex or extend
in a rapid, jesky fashion, and they would change their position frequently.

The ECG's of two men, (?©® ,» showed T-wavs depres-
sion and, later, T-wave invarsion (figure 1), attributed to the drug. T-wave
flatterung developed during the fourth hour after drug ingestion, and clinically
indicates cardiac ischemia. Atropine, however, has been shown to increase
coronary blood flow.® This T-wave flattening may be a result of change in
heart posation, ? or it may be related to an irritation of the pericardial mem-
branes. A more detailed analysis of the ECG records of all the men will be
the subject of a later report.

Subject {b)@ |waa hyperventilating in the hot room while under the
influence of heat and BZ. This hyperventilation disappeared after he was re-
moved from the room and had rested. Equipment was not set up at the time to
measure respiratory parameters, but his respiratory rate was counted,
Hyperventilation developed during the last 5 min of the 3-mph walking period.
After 30 min of rest, his respiratory rate was extremely variable, ranging
from 33 to 12 breaths/min 20 min later and thea rising to 28 breaths/min
5 min later,

Subject (0)(6) ' also began to hyperventilate during the Jast 5 min
of walking. He showed a lowering ir end-tidal carbon dioxide and an increase
in minute volume,
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FIGURE 1

ELECTROCARDIOGRAMS OF SUBJECT C. B, AT VARIOUS
TIMES AFTER INGESTION OF BZ (U)

Leads were selected that illustrated most marked change in record after
BZ. Precordial leads V4, V5, and VG illustrate T-wave depression + and
5 hr after BZ ingestion ihat was nol present in pustexercise control record.
Porutexercise control record was taken at 4 hr and 45 min of test and 3 min
after 9-mph run. Temperature of test chamber was 100°F,
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Incapacitation, defined as inability to continue physical work,
occurred in 7 of the 14 subjects and was atiributed to several conditions,
One man exhibited a bradykinesia of the lower exiremities when attempting
to run at 9 mph, and therefore was unable to run. ‘'hree men reached the
point where they were unable to walk or run because of ataxia and general
weakness, associated with a tachycardia and elevated body temperature. One
man did not have. difficulty with the work but was taken out of the hot room at
5 hr and 40 min because of an elevated rectal temperature. For two men,
(b)(6) 'there was an interval between onset of the first symptoms
and incapacitation, whereas ()6 showed a rapid deterioration,
becoming incapacitated almost simuitaneously with the appearance of symptoms.

Th: ballucinations of (D)) | lasted for 3 days, He began to lose
contact with reality after about 6 hr and believed he was directing a field
problem until his recovery 3 days later. Subject®® had mild auditory
hallucinations at 5 hr. He thought he heard voices whisperiag, but had the
capacity to realize that this could not be so. He also showed some disorgan-
ization in cnewering simple questions such as, '"How are you?'" The next day
his I. Q. score was in the 60 to 70 group, whereas his pretest scoros were
well above average. He suffered some loss of memory but otherwise appeared
normal physically and was able to engage in normal conversation.

The preceding material is summarized in table 5, appencix.

B. (C) [Effect on Sweating,

Figure 2 illustrates the reduction in sweating as measured by
hourly weight loss in the different environments. The hourly variation rep-
resents the hourly differences in physical activity, according to the test
nchedule (table 4, appendix). High sweating rates were observed in the
3-mph walk because of the long duration of exercise. Tabular data for weight
loss during walking are shown in table 6, appendix, and for the rest-run ses-
sion in table 7, appendix.

The highest sweat rates were obtained in the 115°F heat and the
lowest at 85°F. Men with clothes aweated more at 100°F than those without,
As cun be seen from fagure 2, the percent reduction in sweating is fairly
constant for all environments and averages about 35% oi the control values.
There appears to be a r=duction in sweat rate even during the first hour
after ingestion vi BZ. It seems 1mprobable tha' BZ ie exerting this effect,
because one would not expect such rapid absorption from the gut and because
heart rate does nol become affected untii 1-1/2 hr after ingestion.

~CONPIDENT AL
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C. (C) Effect on Heart Rate.

(C) The eifect of BZ on heart rate during tF - walking exercise is shown
in table 8, appendix. A tachycardia is apparent ir. of 14 subjects after 2 to
2-1/2 hr; a shght increase in heart rat~ may appear after only 1-1/2 hr. This
tachycardia appeared when at rest, when standing, and when wallang. The
effect of heat on heart rate may be noticed in the control series; the rising
values with time are associated with a rise in body temperature.

