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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 Volunteers”, 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.



 - 2 - 

 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,  
 
 
 
 
      //SIGNED - BAM// 
      Brian A. May 
      FOIA Officer, HQ RDECOM 
 
Enclosure 
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(U) J'UItEWORD 

The .. teltl .ere authorised UAder Prr.·,c,ct 4C08-02-02', 
CW B10)01ica1 Sci.aca R ... ~rcb (U). The obear·· lOftI were mad. betw .. n 
October )96) aM April 1962. 

Aebowl.d,m.ntl 

Th. a\lthorl are In''~''~~~,~! ""=---,cJ D .• 101' lupplyina: 

i'~h~.~.~.~.~n~';U~'~'~d~ln~Ih~.~.;.~te~'~'~';"'t~~~~~~~~~~~?:D~'~'~~fO;' medical of the ApJoU.d 
Facility, in par-

:~~U!~:l';':;'I1 ... ____ 1 for the cooperal10n .upplyml volunt~.n 

Noticel 

Thil docum.nt eontAlDI hlformation aff.elina the n~tional defene. 
01 the United Stat .. within the munin, 01 the E.plona,e Law., Tn)e 18, 
U. S. C .• • "ction. 79' and 794. Th. tranlmi .. ,Oft or the nv~lation ol it. 
contentl in any manner to an l.lnal.lthorhed penon i. prohibited by ',,"w. 

Reprocll.lction of th.1J doclolm.J\t in whole or part i. prohibited except 
with pe:rmi .. ion of the , .. wnl offic.; however, DDe iI euthorlud to reproduce 
the doc\:ment lor U. S, Covarnmental plolrpo.el . 

. When Hlle docu.ment hu serv.d ita pu.rpo .. , DESTROY in accord_ 
ance with AR lBO-S. DO NOT retu.rn the document to U. S . Army Chemical 
Re.e o:o r ch and Developm.-n"'t"iAboratoriu, 
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leI DIGEST 

Fourteen Wedic.l .l.ac.reb Dh l10n Volunteer. were jiveD. az ln 
a 4·. or S·Il,!lca oral dou and. e.erched for 6 hI' in ... ariou. ellvil'oll.mont&, from 
85° to II ~oF. mcapaci.tatioll Q(.curred in 5 of the H mell.. Four man wue unable 
to complete the walkinJ; or I'WUUDI exerei ... and exhibited ataxia, Jeneral 
weakne •• , tachycardia, and elevated body temperature, One Man ""I.e removed 
from th. tut aUuation becau •• of an elevated rectal temperature • 

In the aveuae case, BZ reduced awnUna by approximately )~ of 
ecmtrol leve!:: (rom the end of the .. coM hour to the eM of the 'Iixth hOUr of 
tCllltir.tl· The reduction n.na.d from 451 to 0'4. Avera •• akin temperature. 
an"r BZ were ZO to lOF higher than control vatun; avera,. body temperajl.lru 
1'0 •• 0.5° to O. 70y above control value.. Sue: hour. after B%., one man had .. 
rectal temperature above t030y, three men above tOZOy, and two above lOloF. 
the four men who did not fuu,h the 6· hr tut al.o ewblted overh.atin.. at. 
lncrea.ed heart rat. ~ dU1'ln. walbn. by l~. 

The foUoy,"1ft. conc1ullone .. e1'. reached: 

The effecte of eXe1'cile and · ' e~t do not leem to potenUate tbe cen­
tul-narvou.-uyatem.efflct. til BZ. in an oral do.e of 5 ~l/kl • .Additional in­
c::apaC::ltahon from hlat exh.a"ltion can be expected, however, in about one-f!.fib 
of the ind.lVldual. recl1Vlni th.u do.e whln axercue 11 performed in hot envi­
ronment •• Even at 8SoF lome heat ca.ua.1ti .. may occur. In 1'1.tin. mll'l, 
heat re,ulatlon 1. malntained for at l .... t 6 hr in the environment. tl.t~d. 

The parllympatholytic effect. of the oral dOli! of BZ are .~mi1ar 
to and .lilhtly Ie .. in severity than tho .. of " l-mI1ntramulcula1' cio .. of 
atroplne tartrate, but they peni"t {or a much 10n,er time . 

, 
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IC) PHYSIOLOCilCAL ACTION OF BZ ON .MEN SUBJECTED TO HIGH 
""i'I:NPERATURES AND EXERCISE (V) 

1. (CI INTRODUCTION. 

Ie} The purpOle of this oxperiment w .. to determine the phylioloaical 
action of BZ lEA U71) on men lubjected to the Itr ... U o{ hiah environmental 
temperature and. ex.reue . Thh il a functional apprnacb to drua action 3-nd 
upretentl an lntlrmecUate relearcb Itare bet.len clinical telUna and fieJd 
application of an aaent. 

(U) Similar Itudlu were done ".ltb atropine by Craia! anJ Robinlon . .z 
Atror-in., and BZ are parasympatholytic in elfect. Atropine and related com " 
poundl, at appropnate do •••• accelerate the heart and decrease Iweatin, at 
rulh environmental t.mperature. . AI the ruult of deere .. ad •• aat production 
in the heat. body temp.rature ruu . In field tut. at a dry-bulb t.mperature 
of 83°F, Z- ma do ... of at ropine CQuld incapacitata worklna men by heat ""_ 
haulti"n after 2 hr. 2 

IC) The report of the oriainal tut. 3 with EA 2277 describe, the p.y_ 
chotropic ellecn and lanaral I"fmptom. related to dose . The p.ycholoaical ... nd 
dinic.l efleet." and the e!lect on lkiUed pe rformance in limul&ted f1iaht5 have 
been invutiaated inten.ively . Tachyc&:dia and depre .. l0n of the T-wave of 
th. ECC', of human.

' 
and do •• & eau'ed by thi. dru .......... reported .arlie r. 

The pnytloloaica1 eflect upon e"erdlin, do,l hall allo bun ducribed . & 

(e) Becau .. or .afety requirement. in the ul e of a ne ..... cor ' pound in a 
new lituaUon , the dote. of BZ were limited to ,of or 5 ~g / k8 orally . 

11 " ~CI METHODS AND MATERlALS. 

A. lUI Subhct • • 

All tluman' uted in thue t •• u .... ere telect.ttd from Medical Rele~rth 
Divil i on valuntle,.. Thlle men, except .ubjectl(b)(6) I were telected by the 
tame let 01 phy . l.c.1 and p.ycholoiical Itandardl (table 1, appendix) . They 
were requlred to be in Kood phylical and mental condition and free l :('m ar.y 
abn(lrmahtiu. They ..... en a carelully telected ,roup and not a random . a mple " 
The ph~·l(·:.l r}, .~r.r. terl.tic. of trul aroup are I hown in laule 2 . ~ ppel\dlx . Ttoe 
deciliN, un the auUa lnhty of perloMel w, : m .. c1e by the medical at itlf nf the 
Hurnan Inve'!ilationa FacUity . 

eeNPlBI!fft'IKl: 
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· ............ 
The envuonmentl within which the lubject .... erciled are live.l in 

cable 3. app •• dlx. and Wen .. lacted to produce varyin, dian" of he.t Itroll , 
Th, men wore only Ibort. in aU wt Oftlt t .. t, whr \ they wore the taUpe llni­
form (W'lIHUhortl, T ebirl, faUpe .Mr! and tr ...... ra. lock .. and combat boot!'). 
Air movement ",al m inhrull. 1'b.!', l_tion between all' .nd ",all tempera.ure. 
tor chh room has been described. 1 

B. (U) I.erell. Scheellll •. 

Th, 0.1:0(:1 .. "'e. cliltributd OYlr 6 br 111 tbr .. upeUtiv. cycl •• , 
.ach cycll le.tift, Z hr. A compllt. eydl proll' ...... 1 Ihown in tabla 4, .p_ 
p.ndbl. 

