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/J'Je:tabo.llc. (oMi.de.JUdi.oM Jn 5chi..�� 

f.,LL�eilt lnai..e.tt flelJM.lru 

Uni..veAALtg. o! Neh11DAka Coll.� ol lfieilci.n.e 

WAl.ll.en. Unde1t. The {)i.A£,c:Uon. Ot 

01te �u.c1w.e1.. CQ/Ole1t 



I nhlodu.cii.on. 

Ai. ih.e iwui of t1te 19:th. cerdi.uuJ, KMe.plln. /J-Mi ruCALbed. 

demerdi..a pJtaecox,· ( 1) :th.e name 
11,M:ft.l$('p/uz.enLa11 

ux:u, �ven :l:o i:lu.A

ril.AeMe compLex b!f CULJUL 81.eule1t. Ii l.lKIA 81.euleA. dw de4CA.Lbed.

i:hi..4 di.4eo✓.Je -do conmemollObl!f and hiA defi-ni.:tl.on. iA <t,U<Ji:£.d luvte..

Bu- :th.e i€1l1Tl. '"'demenii.a pJtaecox.'"' oil. 11114ch.i...
3t)p/uu!ni.o.1111 

we d.� a 9,AOup of P4!fclw4e.d ldl.o✓.Je coUMe iA at time✓., 

duton.lc, at i:imtM 111LlAk.ed. b!f � ai::taw, a.nrl.
uALch. can. ✓.Ji.op oil. A.dAofJ,ADd.e ai:. OIUJ- � but. d.oe.d no:i. 
� a full � od. �- Th.e di.4ecue. iA
�� b!f a 4peclfle, 4-Pe of aUe.tto:tlon. of 

i:h.i.nki.ru;, leeli.ru;, and �n. :to :th.e exi.eMol. ,wAk/. 
uALcA appeaM M IUteM. ewe i.n. J:hi..4 pcvril..cul.tvt f.w.,hi.on. ( 2)

The f.undamenxal ,dvnpi:om,:, coMl.Ai of �av., o/ 
aMCci..ai1..on. and a/lec:Uvi:hj,, ilte pJte.dil..e.cfi.on. {o1t fm,:i.aA!f, 
M a.g,in,di:. � and t1te i.n.ellnrdi..on. :l:o di.voll.C£. oMAel./ 

p,om JUUJli.tg, (au:1.i.An). F wd:lieAmoA£, we can. add. ih.e ab✓-,en.ce. 
o/ ifw4e VeJlJJ 4� uiu..dt pl.a.y. 4Udt a� AOle i.n. 
<:£lli:.ai.n. oiluvt. r:LiAeMe/.J 4Udt a plU.lflOAIJ diA�an.cu of
�n, oALenh:z:,t,wn. and rnemoJUJ,, e:J:.c. ( 2 

The ll£4emu:lt 1.nJ.o i:h.e f!SULJ.W<)JJ o/ 4d,.;_"i"p/uu!ni.o. 1A p<Jld. of 

:th.e new appAOach. merli..cal /.Jclen.ce. h.aA taken. :l:o men:tal. .i.11M,,.,4. 

'h,!l-diob1..olo<Jff i.Mw:xl. o I p✓.,g.dt.oanru.tJAU 1A i:h.e ul.ii.mak ai.m 

of P4U-du.ni:AJ; M a ✓-'clen.c.e.. (3)



•• • ✓-,ch.i..p;pluwu..,a Ld a ien.e.ii..c Lunl.i:.atwn, i.n.vol.vi.ru;f 
pan:ti_culaA. ell.&';fl?(VJ -wL:l:lu.n. fh.e bllai..n. Oil Weiduvte i.n, fh.e 

o~ In ih.e /oil.CR, of- en.vi..AOnmen:tal 4Vl2441 4uch. 
.luni..iaf.i.oM beCL:Jme p1Wrni.n£n:I:. and mei:aboli..c pllO<iuc:ld 

accumul.ai:R.. Th.e f4!f-ch.o4Ld wel..f J.A Mh.evted. i.n, b!f 
ih.e 4eMOIUJ diAioldi.oM, altevted. feeluu; 4i:.af£A and 
h..all.uci..na:li.oM 40 ind.uce.d.. 5ul:M~!f uiten. ih.e 
pai:i..eni:. a:l:i:Rmp:& io Mconci.l.e hl1 pll£4en.i. ✓-,i:a;te w.L:th. 
hw p<14:I:. expw-en.C(VJ, ih.e diAolllJG!U-pi:f:.wn op CLJ;d,i_cal.. 