(u) Heart rates obtained at the end of the 1-min 9-mph run are shown
in table 9, appen(’x. These results for BZ are very similar to the control
values. The rates are not maximum nor steady-state rates, which would have
been obtained it the heavy exercise had been carried on for longer periods of
time.

D. (C) Effect on Body Temperature,

The rise in rectal temperature that developed while subjects were
walking at 3 mph is shown in table 10, appendix. At 100°F with clothing the
additional heat storage is particularly apparent. After the men completed
the walks and while they rested, regulation of body temperature seemed to be-
come relatively efficient. Rectal temperature did not rise during resting and
frequently dropped. The temperatures of those subjects who were very mildly
affected by the drug remained much like their control values. Other subjezts,
who were more severely affected, exhibited rectal temperatures ahm:c 1039F,

The effect on mean body temperature, which is a weighted average
of rectal and skin temperatures, is shown in table 11, sppendix. After BZ,
there was an increase in budy temperuture, most apparent ‘n the two men at
115°F. As with atropine, there is a rise in the skin temperature (table 12,
appendix). The increase in heat storage is most apparent in body temperature
wher one compares temperatares during the third cycle of the contro. ans
experimental tests, In each case, the temperature rise is greater a‘eer BZ,
At 85°F, the control and drug values for skin temperature do not diffor rauch

except for nubject (b)(6)

E. (C) Effect on Blcod Pressure.

(C) No vsleaalic measurements of blood pressure were tiker,
however, the Medical Officer did record blood piessure in subjects (0)(6)

and (P)6) 'and noted a postural hypotension. While the men were sitting, the
rystolic pressure was in the 115- to 120-mm-Hg range. When they stood up,

CONPIDENTIRE
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the systolic pressure dropped to the 90- to 100-mm-Hg range, but after ap-
proximately 2 min returned to the 115- to 120-mm-Hg range.

v The blood pressures of two sul; :ts given atropine injections in
100°F heat were also taken. In ane of these men, postural hypotension ot the
same magnitude as above (which lasted for 1 min after he stood up) was also
noted.

F. (U)  Tests With Atropine,

For comparison with the BZ series, two men were given 2 mg of
atropine intramusculary and performed the exercise cycles in a 100°F envi-
ronment. Two other men were given the same amount of atropine in a 65°F
environment. Atropinc reduced sweating to 60% to 50% of the control levels
during the first hour (table 13, appendix). This effect began to disappear
during the second hour and was almost gone by the third hour, as indicated
by the experimental-to-control ratios,

Atropine czused a rapid rise in rectal temperature during the firat
hour, which resulted from the reduction in sweat rate. At the end of the third
hour, rectal temperature: were roughly comparable with those of the controls
and had decreased fror . levels reached at the end of the first hour.

Acceleratiun of the heart rate produced by atropine was most ap-
parent during the secord and third hours and began to diminish during the
fourth hour of the test table 14, appendix). Heart rates during the fifth hour
were similar to the control values,

Examination of the heart rate at the beginning of exercise in the
heat and after atropine showed that the heart may slow down for approximately
30 sec when exercise is started. This held true only when the standing heart
rates were elevated by atropine or heat., In one man, the rate slowed by
40 bpm and returned to the standing level after 35 sec. In other subjects, this
cffect was not so pronounced. Details of these tests have been published
elsewhere, 10

Iv. (C) DISCUSSION.
In-apacitation is the main tactical objectave of the.use of RZ. Some

parasympatholytic compounds, such as a..cpine, can preduce incapacitation in
warm envircnments by interfering with heat regulation, others, such as Artane,

—CONMIDENTIAL™
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may incapacitate by inducing mentul confusion. 2 Potentially, BZ can incapac-
itate by both methods, but the usval concept of use emphasizes the disorgan-
ization of normal central-nervous-system controls,

In these tests, incapacitation for physical work was most apparert
in men exercising in the 100°F environment. Three of these four men ex-
hibited central-nervous-system effocts of dizziness and ataxia, and the ECG 's
of two of the four men showed evidence of coronary disturbance; i.e., T-wave
{flattening. Three of these men, had they continued, would have become over-
heated. Contrasted to these reactions, the 10 men exercising in other environ-
ments showed much milder symptoms. Since the men performed fairly well
in other cnvironments that included conditions more stressful (clothing, 115°F)
than an ambient Lamperature of 100°F, it appears that heat and work in them-
selves do not enhance the effects of BZ on the central nervous system. Lack
of adaptation to heat may be a factor in the marked effect of BZ found at the
100°F temperature, because the subjects for these tests were acclimatised
to wintery temperatires when the tests were performed (October to April).