To an,Yiata boredom, .. radio .... played for the min aNi th,y were 
aUowad to r .. fl. They at. lunch betw .. n 12:00 and 1:00 durina • uIUn, pha,. 
o! .. cyct.. ul\laUy at the beC1nnin. of c'lela 2. 

C. (U) w..,uumlat • . 

SW"~UI.' rat ......... timlt.d from 10" of body wal,ht. JSody we"ht 
'ilia. munud on a pa.tiorm balanca (Buffalo) of over 200.k. capacity .nd .. n • 
• 'Uve to *5 ,m. Hurt rate. wue recorded contUl\l.o\l.l1y IIhIrUl, tbe "',iNLifti 
of exuc'i .. an:! ev-ry S min tb ..... lter . Itlevin. lalt-brid., ,l,ctrude. 'III." 

und 10 obcaln the ECCi 11an-1 tor '''lmatin, ,h. h.er, ra''', which wa. r.corded 
tbrou.b a Sanborn ECG amplifier. Thermocouple. futened by elutlc wabbln. 
over the che.t , back, hipe, and lhilh .ennd .kift temperaturee, wblch 'Iller. 1'tI­

cord.d on a l,ud. 1& Northrop Spu domo&x record.,. Rectal temperature, 
me .. und by a thnmocO\lple in .. rted 7 em Into the r.ctum, ..... recorded be­
ude the .ku, temperature!! . Aver.'lle body temperature w .. calculated by 
Wlllhtln. ractallempuatun doubly IInli av,na,ift, thi' wi.th the avera.e ekin 
ttlrnperature. 

Standard i:CO lead. were employetd on the min whllet they ware 
reethl, aiter exerel .. at hourly intervah. Durin. exarche, "nd-tldal carbon 
dioxide w .. me .. und at 5-min lnt ... val, ulln. ~ continually .amplin. Luton­
Backer carbon dioxide m.fu, lh. output of which w .. recorded by a Sa"born 
,alvanom".r. 

D. (;;": ~tll.!.!!!!.lon of BZ. 

(CI liZ ..... obtal""d In hydrochloride form from l(bX6) I 
. ;. ... 1 l.abor.tori... The uri,ina) commercial IImple w .. uud il' aU t .. t. 
e'l( ' 4Ipt the 1 .. 1 one, in WhlCh .analytica l .... mple 12:10 'III" ' Ieed . S.ampl ... 

•• IIMIIII ... 
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OONFlD£NTb\L 

1 mi. were wt:iabecl on a torl1on balance and diluted to J DO ml with d.i.tilled 
water, Ilrina a c:onceDtration nf 10 .... /ml. t'ilution • ."ere made Z hI' before the 
tnt. to enSure complete solution. Individu:', 10 .. ' of" or > IIt/k, of body 
weiaht wen mealured from this solution, diluted to 250 ml with watu , al.d 
adminilte:r,.ct oTally. 

(C) T YO .naly ... of the .tock lolutions were made by the Phyliolo,lcal 
Cnern!.tr" Branch to cbeck concentrations. Thes. analytctl yielded concentr.,· 
tion. of If. 8 :t.nd 10. J ""/ml, confirmin. the orlauu.l eltimat ••• 

(U) The a.ent "' •• liven at '.1'0 tim. of the lint t'!llt eye:. (table 4, ap-
pendix}, Men .... ere Inltrueted to f •• t belo". tbe t •• t, but theu w •• no direct 
C"ontrol over thil. 

E. (U) T .. u With Atropine. 

To compue the ,ffect of atropine with that of BZ, two mIl!. were 
liven 2: m. of atropine tartrate intramulcularly. They then complete. the tbree 
exerci .. cycl .. in a tOOOF .nvironment. 

F. lUI Medical Can. 

A Mfldlcal Officer was present wtule the teat. ""fire bein, conducte •. 
The men ""ere examined durinl the control and e ... perlm.ntal period,. After the 
t .. t the men '''''ere returned to the HUman lnvutiiation. Facility, wh.r. their 
recovery Wa' lup.rvleed. 

lll. (e, RESULTS. 

A. Ie) ~ral Rupnn.u 01 Subje"t •• 

Rupon .... to the 5·toIl/kl do .. of BZ vule. ""id.ly, ranllnl'rom 
;Inl. eff.,t to hallucinationl and inability to Itand. Mo.t .ubJecti ... 1'. ataxic 
and held onto th. raiHnl of the treadmill ",uh on. hand ""hU. ",alkinl; thay",.re 
inatruCled to u .. both handa ""hUe ,..unnlnl . Dryne .. of the mouth and a Ur.d 
f.eHnaln the limbs ""ere the nut .ubj.ctive aymptClma not iced by tl:c .. "b~ectl. 
Then aymptom. aFpaared in aome man about 90 min alta,.. oral dl'ua admima· 
Ir.lUon : .,1 \1.',:." .,ruent Ie aome dear •• 1n aU aubjecta at 1 hr . \J\ '''e hoi 
envi,..o~.mont, Ihe face, ahoulderl, and •• · .. :11 of molt lurJe,.:l. appealld red 
and flu.hed. Thl. wall ... ociated with the mealurld reducaon In I""e.tina. 
Some men hId .Hahdy .wuUen hand., but t)U. "'al allo occalionally found 
during coni.rol f'xperimenll in the heat. 

eeNPIB!fffttd:: 
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88nfllJIlh , bit 

The Jeneral reaction in 11 of the 14 m .. n r ee.ivinS BZ 11\ the 4- to 
5-I'"/ka dOle ... a. latitue, involvilla a lack ot motivation. The), did not wilb 
to ax .. reil. and prefened to lie with do.ed eye. 1:'\'\ the cot proV1ded. nelr 
movementa &pJ!:eand .10wlr, I ad they were WI:- ely while .tlndinl . Two 
men, @(6) ~ho .... d n:.bJleftve recovery {rom th ... eymptoma aft..r 
5 min of the wai.kin, I th.clule and claime" they felt better ... ben I.erc'.inl 
than when .ittlna or lyin. . After the ... alk tbay ut; the { .. Un, of la .. itldle re­
t~· rn.d after about 5 min. 

i")(6) I Two men who wer. molt .. v. rely aUectad. ele. 
veloped. uncontrollable monmlntl of the bmbe durin. the third bOllI' . Inter­
mUtlatly, whila they ... an lyJA, down. their la" and.l'm. _wid. nl. or axt.Del 
in a rapid , Je,'ky I .. Mon, and thlY would chan,. thair polition frequently. 

Th, ~CG'. of two m.n, (b)(S) .bow.d T-... n cl.,u.-
don ano, later , T-w.v. iD.v"Iuloa(8.uu I) , attriblatacl to tb. dru • • T-w.va 
!latta run. davaloped 4udn. the lourth hour after dru. in ... Uon. &D.d cllnl.:aUy 
illdicat •• carcHac ilchamla. Atropme, however, baa baan .bown to incra ... 
,,'n·onary blood tlo .... Thl. T-wavI flattlnina may be a ruu.lt of chana' in 
hlart po.ulon, I) or It may ba ,..latld to an irritation of the pericardial mem­
bran... A mora detail.d .nalytll of the ECG r . ,ord. of aU t}.e men will be 
the ."bJ.ct of a later raport. 