fun.d.i.on be.rJ,i-M. (If) 

Th.e CL:JniMVeM!f- ove11. ih.e e.11..ol.o<;J!f of ✓-,ch.i..p;pluwu..,a 

be.<jOII- uiten. KMepli..n. ~:I:. d(VJCAi...bed. demeni:i..a pMecox. and Ld now 

apfu.ll almo✓-,:1:. 4even. decad(VJ ✓-,:ti.JJ. unll£4ol.ved. ( 1) Th.e au:th.o11. of 

:l:hiA pape11. bellev(VJ ih.a:I:. ih.e p,J!fch.obil.o~c vi.ew poin.:I:. io~ 

ih.e e.:l:iol.o<;J!f o/ 4ch.i..p;pluwu..,a i.A ih.e mo4:I:. p1Wmi..Ai.ru;f ioUXJ./tfUJ 

ih.e ul.:limo.;te 4oli.di.on. T hiA pape11. Ld an a:bl:£mp:I:. io Mv i.ew ih.e 

~ on ih.e llR.4ea/l.Cft done on ih.e mei:abol.i.c Mpec:ld o I 
4ch.i..p;pluwu..,a l.n, ih.e !feaM 1955 - 1967 • 

II 



p/l/XlUCM ol ami.n.e-1. Th.e p/tOblem-1 o! all.empJ:1.nrJ :to di.JI~ 
beiween. we exa.CVlba:11.oM ot /.Jdu..3<)~ and mvie :toxl..c 

f4!fclio✓.11A, h.owe.veA, made u di./fi-cull m ati11i.hu:te :th.e ~ 

m one fac/:.o.14 ( 5) 

On ano:th.vt ✓.1:lud!f- eLg),;t clvwn.Lc ✓.1chi..p>p/2.Jwu..c paiLeniA {1A1:l 

ll.eCR.i..ved a rni.x.iult£ o t me.1:Awni.ne and. VllJ?mp/um. :l:lvtoWJMt.d. a 

4 

P-day peAi.ixl.. T!te biolo<JLc ami.n.e /.Je/tOmni..n 1A fo1med. {Mm VUJpmp/um. 

and i,,J 1.mpalli:an:t M a flR.J.J./UU ~ 1 n can.p<VUAon wU:h.. coniAol 

val.ll.e-1, i.nCll£.MeA i.n WUJUVlJJ VUjpi:.ami.ne, 5-/upAoxyi.rubleace:ti..c 

acid. (5-IIJAA) and !-me:l:h.yl.-n.Lco:li.n.arnu:l.e ocCU/lAR.d. i.n ll£4paMe m 
VUJPmp/um. i..n:i:ah.e bui:. wU:h.oui:. aru; 4liJIU-fi-can;t ll)')MenJ.m;;, of :I.Ae 

P4!fdwil..c /.JfJHlPiorM• 7 h.e exCAR.i.i.iJn lli:d:.e o I Mll.epi.ne.p/vu.n.e, 

<Jfll):th.vt i.mPolli:ant. newwlwmo11., {i.Mi /tO/.Je and :th.en Jt£:JuAned. 