One man of the group was aiypical in that he was older than the others (42 yr)
and did not receive an EEG. His hallucination was the most severe one ex-
pericnced by any of the subjects.

The men in the 115°F environment received only 4 ug/kg of BZ,
because at the ime of these experaments orders restricting the dosage to this
level were in effect. Even at this dose, however, one man was severely af.
fected by the heat. it appears from this case and the others that BZ can
produce casualties in hot environments by its effects on sweating, even though
it may not produce a toxic delirium.

In the heat, the general feeling of lassitude induced by BZ may
reduce the effectiveness of individuals in performing their mission when both
physical and mental exercise are required. After 4 hr, most subjects fell
aslesp when given the opportunity and did not respond rap.lly to directions for
continuing exercise. They showed some aggression at being disturbed; this
tendency was not present in the control tests.

The time to onset of physiological signs (decreased sweating and

elevated heart rate) after the oral dose was about 2 or 3 hr. Incapacitation
because of ataxia and lassitude did not occur until 4 Lr after the oral dose.

14




Incapacitation occurred in men who maintained heat regulation;

threc men|(0)(6) ~ |stopped exercise at 100°F because of
ataxia and dizziness. Additional incapacitation occurred because of impaired
heat regulation; two men|(b)(6) during the iast honr at 100°F with

clothing and one man(b)(6) _'at 115°F stoppud walking, with symptoms as-
sociated with high rectal temperatures. Some men were potential heat cas-
ualties but were not incapacitated during the test (b)(6) at 100°F and !(b)(6) at
85°F).

There was no design in these tests for measuring a graded physi-
ological response to increased doses of BZ. The central-nervous-system
response to the drug is thought to be in the form of a plateau; i.e., the indi-
vidua! jias either mild symptoms or hallucinations, The 5-ug/kg oral dose
aprears to be the threshold for the hallucinogenic effect. In this group of 14,
2 men had hallucir=tions, The range of physiological response exhibited hy
the subjects could illustrate the possibility of a grad:d response to dose for
sweating and heart rate. Subjects receiving the 5-pg/kg dose showed a wide
range of graded physiological responses on heart rate and sweating. The
response was not an all-or-none type of response at the dose level used.

This wide range in response is typical for substances administered
orally, Most subjects fasted or consumed only coffee on the day on which BZ
was admauslered. One subject, (0)(6) was tested after he had eaten a hearty
breakfast; he exhibited no symptoms that could be attributed to BZ, which
perhaps indicates that food reduces the oral effectiveness of BZ, There ap-
peared to be no correlation between the smoking habits of personnel aud the
effect of BZ. Some individuals smoked about 1 hr before receiving BZ and
suffered only light effects.

A.  Effoct on Heart Rate.

Acceleration of the heart rate by BZ was most clearly seen n the
walking expernments. The increment in rate increased during the experimental
period to an average of 28 bpm at the end of the sixth hour at 85°F and 10 an
average of 27 bpm at the end of the fourth hour at 100°F.

The results with atropine are¢ not strictly comparable sii.e atro-

pine was injected intramuscularly and BZ was given orally, At 100°F the
increments canred by atropine during walking averaged 45, 21, and ' hpm,
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respectively, at the end of the second, fourth, and sixth hours. Ina previous
study on three men, an intramuscular dose of 2 mg of atropine produced an
averags increment of about 37 bpm while resting and walkirg at environmeatal
temperatures of 70° and 85°F over a 2-hr period  Progressively larger
increments in ueart rate were not produced by doses of atropine above Z m;
in a cool environment, where independent effects of body temperature on the
heart rate secondary to inhibition of sweating were avoided.2 Hence, this
dose of atropine is thought to block the vagal control of the heart completely.
The oral dose of BZ employed here appeared to produce only a partial block,

In a more detailed consideration of the atropine results, when the
heart rate in the standing position was high because of exposurs to hest or
atropine or buth, the initial acceleration of the heart in running at 9 mph was
less than that seen ordinarily.!0 BZ produced similar although less well-
defined effects.