Su.bject ~~~~~Jw;. .. hypervlntih,.un. in the hot room whUe under the 
,nIlulntl of hu.t and BZ. Tbi. hYPlrvlntilation diu.pp.a,..d alter ha WII re­
moYed {rom the room and bad rut.d. Equtpment .. &1 not •• t up at tb. uma to 
mla.ure re'pi ratory parameter., bl.at hie relpiratory rate .... counted. 
Hyp~rventilalion developed durins thl I&lt S min ol the 3-mph walkin. period. 
Alter 30 min of re.t, hie re.piretory r.t. wal '''tremlly variable, ran.ill, 
fro m 3l to IZ breathl/mln 20 mi.n l.ter and the:!. rilin, to 28 breathl /min 
5 min later . 

SubJect l(b)(S) lal.o beaan 10 hype:rYenlll.itfl durin. Ihe la ll 5 nun 
of .. ,Jun,_ He Ihowed a lowerinl ir. end -tidal carbon dioxide and an inc "'II' 
1n minute \<olume . 
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FICURE I 

.. 

ELECTROCARDlOORAMS OF SUBJECT C . B . A.T VA.RIOU5 
TIMES AFT£:l INGESTION OF BZ (U) 

L.a,1, v,el'e .elected thill l illuttl'iltec "'0 ,,1 marked chan,e in re t <ltd after 
az , Precol'diallead. V4 , V5, and VI.> illll,trate T - wave depullion ~ and 
5 hr u teI' BZ InS.U lon H:at wa l not pre.ent in pu l t,.erci •• control record , 
POll te.ere- i.e c ontr ol rec ord wa f ta ken at .. hI' ~nd 45 min of Hilt Ind J m in , 
after '-mph run . T em pe ratur e of teat c ha mber was 100 r. 
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me.pelt.tiOIl, debed •• iubiUty to eo:totiDu. pby.teal <.ork. 
occurre'ilI. 1 of the 14 .ubJ'c&, ud .a. .Uribu.t.d to .. v .... t ccaution • • 
OM: maD exhibit" & bradiyld.za •• la ot the low.r 'lUr~m1UI' .b'D attlmptiDJ 
to I'U.D. at 9 mph, and th.r.tor ..... uubl. to run. ·brl. m.n r~.cbld the 
polnt _b.rll lb.y .. er. uuble to .. alk 01' J'WI. becau .. ot" ataxia aftd ,.D.ra1 
... &lul •••• a .. odat.d wlUl a tacbycarc!1a. u •• llvat.d bcHIy t.mp .... hlr.. ODI 
maD 41. not. bavI.diUicully with the work bu.t .. AI t.UD out of the bot room at 
5_hl' aDIl4,O mMLbec.\&I' of &III Illvaltd rectal temperature . Tor t .. o mID, 

[tii)(6) ] thl ... wal &D IJ!.tlrval bet" .. D oaa.t of the n ... t Iymptom. 
aiUnacapaellaUoa, whir ... [(b[6) I .bowl' a rapid dlterioratioDt 
becomln. IDCapacUat., Illmo.t Ilmult ..... ou..ly with tb •• ppearaac:. of .ymptom •• 

n .• baUlicmatlODll of l(b)(6) I I.,ted for) day. . H. be.u. to 10 •• 
contact with reality after abollt 6 hI' &Ad beU.Y.dr.h._~a_. clir.ctin, a fi.ld 
p r obl.m IIIltU hi .... covery 3 clay. lat.r. Subj.C\(bX6) \bad mild aud.ltory 
halb"c1Mtioa. at S hr. H. thou.,ht be hlerd vole ... lallplria •• bu.t Md the 
capadty to l'.aU •• that thb eould 1'\.01 be '0. H. al.o .how.d .om. dl.or,&A • 
... UOI'\. in "n ..... rin, .lmp1. Cl""udOD. •• uch a., ' 'How arl YOII?" Th. alxt clay 
hb I . Q • • eou ...... In thl 60 to 10 .roup, _her ••• hi. pret.at .eoroa "'1" . 
•• IL above av.ra,.. H. IIIU ...... om. 10" 01 memory bolt other.bl .ppe .... d 
normal pbylle.lly and ••• able to .a •• " 11\ nOrmal conv ..... Uon. 

The preeedini materLaI'1 lummari&l<l in labl. 5, .pper.~ix . 

B. (C) EHect on 5"'lalln1. 

FiJUn Z lllll.cr.tu the .... d""ctlon in IWlatin ... ml,," ... d by 
hourly ... ll.lht 10 .. in the daU ..... nt environrn."u. Tho hourly v.ri.tion r.p~ 
reuntl the hourly diCter~.DCu in phyllc.1 activity, .ccordina to the t .. t 

IChldlil. (t.able 4, .ppendix). Hiah I""eatinl ratn wlr. ob •• rYI' in the 
l-mph w.lk bee."" .. o( thl lona dur.tion of Ixerchl. T.bu.l.r data for wll,ht 
lou ,J'lrinl w.1ldna ue lho"n in tll.tol. 6, .pp.ndlx, and t", ,h. r .. t-run ... _ 
Ilon tn table 7 , appendtx . 

The hi.h .. t IW •• t r.t .. wire o!.ol.,nld an lhe l150F he.t and the 
lowut at 8SoF . W.n with clothe 1 Iwuted more .t I OOoF than tho.e Withollt. 
AI clln be •• ell trom blur. 2, the p.rc.nt r.duction ill I""e.tlna ia tairly 
conlt.nt tor aU envh·onment •• nd IV'rl ... about l~" III the control v.lu •• • 
Ther. app •• re to be II "!" '! .. hlction in I ..... t rete. eVln dllr inl tbe til'lt hollr 
.fUr in ... tioll <.f B:!. . It ... m. lmprobabl. th.· 9Z b ,xlrtinl thi. ,U'ct , 
becau •• on .... ould not .xp.ct .ltch r.pld .blorptiOll (rom the lut and bee.uI' 
h.art rate dou not become aHet.!.d IIntil I-liZ hr .fter in",uon. 
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C. IC) E{fec;:t OIl Heart aate. 

te) The eJect of BZ on hurt rate dUrin, tt- ' welkin, exereile la Ihown 
in table a, appendix. It tac;:hyeardia 'I apparent iJ. of '4 .ubJeeu uter 2. to 
1.-1/1. hr; a .bibl increan in b.ut rat" may appear altu only ,.1/2. br. Tht. 
t,chycardia appeared When at ra.t, whe" etullin •• and when •• IItm.. The 
affect of heat on heart rat. m.y be noticed in tbe control .erle.; the ri.inl 
value. wltb time are ... ociated with a rile in body tamperature. 

IV) Heart 7&tel obtained at the end of the I'min 9-mph run are Ihown 
in table 9. appa""· ·,,,. Thes. ra.ult. for BZ are vuy aimUar to tha control 
valu.. . Th. rate. are not maximum nor .teady- .tate rate., which WOUld have 
b .. n obt&lneQ it the b.avy allerdle had bean carried on for lon,er period. of 
time . 