m cord:Aol val.ll.e-1. fp.i.n.e,p'vwte and 1h b~ pAO<iuci., 

vani.lmand.eli..c acid (V~1A}, dJ...d Mi ✓.1/tow con~Lve ch.ang,e-1 

but. i:h.e exCAE.i-..wn of dopami.ne appeaAR-d m i.nClll!..Me. lite 

ex.CAR.i.i.iJn o t 17-kem-1:le/tO.i.rM llRJ7l01.nR.d tUl.c/umr;Jed. and :th.at 

o I 17-/upAox.!fcoldLcoidA dtowe.d. a ✓-1.LL# llRLiuclwn. (7) 
Af,t:.vt a izw-monih. 1.n:1:R.Aval :tlie /.Jame cywup of paiLeniA 

ll.ecei..ved :l:.Jzaiujl.CJJp/tOmi.ne, ano:!:h.eA. monami.ne ox.ir/.cv.,e iJJulJLm11., 

i.n combi..ru:di..on wLth. i.nC11£.Mlllf} do/.Je-1 of OL-me.:th.Loni.ne. Ali 

/.Jeven. paiLen.::&., uiw lol.eAtd:Rd. .P lo 4o tJ o/ Dl-me:ilu.onJ..ne.. pvt 

elm; /.JMwed a modvw;te lo ✓.1evvie i.n:i:.ErwLfi-c.a:Uon o/ :I.Ae i.ndi_vi..d.ual 

beh.avio1t pa;f:1:-e.AM. T!te combi.n.a:l:ion o/ me.:th.Loni..ne and !M(JJ 

ll.e4uli:Rd. Ln a <JAEfdvt WUJUVlJJ ex.CAJd:i..on o/ VUJpioplum. mel:n.oolJ.;:/:.eA 

i:lu:m :th.at obiai.ned. uAen. only, :th.e ~JI{)/ iA admi.ri1Ai:R.A£d. T!te1e 

WUJUVlJJ 1.n.Cll.ea/JeA all£. :I.Ae ll£4ult of me.:th.Lonin.e:...Lnduced, 

€XOtJeMU4 ltJUe.a/Je,j of VUJPlop/um. {Mm bod.!f p/tO:i.ei..M i.n~ 

:tho✓.1e o/ mwJcle M iA i.Ju:Li..ca:i£d. b!f e/..eva:11.oM o/ ~e 

concornJ:.anil.!f- 'Pe.oh ex.Cltldi.oM o! VUJpfup/um. mel:n.oolu.eA 



Some ~pec:IA of 'PM:tein. /r1e:ta6ol,u.m hi Sdu.."ffeph.tumla 

Th.e po-1-11-biJ.1.:b; o I a dw:l:uAha.nce i.n.. ~ei:Ju;l-aJi.on i.n.. 

-1du."ffepvt.enJ..a llJO/.J /J-Mi 4ug,<Je4ied. i.n.. 1952. In i:h.e h.ope. o/ 

i.n.hi.bi.:luuj me±Ju,;lai:i..oM i.n.. :tAe body., admJ..niAi.Jw;/:Lon of ni...aci.n. 

and ni...acuwmi.d.e, uhl.cA aAR. mefJu;l accepi.oM, llJO/.J :bti..ed.. 

Th.e clLni.cal. impMvem.e.n.iA -1een h.ave noi been confvuned.. 

Wh.en 1-afiffe d.o-1e4 of 1-me:fiu.oni...ne and o/1£Wla/Uj- d.o-1e4 of 1-pMni...ap.d 

IJJe/l£ admln).Ldvw:i i.o dvwni...c -1du.."ffep/vteni...C-1 i.o l.eamz. uiieiAeA. 

po-1-11-bl.e i.n..CA.ea/.Je4 i.n.. :tAe amou.n;/:✓.J of me:JJu;i.aied. 0/TUJlR.,,j t.Wuld. 

po:l:.e.n.iw:te a -1du."ffeph.tumlc pMce-1-1, only. /owt of i:h.e iwelve 

-1du."ffeph.tumi_C-1 i.o uiwm :tAe-1e compoundA tJJellR. admi..ni.Ai:.e.M.d 

dem.oMi:Aat.ed. a bALe/ i.n..ieML/1-caiLon of i:h.ei.A i.llne-1-1. (5) Th.e 

monamin.e o'X-i.tuJAe i.nhl..61-i.o/l. (/r1IOI), i.pMrua.3-1-d,, llJO/.J ex.pecied. i.o 

-11.ow ami.n.e cn:l.abolwm, and Li llJO/.J felt :tAai :tAe me:fiu.oni...ne load. 

mu;;Jd. f..avoll :tAe fo/l/Tlai:i.on of mefJu;laied. com.poundA b!f UXlJJ- of i:h.e 