B. Effect on Temperature Regulation.

There appears to be no chance of excess storage of heat at the
5-pg/kg dose of BZ in experimental situations whcre the subject does not per-
form heavy exercise. Some men participating in field tests with BZ may exhibit
rectal temperatures of 103°F after 2 or 3 hr i both moderate exer:ise and heat
are involved. As subject (®)(6) ghows, i. is possible to store heat under the
influence of BZ without suffering the central-nervous-system effects. It 1s
more probable that men exposed to BZ and feeling the accompanying effects
of ataxia and tiredness would stop exercising, at ieast in the early stages of
their BZ experience, before the onsel uf heat exhaustion,

In these tests, men frequently had higher initial rectal temperatures
on the control d2ys, which preceded those on which the agent was given. These
higher temperatures should result in higher firrt-hour control sweating rates,
wlhich were obsorved. Since the control experiment was sach subject's initial
experience with the test situation, apprehension may have been a cause of the
elevated rectal temperatures. Apprehension, however, was not apparent in
the heart rates. The man were supposed to fast before the experiments, but
thers was no control over this variable. An increased blood supply to the gut,
as 1n 2 man who had eaten breakfast, might aleo result in slightly clevated
rectal temperatures, but reliable information was not available eitker to sub-
stantiate or to refutc *ingé possibility.

16
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The reduction in sweating caused by the 5-pg/kg dose of BZ was
less than that caused by a total dose cf 2 mg of atropine tartrate (about
30 pg/kg). Iiproposedfield tests of BZ are sttempted, particularly in hot
environments, the agent's prolonged actio.. o reduce sweating should be con-
sidered from a safety aspect and body temperatures should be monitored.
Diminished sweating may continue for as long as pupillary dilation and ele-
vated heart rate. Men who receive higher doses of BZ than those used here
may exhibit greater reductions in the rate of sweating than any of our subjects,
These results with oral BZ may not indicate the c~rrect time course of the
physiological response if the agent is given by another route.

V. (C) CONCLUSIONS,
The following conclusions were reached;

The effects of exercise and heat do not seem to potentiate the
central-nervous-system effects of BZ in an oral dose of 5 ug/kg. Additional
incapacitation from heat exhausiion can be expected, however, in about one-fifth
of the individuals receiving this dose when exercise is performed in hot envi-
ronments. Even at 85°F some heat casualties may occur. In resting men,
heat regulation is maintained for at least 6 hr in the environments tested.

The parasympatholytic effects of the oral dose of BZ are similar

to and slightly less in severity than those of a 2-mg intramuscular dcse of
atropine tartrate, but they persist for a much longer time,
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(C) APPENDIX
TABLES ()
(u) TABLE 1

CLINICAL TESTS USED IN SELECTING SUBJECTS FOR
BZ EXPERIMENTATION

Test Standard
—_—————

Personal and medical No major illness within
history past 2 yr

Physical examination Within normal limits
Chest X-ray Within normal limits
Hematology, including Within normal limits

white-blood-cell dif-
ferential count

Urine analysis Within normal limits
Liver function Within normal limits
Electrocardiogram Within normal limits
Electroencephalogram Within normal limits
Minnesota multiphasic Within normal limits
personalily inventory (scale below 70)
Psychiatric interview Above-average standards
—CONPIDENTINE™
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(u) TABLE 2
PHYSICAL CHARACTERISTICS OF SUBJECTS
- Ethnic Physical .
Initials Age}laight Weight group |conditioning Occupation | Dates
e ——
yr | cm kg
(b)(6)
19 | 170 62 |Caucasian Fair Cook 12/:4/60
12/16/60
19 | 180 | 75 [Negro Fair  |Signal man [12/19/60C
12/21/60E
12/29/60C
20 | 167 | 60 |Caucasian| Fair |Mechanic 1/24/61
2/1/61
42 191 91 Negro Good Infantry 2/14/61
sergeant 2/16/61
25 | 183 73 ICaucasian Good Maintenance | 2/26/61
man 2/28/61
24 | 178 68 [Caucasian Good Gas handler | 3/20/61
3/22/61
18 | 176 76 |Caucasian Fair |Clerk 5/11/61
‘ 5/16/61
19 | 185 78 [Caucaman Fair Mechanic 5/18/61
5/23/61
22 | 175 75 [Caucasian Good  [Medic 6/15/61
6/20/61
20 | 180 78  [Negro Fair Teletypist 6/22/61
24 | 191 96 |Caucasian Good Truck driver| 6/27/(:
6/28/61
355178 73 Caucasian Good Paratrooper | 9/20/41
9/25/61
% First date = control tesis; sacond date - BZ test,
UNCLASSIFIED
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(u) TABLE 2 (contd)
Ethnic Physical
Initials {Age |Height | Weight group [conditioning Occupation Dates>
— — -
yr cm kg T
®O 139 | 173 | 78 |Caucasian| Fair |Medic 9/21/61
9/27/61
22| 175 69 [Caucasian Good Tank crewman |8/10/61
8/14/61
24 175 69 [Caucasian Good Clerk 8/17/61
g8/22/61
19| 175 57 |Caucasian Fair Medic 1/11/62C
- 1/17/62E
1/30/62C
21 185 89 |Caucasian Good Medic 1/18/62C
| 1/24/62E
1/29/62C