D. Ie) Effect on Body Temperatu re. 

The riae in rectal temperature that d.v.loped while ."bJect •• ere 
walkin, It 3 mph i •• hown in tabl. 10, app.ndix. At 100°,. ... leh clothllt.. tM 
additional h.at .tora •• ie particularly apparent . Aftn the m.n compl.ted 
the w.lk. and whi le they reated. reaulaUon of body temp.rature .eemed to ba­
come rel&tivlly efficient. Rectal temperature did not d.e durin, ra.t1n8 and 
frequ.ntly dropped. 'rhe temperetur .. of thoac lubjecll who were very mildly 
,If.cl.d by the dru, remained much like thlir control valu.. . Other aubJe'!tI, 
who were more leverely aUacted. axhiblt.d rect.l temp'ratur ... bo,,:,a 1 n)OF . 

Th. eflect on mean body tamperature, w)n ;;:h 1. a wei.hled avera •• 
of rectal and akin tempfl.retur ... , •• hown In tabla II, 'ppencbx. Attn 8%, 
Ihere w.a an incna •• 1ft. budy tempor.ture . mOlt ,pJWLrent ' n the two men at 
1150F. Aa with atropine, there 1. a riee in the akin temperatlU"e Itabl. 12., 
appendllt\ . 'Chft incr •••• In beat Itora •• h molt .pparont in body t.m!)orature 
whIr' 0;'111 ("ompa,.ea t.mp.ratlolre. d\irin. tha third cfc:1. of the contro. ~\d 
IIxperim.nlal t.ate . In each caae, Ih. temperature rl " 11 Ireater ....... 1' al.. 
At aSoF. Ihe <:(lntrol and dru, v.lue. for akin temper.ture do not dif(~l' u\lch 
except ror IIUbject l(b)(6) I 

E . (e) EUact on Blcod Pre .. u re. 

Ie) No \· .Icr-c,a c m .. allrementl or blood prellure w. re nk~ 
however: the !..Iedical Officer did record blood pnuure in Iolbje("1t ~bXS) I 
.nd ~b)(6)'Jand noted a pO.tlll'll: hypotanaion. Whl.l. tha men were dtun •• the 
,.y.tobe pre"ure w •• in the 11 S- to 11.0·mm-Ha u.n,. . When th.y -tood up. 
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·." ........ . 
the Iy.tolie pre .. ur. dropped to the '0· to lOO-mm-Ha rUle, bu.t afte,. ap_ 
proximately Z min returned to tbe 115- to 1Z.0-mm-Ha rUJe . 

IU) Th, blood prealt..ru of two lul; !tl a,ven atTopill.1 injectialll in 
100°F hea- ... eTe alia taken. In '»Ie of the •• men, poltura' hypotenllon 0 1 thtl 
•• me ma,nitude .1 above (which 1.'t,d (or I mill after he stood up) "'AI allo 
noted • 

F. lUI TUI!! With Atropine. 

For comparllon with the BZ 1'1'1'1 , two men w.r. l i vln Z rna of 
atropine intramulculary Ind performed the exerCl., CYc!l. 1ft. 10001' enrl­
ronn ... /nt. Two other men were Jiven the .ame amount of atropine in a 65°1 
environment . Atropine reduced IweaHni to 60,," to SOft of lh' contr('ll levII, 
durin. the !lu t hour (t.lble 11, appenchx) . Thi, effect beaan to dbappe&l' 
durin"he .. cond hour and ..... almoe! lone by the third hour, a. indicated 
by the experlm.ntal~t,,-control ratio •. 

Atropine cl.u •• 4 a rapid rill In r actal temperature durill, the fir.l 
hour, whi.ch ruulted h om the reduction in Iw.at rate. At the Ind of the third 
hour, rttctal temperehore' were louahly comparable with tho. e 01 the control • 
• nd h.1d decre .... d frot , levll. nached at the end of the £iUI hour. 

AcceleraUuD of the h.an rate produced by .tropine wa. mo.t ap_ 
parent dUrin, 'he 'ecol ,d and third houn and be.:;!.n to dlminilh dur1n. the 
fourth hour of the tut table 14, Ippendlx). Heart rat •• durinl thl fHth hour 
were aimUar to the control valu .. . 

Ex.min.U.on of the heart rate at the bepnnlna of enerd .. in the 
heat and . fter atropine ahowed that the hu.rt may alow down for approximately 
}O leC when exerche it .t .. rtld. Tbi. held true only When the 'landina heart 
rale. were elevated b,. atTopin. or h. at , In one mAn , the rat e .Iowed by 
40 !)pm and r~turned to th. "andin,level after lS .. c . In other lubjec tl, thi. 
effect wa. not 10 pronounc.d, Detail, of th ... te.t a hav. been publuhod 
eltewhere. IO 

LV . Ie) DlSCUSSlON. 

L-: ~ " ..... citation h the main tachcal objectlve OJ Ihlt ,I! '" of "t. Some 
pilral ymyatholytic <"ompoundl , luch al a~ . cp~n. , can orodut e ineap_cltation in 
wa rm envir onment a by :'nterferi", With heat regulaUon, othlra, aucn aa Artane , 

eeN'I~lIAL 
Il 



COIWID!1Ulxt 

may 'nc.apacitate by iN:!ucina m.NIaI cWulion. Z PotnUaUy. 8Z can iDe.pac. 
itat. by botb method., but lhe ulual conupt of 11." am,hal' ... tb, clbor,an­
br.tion of lIIormal clfttl'al-Mrvou.-Iylt.m c:ontrola . 

1ft th .... te.t •• iftCaplu::ltaUOD In.,. phy.h::.l work ..... IDOlt .ppanN 
In min Ix.reilinl in the IOaDy 'I'1vironm.Dt. Tbr .. of tb ... 10\11' miD ax-
hibited clatral-Der"oul-.Yltlm aU.ct. of dinin ... aDd ataJd.a, aDd th. ECC-s 
of two of the lour min .bowed .videnc. of COI'OMI'Y cUlturbaDc.; i ••• • T-wu'. 
fiattanfDI. Thre. of th ••• miD, had they cOntiau,d, wou),d h:l.v. Mcom. over. 
h.ated. COIuI' •• ted to thu. nactio,u, th. 10 miD .xarebiD, i. oth.r IbvirOft­
menU ,bowed rm..:b milder aymptom. . SiDca tM miD padormed fairly •• 11 
in othe.t Clnvil'OIUn'ntl that iDdwled cond.itiOlla mora .tnulu! (doUWa~. USoF) 
than aD ambie!lt llmperature of 100°7. it .ppeau that beat bel work ill. t}u,m­
.. Iv .. do not la.haAel thl IUecU 01 liZ 011 tbl ceatral "lrvlNl .y.t.m. lAck 
01 adaptatioo to hlat may hi a la.ctor 11:1 lbe marklld laect of liZ l«md. at 1hI 
100°"· tempenturl, beeau .. the .lIbJlcti for th ... t .. tl .. ere ac:clim&Uaed 
to wiot.ry temperatlr .. whu. thl tilt. w.n performed COctoMr tl,l April). 
Onl man of the Iroup W&I a~i'Plcalln that hi .... oldu thaD. thl othel'l (·U yr, 
and did not ncelVI an .tEO. Hi. ballucinahoft .... thl mo.t .. ,'I'" onl .a. 
p.,,,nc.d by any oC the lubjlcu . 