* First date = control tests; second date = BZ test.

Appendix
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() TABLE 3

CONDITIONS OF TESTS

Environment
Vapor Relative CIDthillﬂ
Dry bulb Wet buld pressure humidity
mm Hg %
100 ' 79 20 40 Shorts
100 79 20 40 Fatigue uniform
115 83 20 28 Shorts

(J) TABLE 4

SEQUENCE OF EVENTS IN EXERCISE CYCLE*

Minutes Activity
0 Weigh subject
5 Rest supine or sitting on cot
36 Stand
37 Run 9 mph on treadmill
B8 Stop run and rest
60 Weigh
67 Stand
68 Walk 3 mph on treadmill
110 Stop walk and rest )
120 End cycle resting -

* Three consecutive cycles were run on each test day.

UNCLASSIFIED
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(© TABLE 5
GENERAL CHARACTERISTICS OF fESPONSE TO EZ (U)
Subject Incapacitation Total time Symptoms exhibited
onset time
[(b)(6) A. 100°F, 5 ug/Kg of BZ
|
4 hr, 18 min 6 hr Slightly ataxic, tired, urible to run
2 hr, 16 min b hr Ataxic, dimey, tired, unable to waik
or run, hyperventilation, T-wave in-
versinn In ECG, muscle spasms
5 hr 5 hr Ataxic, dizzy, bradykinesia, tired
and weak, sleepy, T-wave inversion,
hyperventilation, unable to walk or run
4 hr 4 hr Ataxic, dizzy, bradykinesia, tiredand
sleepy, hallucinations, unable to walk
[ or run, restlessness, muscle spasma
B. 100°F, Clothed, 5 pg/Kg of BZ
5 hr, 40 min 5 hr, 40 min Mildly ataxic, tired, slazpy, high
rectal temperature
b hr No symptoms
5 hr, 40 min 5 hr, 40 min Mildly ataxic, weak, tired, slaspy,
bradykinesia, high rectal tempura-
ture, nausea
6 hr Ataxic, postural hypotension
C. 115°F, 4 ug/Kgof B2
' bhr Sleepy
4 hr 4 hr Ataxic, ,postural hypotension, ele-
vated heart rate, high rectal tem-
Derature
D. BSOF, 5 ug/Kg of BZ
| 6 hr Mildly ataxic, tired, sleepy
| 6hr M ldly ataxic
b hr Mildly ataxic, hullucinations (slight)
} 6 hr " ‘o symptcems

Appendix
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© TABLE 6
WEIGHT LO8S DURING WALKING . . CLE (U)
Control weight Experimental Experimental/
Subject Environment loss welght loss control ratio
Zbhr |4hr |6hy | 2hr | 4hr |6hr | 2hr | 4br | o hr
oF gm
(b)(6)

100 462 | 458 | 488 | 440 376 | 416 | 0.9% | 0.82 | 0.85
100 420 | 452 | 4T 388 - =% 0.92 -8 -
100 425 | 451 434 272 | 309 —-% | D.64 | 0.69 -
100 535 | 487 | 622 | 485 ! 317 | = | 0,91 | 0.54 | =%

Mean 460 | 487 | 529 | 396 | 334 - 0.86 | 0.68 -
100 plus clothes | 619 | 699 | 589 | 474 362 | 330 | 0.77 | 0.52 | 0.56
130 plus clothes | %90 | 693 | 749 | 799 | 693 | 590 | 1.35 | 1.00 | 0.79
100 plus clothas | 551 516 | 468 | 478 | 401 300 | 0.87 | 0.78 | D.b4
100 plus clothes | 480 | 611 514 | 450 | 418 | 420 | 0.94 | 0.68 | 0,82

Mean 560 | 629 | 580 | 550 | 469 | 410 [ 0,98 | 0.74 | 0.70
115 ( B0S | 799 | 649 | S44 | 347 | 243 | 0,68 | 0.43 | 0,37
115 684 | 685 | 550 | 670 | 560 | =% | 0,98 | 0.B2 | ~®

Mean T44 | T42 | 599 i 607 | 453 | -~ | 0.83 | 0.62 | -
85 250 | 294 | 271 | 242 | 216 | 168 | 0.97 | 0.73 | 0,62
85 o1 | 313 | 38 | 216 | 236 | 269 | 0.72 | 0.72 | 0.85
85 322 | 392 | 341 | 245 | 118 | 170 | 0.76 | 0.30 | 0.50
8s | 289 | 346 | 283 | 274 | 237 | 204 | 0,95 | 0.69 | 0.72
Mean 291 | 336 | 303 | 244 | 202 | 203 | 0,85 | 0.6]1 | 0.67

* (U) Not completed.
Appendix 26
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© TABLE 7
WEICHT LOSS DURING REST-.. JN CYCLE "'J}
Control weight Experimental Experimental/
igh
Subject Eavir - loss weight lo:n control ratio
Lhr| 3hr | Shr| |l hr S5hr|{ 5hr| lhr| 3hr| S5hr
5 gm T
|(b)(6)
100 293 293 | 236 | 154 | 223 | 244 | 0.53 | G.76] 1. 03
100 128 | 274 | 276 50 | 171 =*10.39]| 0,62 -+
100 351 169 | 288 | 200 | 189 =% 057 1.1¢ -y
100 101 348 | 362 | 142 | 147 =% | 1.40 | 0. 42 -2
| Mean 218 271 | 291 137 | 183 - 0,72 | 0.7% -
100 plus clothes | 287 434 | 411 | 258 | 222 | 226 | 0.90 | 0.51 | 0.5%
100 plus clothas | 206 558 | 593 | 349 | 471 | 418 | 1.69 | 0.84 | 0.70
100 plus clothes | 249 425 | 296 | 220 | 278 | 244 | 0.88 | 0.65 | 0.82
100 plus clothes | 227 422 | 360 | 125 | 307 | 284 | 0.56 | 0.73 | 0. 9

Mean
115

115
Mean

a5
85
as
85

o4l 400 | 415
581 11,069 | 736

339 | 576 | 4Tl
460 827 | 603
65 97 | 147

48 119 B7
164 141 | 149
k] 118 | 150

89 | 119 | 133

238 | 269 | 293
288 | 695 | 427

e | 417 -

o2 | 556 -
70 95 98
24 kki 68
34 57 | 123
b6 7| 109

49 75 96

1.00 | 0.68 | 0,72

0.50 | 0,64 | 0.57
0.93 | 0,74 | =—»

0.71 | 0.74 -

1.08 | 0.98 | 0.67
0.50 | 0,65 [ 0.70
0.2]1 | 0,40 | 0,83
0.BL | 0.60 | 0.73

0.66 | 0,66 A 0.75

* (U) Not compirted.
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(© TABLE 8
HEART RATE AT END OF 3-MPH WALK...G CYCE (u)

5 Experimental/

Subject Bavirouret Control rate Experimental rate sentvol satle
Zhr [4hr [6br | 2br "4hr [6hr | 2hr | 4br | 6By

(b)(6)

190 120 | 125 | 123 | 131 156 | 166 | 1.05 | 1.21 | 1.35
100 141 155 | 158 | 161 169 =% | 1,14 1,09 | —=
100 129 | 139 | 151 | 136 | 175 | -* | 1,05 ]| 1.26 | —=
100 1zl 124 | 114 | 129 | 157 =% | 1,07 |1.26 | =e