The men In tbe ltSOF .avlronm.nt rlceived only • ~/kJ 01 liZ. 
hfo('ll,,'~ at the tIme of tbe .. eaplrlment, ordl1'l raltrh:lin, lb, do •••• to thil 
l.vel were in effect. Even at tM. do ... ho .. ever , on. man wal Ilvlrlly at~ 
flctld by the h •• t, :i:t appull from thil ('a .. and the uth.,. that liZ CID 

produce c .. u.1Ue. in hut environm.nt. by it •• necu on .we'tiDI •• vln tho\alb 
it may not produce a toldc deliri.um, 

In the heat. the alne,.1 f.ebna of 1 •• Illude induc.d by 8t may 
reduel lhe eUeclivene .. of IndlVlduale in perfo-rmlna th.ir million when both 
pbylical and mental IlI.Uti .. are requll'ld. Altar .. hr , mOlt .ubj.ctll feU 
&sIUD whln alVin the opportunity and did not rupond r.p • .!ly to dl,.cUon. for 
conhnuina exerci.n . They .howld .ome aur ... 10n at b.ina dl.'huhlclj thi, 
t.nd.ncy .. a. not preunt in the control telu . 

Th. time to onut of phYllolo,tcal ,ianl Id.c,.. ... d '''''tinl and 
.llvated heart rat.) alter the oral dOI'''" ab<>ut Z or ) hr, lnea~citatio"l 

beeau .. of atax.ia arr.d luaitude did not occur untll .. I.r .. fter the oral do ... 
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three men e.lrein at tOOOy bee.u .. 01 :::~:::;~;,~~~.~htO. maintuDM beat reJU~tion : 
ataxia aDd occ'Irred becaul' of impaired 
beat rlJUlation; two d.Ul'UIoI the lut boolr &t 1000F _ith 
dotJun. aJ\d one .topp .. d walking. with .ymptom. at· 
aoclalR with Mlh • Some mIn _cre poteau.,1 b •• t ca.· 
ualol. but were not incapacitated. dunn, the te.t (bX6) t IOOOy and 1(b)(6) la, 
8Soy). 

Tb ..... AI no dUilD in then teat. lor mluurina .. ,raded phyli. 
ololical .... poa •• to inena .. d do ... of BZ. The central.nervous-'yltem 
nepon .. to tb, drill h t.houaht to be in the Corm or • plateau; i. 01. I the lad!.­
vidu:;l: i..,. eUber mUd aymptom. or hallucination. . The S- ... 'ka oral do .. 
• PF"t.rs to be tbe thrubold lor the haUuclDo,lnic eflect . In thit IJ'ClUP of 14 , 
2. meR had h&lhaci,.,..tion.. The rani' of phyelolollcal rupont", .xhi~t.d hoy 
the subject. c01.l1d i11ultntl the po .. lbUity of a lrad ~d r upon •• to clo •• lor 
,we.hn. ancl haart rate. Subjec:U nceiYlnl the 5 . ..... /ka do.e .how. d a wide 
ranae of lraded phYlloloaic:al re.po'l'" on heart rate and Iweatlnl. Th~ 
r •• pon.a wa. not an ·aU·or·nona type of r"ponl' at the dOle levII u •• d . 

Thh wide ranae in re.ponn. b typical for .ubltancl ' admini.tarad 
oraUy, Mo.t .ubJer tt fa.t.d only coffee on the day on which BZ 
wall' adn .... u.l.nd. One te"ld after he had eaten a hea~ty 
brealda.t; h •• xlublt.d no could be attribut.d to BZ, whleh 
puhap. indicat .. that food the oral .ff.ctiven ... of az., Th.re ap-
peared to be no correlation between the .moldn. habit. of peraonnal aud the 
effect of BZ , 80m. individuall . moked about I hI' before rec:e1vin, BZ and 
. uf(ered only liaht effect • . 

A. Effoct on Heart Ratl . 

Accel.ration of the heart ratl b)" BZ w,,' mOil cl •• rly .nn .In the 
wallun, '.plrlmlrU . The increment l.n r .te In("r .... d durin. the e"P.rlm.ntal 
period to an averal. of 2.8 bpm at the end of the sixth hour at 850 y and to an 
aver"le of Z7 bpmat the Ind of the fourth hour at IOOoF . 

Thl n.ult. with atropine art not IIrl ctly comparable . i ..... '" at ro · 
pint! waa inject.d intramu.cui4lrly and BZ WII aiven. oraUy, At lOOor the 
In.:r''III'' :"Its cr'\ r..: ~ by atropine durin ...... alkin,l. vera.,d 4~ , 21, and 1 \:It'm. 
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r"ptlctlvely, at tbe .ad. of tM ~.cood, fourth, &ad .i.xt.b ho""n. la a previoul 
Ihady 011. thrll ml", aa iatr~muacular do .. of Z m, o( 'tropial prochacad All. 

'vera.a iocrlmaot of about 31 bpm _bU. r.ltina: And walkir:., at loviroumuta.l 
'Iropuatv.nl o{ 100 and 85°,. oVlr a I-bt per1~ Pro,r .. ll.,.ly ar,eI' 
iDcr'mlatl in il.art rate _'1" not pro.'iv.c.d by clo ••• of .tropi .. a aboy. Z IIlI 
!A. cool aaviro,)nm'Dt, whar. iDd',eDCIa ... aU.ctl of body tem,aratun 011 the 
.... rt r.tl Ilr. 3ftdary to labibiti_ of 1 ... tiD, ..... a .voilled. Z H.nc., this 
dola 01 atropal il ~,id to block the va.al cOll.trol of the baart complltaly. 
The oral dOlt! of IZ .mployed bin app'aud to produce only a partial bloc'!t. 

Ia a more detaUeIl (:OIllld ... aUoa of tha atropia. rlluUI. WbaD tb. 
haart ra" III the Jtaad1a, po.lde wal blab becau .. of "polun to h ... t or 
atropi" or bt.-lb, the 1IUUal acceleration 01 the beart in I'\I.IUWla at 9 mpb wal 
la .. than Lbat .. n ordLDarUy.l0 BZ prod\lcad drrailar a1~ 1 .... IU­
dtfinacl .U.clt . 

Thera appean to hi no cbanc. 01 axc ... Itora •• 01 baat at the 
5- .. ,/11., dOli: ot It%. in IJqlldmlntal lituation. wh,rl th. a"bjlct doe. not per_ 
form heavy exnci... Soma man parUdpati.nt in field ta.t. with B'Z may .xhibit 
rictal t.mperaturu oC 103°,. after Z 01' ] hI' i ! both moderate '.Ir.:all and haat 
."" htv(llved. AI lubJectl(b)(6) I_howa , h h .,ou.ibl. to atora heat uftder the 
inJ'lulI'nca oC BZ. withou: lulfarln. tha cantrll-narvou. _Iyatlm enlct. . It u 
more prot!.bll tbat men. axpo'ld to BZ and l.IUn,lh. accompanyin, In.ct. 
of ataw Ind tiredn ... would atop •• erchln,. at i.laat in thl aarly Ita, .. of 
their az. a.p.nenco, belol" thl on .. , uf hl.t exbauatl0n. 