Mean 128 | 136 | 137 | 139 | 163 | - 1,09 | 1.21 | -
100 plus clothes | 130 | 128 | 135 | 150 | 167 | 161 | 1.15 |[1.30 | 1,19
100 plus clothes | 128 | 135 | 139 | 119 | 131 | 139 | 0.93 | 0.97 | 1.00
100 plus clothes | 108 | 104 | 104 116 | 160 | 156 | 1.07 | 1.54 | 1.%0
100 plus clothes | 114 | 127 | 139 | 126 | 148 | 142 | 1.10 | L.07 | 1,02
Mean 121 124 | 129 | 128 | 151 149 | 1,06 | 1.25 | 1,18
115 128 | 135 | 142 | 110 | 134 | 138 | O.8L | 0.99 | 0.97
115 139 | 148 | 158 | 138 | 167 -% | 0,99 |1.12] -

Mean 133 | 14] 150 | 124 | 150 - 0,93 [ 1.06 | =
[ 1] 104 | 107 103 101 116 | 127 | 0,97 | 1,08 | 1.23
1] 112 | 108 | 018 | 112 | 122 [ 130 | 1.00 | 1,06 | 1,13
85 113 | 125 | 120 | 148 | 177 | 174 | 1.31 | 1.42 | 1,48
85 13 11z |10t 110 | 118 | 113 | 0.98 | 1.05 | 1,06
Mean 111 11% | 111 118 | 133 | 139 | 1,07 | 1,15 | 1.22

.-_Uj Not completed.
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{C) TABLE 9
PEAK HEART RATE AT END Or 9-MFH RUN (V)
Control rate- Expe tal rat
Subject Environment OEER TIRT S
1 hr 3hr | Shr | Lhe | 3hr | Shr
_ °F bpm —
(b)(8) 100 174 17 170 158 - -
100 178 190 LLL) 166 -# -
100 167 175 176 162 171 -
100 156 160 154 152 158 -
Mean 169 174 172 159 - -
100 plus clothes 1M 171 172 169 177
100 plus clothes 167 - 179 160 = 174
100 plus clothes 153 -0 151 146 157 174
100 plus clothes 157 158 162 140 153 158
Mean 162 - 166 154 - -
118 176 176 182 167 172 172
115 182 188 185 174 179 -
Mean 179 182 184 171 176 -
B85 162 162 164 154 160 b7
B85 164 174 176 164 176 190
85 - - 176 172 179 190
85 164 158 158 152 160 156
Mean 163 165 169 161 169 176
* (U) Not completed.
¢s (U) Data missing.
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©) TABLE 10
RECTAL TEMPERATURE AT END OF WALK (U)
Coatrol temperature Experimental temperature
Subject Environment Cycle
1 2 3 1 & 3
ﬂr -
)6) =
100 99.8 100, 6 101.4 100.5 100.8 101.3
100 101, 4 101.9 1021 100, 3 101,5# -
100 101,2 101,13 101.6 9.5 100, 1o -
100 100.7 100, 5 100.6 100.0 102.4 -
Mear 00,8 101.1 101.4 100.1 101,5 -
100 plus clothes | 100,4 100, 2 100.0 99.9 102.4 103, 1 o=
100 plus clothes 100. 4 101.0 100, 4 99.17 99.6 1001
100 plus clothes 100.7 100, & 100,0 100.0 101.5 102, 1%e
100 plus clothes 100.4 100. 6 101.6 §99.13 100.7 102, 3
Mean 100, 6 100,6 100.5 99.8 101,1 101.9
115 101.4 101.5 102, 2 99.9 100.5 100.7
115 100.6 100, 6 1017 100,7 102, 6 -—
Mean 101.0 101.1 101.9 100,3 101.6 101.7
85 99.9 100, 1 99.8 100.0 99.8 100, ¢
85 100, 0 100.0 99.9 99.% 99.3 99.4
85 100, 5 100,9 100.4 9.6 101,7 102.4
13 100, 4 100, 3 99.8 100,2 99.9 99.3
Mean 100, 2 100, 4 99.9 99.8 100. 2 100.3

M {Ui After 90 min of 110-min cycle,

*¢ (U) After 100 min of 110-min cycle.

A ppendix

30




—CONFIDENTIAL"

() TABLE 11

RISE IN MEAN BODY TEMPERATUK: OURING WALKING (1)

Control temperature J Experimental temperature
Subject Environment Cycle
1 2 3 1 2 3
e ——
°F oF
(b)(6) 100 0.5 Lo | o9 0.6 0.5 | 0.4
100 0,9 1.3 1,7 1.3 1,.6¢ -
100 | Lo | L Le | os 1L7%¢ | -
100 1.0 0.0 0.0 =0,2 1.7 -
Mean 0.9 1.0 1.0 0.5 1.1 -
100 plus clothes 0,3 0,3 =0,2 0,6 1.4 0.3
100 plus clothes 0.1 0.1 -0.5 0.1 0.0 0.4
100 plus clothes 0.8 =0.1 0.0 0.5 1.2 0.7
100 plus clothes 0.9 0.2 0.3 =0.1 0.3 1.4
Mean 0.5 0.1 -0.1 0.3 0.7 0,7
115 0.5 01 0.7 0,1 0.8 LS
115 0.2 L3 0.7 0.4 1.6 1.5
Mean 0.4 0.3 0.7 0.3 1.2 1.8
B85 0.4 0.1 -0.8 0.2 =0,2 0.2
85 0.0 -0.1 0.2 ! 0.4 0.0 0.2
1] 0.5 1.2 0.3 0.4 2.1 1.2
85 =0.3 0,2 0.1 0.3 0.8 0.2
Mean 0.2 0.4 =01 0.3 0.6 0.5
* (U} After 90 min of 110-min cycls.
** (U) After 100 min of 110-min cycle,
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(] TABLE 12
AVERAGE SKIN TEMPERATURE AT END OF WALK (U)

. Control temp . ] Experimental temperature
Sabject Environment Cycle

i 2 3 1 2 3

= op oF

I(b)(6

(®)(©) 100 95,2 96,7 98.4 ' 95,4 , 9,2 | 9h.8
100 91.5 97.2 97.1 97.6 99.4 sl
100 97.2 9.9 98,2 96.3 99.3 -
100 M. 1 93.9 93.7 9.1 9.7 -
Mean 96.0 | 96,4 96,9 95.9 98,2 -8

100 plus clothes 95.4 | W) 9.2 95.8 98.4 99.3
100 plus clothes 95.4 96.1 9.2 95.8 94.0 96.9
100 plus clothes 96.8 96.2 96,0 95.2 96.7 98.5
100 plue clothes 96.8 9.2 9.8 .7 95.5 98.9

‘ Mean 96,1 95.7 95,8 95.4 96.4 96.4

115 98.4 97.4 9.2 95.8 9.3 97.0
115 97.0 96.9 91.5 97.6 98.9 -

Mean 97,7 97.2 97.4 96.7 98,1 L
85 92.0 92.2 91,0 9.6 9.0 92.9
85 93.7 92.7 93.2 93.3 .4 93.7
85 93.7 92.6 - 93.8 9.7 9.5
85 93.4 93.3 93,0 93.3 9.5 9.4

Mean 93.2 92,7 92.4 93,5 9.7 94.6

s (U) Cycle not vompleted.
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() TABLE 14

EFFECT OF Z MG ATROPINE TARTRATE ON HEART
RATE OF MEN EXERCISING . 100°F

Heart rate
Subject Control Experimental | Control | Experimental
Run | Rest | Run | Rest walk walk .
== - .bpm i
A. Cycle ]
®X) | 165 l 86 | 167 | 111 I 100 | 160
182 83 176 100 133 162
B. Cycle2
3hr dhr
l 155 I 86 I 1mn I 150 100 | 133
171 86 194 111 138 147
C. Cycle3
she she
| 156 | 79 | 158 | 83 118 l 115
179 103 188 95 143 143
UNCLASSIFIED
34
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Parasympatholytic effects Atropine tartrate
Temperature effects High temperature effects
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Body of Abstract

(U) The effucts of exercise and high environmental temporatures on
the pnysiological action of BZ are presented. Mesasurements were made
on men after oral doses of BZ were given, tuv determine the effaccs
upon the heart and sweat rates, ECG's and body temperatures with
exercise at four different environmental conditions. Some comparisons
with atropine are alsc presented. The effects of exercise and heat do
not seem to potentiate the central nervous system effects of BZ in a
specific oral dose; however, additional incapacitation from heat
exhsustion can be expected in some people recelving this dose when
exerulse is performed in hot environments, Even at moderate
temperatures some heat casualties may occur. In resting men, heat
regulatione are maintained for at least 6 hr In the environments testad,

Indexing Annotation :

A determination of physiological action of BZ on men subjected to high
cnvironmental temperatures and exerclse.
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