In thue 'estl', min luquently had hi,har initial rectal t.mplratur .. 
on the control d::y., which pnc.ded those on which thl a,ant WII .iv.n. Thea. 
ha,hlr tamperatur .. Ihould ruult i n hi.her lirrt-h"ul' control ,wlattn, rat ... 
wW.~h Win oblorved. SanC' tha control a.perim.nt w .... ch lubjaet1a laJ.tta1 
I.parllnc. ""ltb the ta.t .!tu.hon • • pprahlnl10n may hay. beln .. c aU.I 01 the 
al.v.tad rictal tamp.ralur.a . Apprlh.naion. howlvlr, w •• nOl apparlnt in 
tha h.art rat... Th. mOln wire lupposed to la.t before the 'xparimentl, but 
thern WI' nu contr ol ovar thi. variabll. An increa .. d blood .upply to the ,ut, 
U 11'1 a min who had aatln bruk! .. t. mt.ht alto re.ult In . li.ht ly clevltei! 
rectal t.mplratura., but relabl. inlorm.Uon wa. not oIvalLt.bl. ell .... r to l ub­
'Iantiala or tt> rpfutc ! ; ' : 01 po .. tbility _ 
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1'he reduction io l.eatinB caused by tbe S • .-B/kB don of BZ "". 
1 .... than that ca\l.ed by a total do.e (Of Z tnB of atropine tartrate (about 
}Oll,'ka)· Upropo.edfield te.t. of BZ ue 'ttetnpted, ~rtic\lLlrly in hot 
'nvironmentl. the ~,ent'. prolooBed actio .• 0 reduce .... c ... tin.I should be con­
.idered from a .afety a.peet aDi body temperatlne •• hO\lld be monitored. 
Dimini.hed 'WUtin., may co .. t'"\le for .. Ion, a. pupillary dilation end ele­
vat.d beart rate . Men. 'tIIho receive hi,her do ... of BZ than tho .. u.ed her. 
may exhibit ,reater red\lction. in tbe rate of .weatial than any of 0\11' lubject. , 
Thel .. re'\llI. with oral BZ may not indicate the c ':rrect time course of the 
phYliolo,ical respon .. if the a,ent 11 liven by another route. 

V. (c;;) CONCLUSIONS, 

The followln, conclulion. were reached: 

The effec'l of eXl!;rcile and heat do not leem to potentiate the 
central-nervoul_sYltam eUectl oC BZ in an oral dOle of 5 I/ol/k,. ~ddiUonal 
incapacitation from heat exhauI~inn can be expected, however. in about one-fifth 
of the individuals rec.ivinl this dt'IC when exereise i. performed in bot envi_ 
ronmenu. i;ven at .!l°F .ome beat casualties may occur. In re.tin, men, 
heat reluLahon it maintLined for at lea,t 6 hI' 1n the environmente telted. 

The par.sympatholytic eUect. of the oral do •• of BZ art IimUar 
to and Ililhtly lUi in leverity than tho.e of a Z-ml intramulcular dr.s. of 
atropine tartrate, but they peor'ht leI' a much lon,eor time .. 

17 
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cC) APPENDlX 

TABLES ('.) 

CU, TABLE 1 

CLINICAL TESTS USED IN SELECTING SUBJECTS :FOil 
BZ EXPERIWENTATION 

P.,nonal al\d medic«l 
hi.tory 

PhYlical ellamination 

Chan X-ray 

Hlmatoloay. meludin, 
white-blood-call dU­
i,untiel COWit 

Uruw "".lylil 

Liver fuQCUon 

Electrocardioaram 

Elactroenclphalo,ram 

Minn •• cta multiphalic 
per,onaUty inventory 

Paychiatric interview 

Standal'd 

No major 11ln ... wltbin. 
palt 2 yr 

Within normal lI.miti 

Within normal limitl 

Within normal Umitl 

Within normal limit, 

Within normal Umit. 

WUhin normal Hmite 

Within ftormal limit. 

Wilhin normal limit. 
'leal. Mlo .... 70) 

Above.avar •••• tandard. 

eelU aenfl'llt 
21 
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lUI 

(b)(6) 

TABlL Z 

PHYSICAL CHARACTERISTICS OF lUBIJ:CTS 

Ethnic 
Irwp 

yr em ka 

19 110 62 Caueu!an 

19 180 

;to 167 60 Caucalian 

4Z 191 

Phyllcal Occupation 
~oftd.itiOnin. Datl._ 

Fair Cook Il/ &4/60 
11/1&/60 

Fair 81,nal man U/19Hoc 
lZ/1l/60E 
11./Z9/60C 

Fair . l44Ichanic J/Z4!f>1 
Z/I/61 

Good Wantry ",14/61 
UlaUnl 2/ 16/61 

• 25 183 13 Caucuian Good Maintenance Z/l6/ 61 

Z4 178 68 jeauc&.ian 

18 116 76 Ie.u.:., •• n 
19 185 78 ~l.ucat1.n 

n 175 75 !Clluc •• ian 

ZO 180 18 !Nearc 
24 191 96 !caucuian 

]" ,lib in k: .. uca.i an 

man z/ z8/61 

Good au handler 3/ 20/61 
3/ 22/M 

Fair Clerk 5/ 11/61 
5/16/61 

F.':o Mechanic 5/18/61 
5/1.3161 

Good Medic 6/15/61 
6 / 20/ 61 

Fall' Telltypltt bln/bI 

Go:xl Truck drivu 6/Z7/ (.: 

Good P aratrooper 

6/ 28/61 

9/20/ "1 

I 9/'"'' 
• Flr,t dale: cont rol ~e .'". " ~cond c!ste .' BZ lett . 

Appendix 

UNCLASSIFIED 
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UNCLASSIFIED 
(UI TABLE Z leontd) 

Etlulic PhY'ical 
lnitiah "0' Meilhl WeiglaL (roup ' onditlonlna Occupation Datu· 

Y' em "' 
(b)(6 ) 

3D '73 78 Cauca.ian Fair Modic 9/1.1/61 
9/1.7/61 .. '" .. Cauc.I.'ian Oood Tank crewman 8/10/61 
8/14/61 .. '" .. C"uc.I..ian Good Clerk 8/n/bl 
8/1.2./ bl 

19 '" 57 Cauca.ian Fair Medic I/llJ6ZC 
1/17J6ZE 
l/lOJ6ZC 

ZI '" 8' Caucadan Oood Mtulic: I/la/flZe 
1/ Zit' 6ll: 
I/Z9/6ZC 

--• Fint date. control te.t., second date - HZ le.l. 
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IU) 

Dry bulb 

10. , 
I •• 
a; 

"' 
I~) 

TABLE 3 

.£,ONDITIONS OF TEST~ 

J:a.vironment 

Wet bu.lb 
Vapor R.lative Clothinl 

pn .. un h\lmidity 

mmHI '" 
79 ,. •• Ihorll 
79 ,. •• Tatipi unUorm 
75 ,. ., Shln'U 
BJ ,. 

" Short. 

TABU: 4 

SEQUENCE OF EVENTS IN EXERCISE CYCLE' 

Minute. 

• , 
J. 
31 
JB 

•• .7 
•• II. 
" . 

Activity 

Wci,h .ubJlct 
Relt lupine or .itHnl on cot 
Stand 
Run 9 mph on tnaamiU 
Stop run and r •• t 
Weilh 
Stand 
Walk) mph on treadmiH 
Stop walk and rut 
End cycle rutin, 

• '!'hree con.ecutlve cydel wlr. run on .ach t •• t day. 

UNCLASSIFIED 
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lei 

S"bJect 

(b)(6) 

Appendbc 

eeNPlBl!fft'lwt 

TABLE 5 

OEHERAL CHAJV.CTEJllSTICS O. JlE5PONSE TO ~Z lUI 

l1'\cap.dtaHon 
OII .. t Urn. 

4hr. U min 

2 h I' , II> flun 

Sh, 

H, 

B. 

S hr, 40 mill 

§ hr, 40 min 

H, 

Total time Symptoml .xhlblttd 

A. IOOoF, S ",1K, or BZ 

,", 

,", 

Sh, 

,", 

Shlhlly ataxic, lind, IIf tbl, to 1"lIn 

All .• ", cllny, Ilud, u..-bl. to .... ,Ir, 
or 1"lIn, hypn~lnlilf,tion , T,wlvlln­
vnal" .. In ECv. m\llel. 'palmi 

Atlaie, diu),. bradykinuif,., lind 
Illd ....... ,'upy, T·wlv. irwlnioft, 
hypernntUatlon, \lnlbl, 10 ... alk or filii 

"taxlc , dl •• y. b ... .tykln • • t. . Ilrn'''''' 
Ilnpy, haU""llLAtlonl, Il/l&bl, 10 watk 
Or I'll". ,.,tta"""' , milici, .,..ml 

I Oooy. Clothed, ""~~""",""5",",",/ ~lorBZ 
§ hr , 40 min 

,", 

S hr, 40 min 

,", 

Mildly alAllle, tlrad, _IUIIY, M,h 
ricta l tlmp ... hU'. 

No . , mptom' 

MIldly ,"xle •• ult, tlrad, .1 .. Pl, 
brldyklnu\I., "ilh uctll Ilmp"r. -
ture, .. I ...... 

C. 11~0,. . 

'h, 

• .., /KI of Ell. 

H, 

'h' 

'h, 

'h' 

'h' 

I $ol .. py 

I 
Alaxle , .pulllr&l h~polI"'lon, .11-
Ulf'd hlUI ratt . hl th n Cl& l tam­
l'trallifa 

hbldly .U~;" . Lind • • I .. py 

M' ''lly .I.~.c 

Mlldly.lallle. h..lll1cl"atlo"t I.llr,ht) 

r!o .ymplom. 

eenFl8E14 I iRE 
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IC, 

WEICHT L.OIS DtlamO WALJaN(; ~ . eLI: lUI 

C_..olw.I.~ EliIptorl .... u' £.,.' I .... "ull 
"''"J"cl 

E.vtl' __ .... wal"', I . .. c_rol utlo 

Jlar 14lar lUll' l>, ,", H, '"' H , .. , 
'r 1m 

(b){6 ) 
.00 • n ... ... ... 

, '" ... O • • ~ . ... , .... 
• 00 ... ... '" )I' 

_. -- I o. 9l _D _D 
.00 ... ... .,. 

'" JO' _D 0. 1>4 0." _ D 
.00 m .. , '" .... ~ >II -I 0.'1 D. !>4 _Oio ... ~ ... .. , ... , , .. I ,I< - D. '" 0. 61 -

100 "lu. cloU .. , , " " ." ... .,. 'U I no ,D,n D.U 0. 5' 
1) 0 ,Nil clot.... ~'O '" ". ". ", , .. I. J~ 1. 00 0.1'9 
100 .N. cloOo.. §§I ... ... '" .01 '00 0. 17 1 0. " !I. U 
101) ,11&8 datil.. 41 0 ". ". ... ... no 0. 94 0.61 D. 1l: ..... , .. ... 1, .. 1 , .. ." ". . ... O. Tot 0, '0 

'" I I DS '" ''' I ... ", ... .... O. U D,n 
• 10 ... .. , ... '" , .. -. .... D.U -. ..... ,.. m ,,, I , .. m - O.U 0. 61 -.. 

1 
'" I 

... II' ... ... . .. 0." 0, " 0 , 61 
15 JO ' '" '" '" I 

... ... o.n o.n 0.15 .. '" '"~ '" ... '10 ". O.U 0.10 0. 50 .. , ... '" III .,. III ... 0", O. U 0. 71 

M .. II ... m JO' , ... I ... '" 0.15 0.61 0.'7 

• N com Ii tl el. lUI 01 I' 

..'''.II'''.JIII5 
Appendix 



«) TABLE '7 

WEl9HT LOS51)Ulta.1tlltElT-.. IN CYCL! '".I ) 

Control •• laBl; Ellpuimanlal Z.perinMIatall 

S""Jed Enll1l'olU'flant 
~ .. .Ii,hl 10 .. c:oaII'O! rlUo 

Inr l l"rlShr ", l hI' ~ hI' ", lh, ,", 

F 1m 
(b)(6) 

100 '" '" '" ". 1':) ... 0.53 t;.16 l. 0) 
; 100 IZI '" '" " '" -. 0, )' D.n -. 100 '" '" '" ZOO '" -. C. Sl I. lot -. 100 101 H. )t.~ 14> 147 -. 1.40 (I.n -. ..... 011 m "I 1)7 I" - D.n 0.1' -

100 plll& clOIhu I .., '" 411 '" m '" 0.90 0. 51 O,!! 
100 pll.1 cloth ... '" >S. 50' '" m .1. I.n 0." 0. 10 
100 pb". doth .. .. , '" '" no '" '" 0." O.U 0 , 11 
tIKI pl"l c loth .. m '" '" IlS '" , .. 0. 51. 0.71 0 . 19 

M.I .. ~.I 460 m '" '" '" I. 00 O. " 0,11 
115 I "I I,ot, m , .. '" an 0,50 O. ". 0, 51 

) II< '" ." 4lI lIS m -. 0.91 0, 74 
_. 

101 •• " '5O '" '" '" ." - O. " 0.14 -
IS 55 " 147 10 " .. I. 08 0.91 0 . 61 
IS .. II' n .. " 51 0 .50 D, n 0.10 
IS I" 1.1 I" .. 57 IB 0, 21 0. 40 O, ts 
IS " II. I" " 11 109 O • • e. 0.60 0.11 

M"." .. I I, I" ." I 75 " 0.f.6 0. 660 0, 15 
-'-'----• IUl NOI comp ... ted. 

eeffPIB!n i tAL 
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............... 
!C, TABU: • 

HEA .. T .. ATE AT END or '-.. PH WA1.oK. .. C;; CYCLI: (UI 

kbject ! Cootrol ntll Expnimltlltll rlt" Expoor lmenh.1! 
E.vlronmltllt cOIItrol ullo ... .... ... ... ... . ... ... . ... .. . -

I 
aF m 

(b)(6) 

'" )/, )/, .ll 13 • ." ... 1.04 1.11 1 1. '5 
. 00 1<. us . " 16. ." _. 

1. 14 I." _, 
.00 U, 13. lSI '" '" -. I. 0' 1. 16 -. 
.00 ... ." .1< ... '" -. I. 07 

:::: I : . N.~ ... '" '" '" .61 - .... 
100,1111 clot ... 1 ... ." us ." 16' ." 1.15 I. SO I . " 
100 , 1,," clotHI ... us '" ... 13' 13. 0. 9J 0" ' 1 1.00 
lOG p)lI . clotll, .. 10' .0< .0< .16 .60 ." l, 01 I . '" I . !I.O 
100 , h1l clotll .. ,1< In '" ... ... ." 1. 10 I .n .. " 

N.~ .11 ." ." ... IS • ... I . O. I . U I. It 

II . I ... us ." ." B. '" 0. 1t ,.,. 0. 9' 
lIS I." ." ." B' 16' -. O. " 1.11 -. 

"'u .. 13' 1<. IS' U. ... - O. " .. " -.. 
I 
." 10' lOS 10. .16 U? O. " .. " I .n .. . )/ 'IS .IS "' IU B' I. 00 1. 06 I . n .. .B ." U, ." ", '" I. )1 1.4.1 1.41 .. ." .)/ '" .10 ' 10 "' 0.91 I. os .. " 

Non II. ." "' .10 '" '" 1.01 LU I.n 

• 
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eGIIFIBI!I"_ 

tel TABL!: 9 

PEAK HEART UTI: AT END O~ ,· .. PH RUN lUI 

-
CORuol nlt - hplI'irMftlal rate 

SIIbJ.ct £nrirOllmelit 

, h, H, i Oh, , h. i lb, I Shr 

F .pm 
(bl(6) '00 '" m I n. '51 -. -. 

'00 '" '90 , '", '" -. -. 
10' '" '" n, '" m -. 
'00 15. '" 15' '" 15. -. 

N.~ '>9 n. '" 15' -. -. 
, 00 pl ... 1 doell •• 

I 
m m In ". m 

100 ,I. .. clothe. '61 -" '" '60 -" ... 
100 ph .. cloth .. '" -" '51 '46 '" · n4 
I 00 ph •• cloth •• , '" 15' 1,,2 , .. '" .. , 

Mean '" - '" "' 
_. -

'15 I 
n. '" '" '61 In In 

'" '" '"~ '" n. n, -. 
M .. 1'I '79 '" II. m '" I -II '" '" '64 ,It '" .61 

15 '64 ". n, ". '" '90 
II -" -" n' ,,, 

'" '"~ 
II , .. "' '51 '" '" '16 

M •• II '" '65 '>9 '" '" '" 
• com III,d. lUI Not , 

C9NFIIlENTh\L 
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eel4PiDENTJRL 

. TABLE 10 

RECTAL TI!WPJ:ItATtlR£ AT l:ND OJ "AU( CUI 

C_rol lem~r'I:.In ~ c.,.erlme.tal I_,..r.lllr. 
Subj ect En.l rOfiflUIII C d • , ...1 • J , • J 

of of (b)(6) , .. .... 100. " 101.4 100. 5 100. ' 101 . J , ". 101 • • 101. , 10Z. 1 100. 1 101.5' -
'" 101 . Z 101 . 3 101 . 6 ".5 101 . 1" -
'" I 100. " 100. 5 100.6 100. 0 Itl. 4 -

M .... 100., 101 . 1 Itll .• 100.1 101.5 -
100 plul clOlh .. I 100.4 LOO.l 100.0 9~. , IOl.4 IU, U' 
LOO pi ... clolh .. I 100.4 101 . 0 100.4 ,.. ? .... 100.1 
100 pi ... doth •• I 100. ? 100. 6 100.0 100. 0 101 . 5 101:. 1" 
100 pLu, cloth. , 11iD. 4 100. 6 101.6 ,.. J l OG • ., 102. 1 

M.~ 100. , 100. 6 100. 5 " .. 101. 1 101.' 

'" I 101. 4 101.5 10l. 1: .... 100. 5 101 • ., 

'" 100.' I 100. 6 101 • ., 100 • ., 10l.6 -
W .... 101 . 0 101 . 1 101.' 100.3 101.6 101 • ., .. ". , 100. ' , ,. .. I 100. 0 " .. 100. , .. 100. 0 100.0 .... .... " . J " .. .. IOO. ~ 100. , 100 •• ,. .. 101 • ., 101.4 

" 100.4 100. ) " .1 100. 1 n. , ".J 
Wu .. 100.1: 100.4 .... .... 100. 1 100. J 

• (ul lI11n" mla o1I10·Ml. "rc", 

•• lUI Aillf' 100 ""1'1. olIlO."". cyd • • 

111111 .. 1."""" 
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TABLE II 

all£ IN MtAM IIODY TDiPUATUk. i)ua!NO WAUCINO CUI 

Co'''o' 

~ "";",1 EnvirONllOllll .. o • 
(bX6) • 00 •• • I.. •• • ••• ••• I • •• .00 •• • .. ) I. , I •• I.~' -

I .. I •• I .' I. ' ••• 1. 1" -
'00 ••• • •• ••• .0. !- I. , -.... " .. , I • • I.' ••• 1.1 -

100 pLu, c loth .. 

I 
.. ) ..) ·O. l ••• I . ' ••• 100 ph" cloth .. •• I •• I .0.5 •• I ••• '.' 100 pllil cloth,. ••• ·0.1 ••• ••• I.' '. , 

I GG plu.. cloth .. .. , ••• • •• ·0 . I .. ) I. ' ...... ••• •• I -0.1 .. ) .. , .. , 
'" I •• • ' .. •. , 

' . I •• • •• • 
'" ••• I . ) •. , ••• I . ' ••• ..... ••• ..) .. , .. ) I . ' I •• .. ••• '.1 - 0 .• ••• .O,l • •• .. •• • .(1. 1 •• • ••• • •• • •• .. •• • I.' ..) ••• •• I I • • .. -0,1 ••• • • I •• • • •• • •• 

Mun .. , ••• -0. 1 .. ) ••• ••• 
• lUI "". ,UrNllvi IU.m&a CyCIi. 

,. lUI Aft., 100 WIla of UO·...u. cycl. , 

lef.PIB!NTI"L 
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~E 

AVERAGE IIUN TEMPgATUaEAT EM) OJ' WAut lUI 

• I COIIlr.1 '_,.raN,. la,ulM •• ""lt...,.r"""r • 
... ;.cl tllrir_ ... C)'CI. 

• I • • • I • I • 
(b)(6) 

'F "T 

• 00 '5.l ... , • .. , . . 'S.4 96.1 .. .. • 
• 

I i .00 '7.5 ".1 91.1 91.6 ",4 -. 
'00 ".,l. 'I'. , 9'.1 .... ".J -. 
.00 .... " .. ".1 .. .. n . , -. 

N.M .... I .. .. 96. , .... ".1 -. 
I 00 ,hll doth .. 

I 
9S.4 .. .. M.' .... ".4 ",) 

100 ,lu, clOl"', '5.4 .... .... .... .... .. .. 
lOG ,luI cloth .. ,/I.' .. .. 96.0 .... ... , n, ~ 
101' ph,. <:I.h .. ... . .. .. 96 •• ... , 95.5 .. .. 

W.an .... • 95.1 '5.' '5.4 96 •• n ... 
II. I fl ... 

.... '7.1 'IS.' n . , 91.0 
II. tl.O .... 91.S 91.1> ? ., -. 

N.~ 91.1 97.1 91.4 ... , 98.1 -. 
IS n ,D n.: 'I,D I ' l .~ ".0 n . , 

" n.1 n.1 '1.: n. S III) • • U . 1 
IS 91.1 n.6 - 91.' 9'1' . '7 91. S 
IS no. n.) 91.0 n.) .... .... 

M.an n.: 9l.1 91.4 9j.~ .... .... 
• ct. ,,\II. .. om .. l.t .... , lUI e., p 
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TABLE 14 

E."FEeT OF Z we ATROPINE TARTR.lTE ON HEART 
RATE OF WEN ED.eISINCi I . I DoaF 

Heatt rate 
COIltl'Ol E~rimeQtal Control Experimental 

Run Relt Run .1 aeat walk walk . bpm 

A. Clcle I 

lb, lb, .. , B' .. , I II • .00 160 
IB, " .16 .00 m .. , 

•• Cxc1. 2 

l1!! • h' 

155 B. I1l lSO .00 133 
111 •• ". II. .38 .41 

C. Cxcle J 

, h' • h' 

156179 '" " 118 "' 179 103 ... " .43 ... 
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