~ enVlt)'J compound., S-ad.en.o-1yl-ne:fiu.oni..n,e. Th.e (II 5 s+ bond 

of 5-ad.en.o.-:,yl-me:fiu.oni...ne 4Vl.Ve-1 M :tAe m~ CJJJ,eni 1-n :tAe 

fo/l/Tlai:i.on o I i:h.e fUJ/Tle/ltJU,,,j mefJu;laied. compoun.M -1ucA M Clleaii.ne, 

cAo.LLrie, and 01Vt£rl.<W.Jle. Ii ~o -1VtVe4 i:h.e pm.cii.on of d.e:lxi./J-caiLon 

o I amiJl.e,j b!f 11X1!f o I mefJu;la:iion. ( 6) 0 I .-:,evei:.e.en 4 du. "ffe ph.tumle-1 

-1h.o i..nl),e4:ted. me:fiu.onine and i.-10X.!fCM.Dox.a.3-1-d-, (on /fVtOI} iwo 

6ec.ame cleaAl..!f moll£. p4yclioii.c and a :!:Ai.Ad. appeaM i.o h.ave Maced. 

l_e-1,1 "1~!f- Th.e effedi.venE-tJ4 of :tAe monami.ne ox.i..d.Me 

i.nlu...bi.i.oll. (/r1/()l) llX1/.J d.emoM:lrtn;t-zi_ b!f M4G.lfU'I'} lllUJUVUJ ex.CA£i:J..on 

o l- :bu;p:1:ami..n.e andi..nd.ol.eacefl..c aci.rl. uiu..cA aAR. :tAe ex.CA£.i:o/Uj-



OJi.n.ci.d.ed. i.n. ✓.1ome i.rv.dxm.<:£4 wi.;:1-}i_ ilw✓.1e of U/U..n.aA-!f 17-kei:o✓.1:tR.Mi.dA 

(17-KS). t~ei:lunni.nR.. wi..:fA an. /t1rl()J maJJ ad on beluivi..o1t :l:!vzough. ih..e 

/l£.le.G/Je of i:AJJ.pinrJum. wU1t a OJncomLtnrd acaunulail.on of .i:i/4due 

Vlljpi:ami.n.e-lme pJ!fdw:l:.omim.e:li...c. ✓.1ub✓.1ian.C£4. Th.IA Ld 6e<:rJU/.Je of 

ih..e l<lAl)e numbeA. of mei:lu;l <JMUpJ made avaiJ.able b!f ih..e 

me.:liuon.i.ne l.oadi.ng,. T IUJ-piami.n.e appeaM io be ih..e OJrrmon 

3 
I 

d.enomi.nato1t µi1t both. meih.Loni.nR.. and VUJpiorJ,.an. i.n. caMi..nJ;f beAavi..oMl 

~M i.n. lwnum½i i.ri. tk. pAMence of an ~1A01. In ih.e ab✓.1ence of 

an. frVJ[JJ, ih.e lack of beAavwMl vaAi.o:1:1..oM i.ri. ~n io ami.Jw 

aci.d. i..n:tahe AMul-1-A du..eµ!f /Mm ih.e {-act th.at U/U..n.aA-!f :bujpiami.n.e 

th.en Ld d.vu..ved. pzom (Aee pl.a4,na :bujpiorJum.. Th.e OJrwtoAWUJ 

beAavi..oMl AMul-1-A of ih.e :liw MpeW of :th.i.A /.Jiud!f wul.edi.n.e ih.e 

ne~ of an. /11AOI µJll. md.uctLon of h.eAavi..oMl vaAi.o:1:1..oM b!f 
• _, J. (7) 

omuw acc..a/.J. 

Arwi:h..ell. <JMUP of IWM.ell/.J uiw expeJlllfle.rd£li. wi.:fA me:/:h_wnl.ne 

admi.n,wiAa,;l;i._on gave ih.eiA nine mal.e ✓.1du..~plvzen.LC/.J OL-me:/:h_wn.i.ne 

at :luv d.o✓.10f]e levew O I ;;r; and 40 g/70 kr;. 0 f bod.ff wei.gkt i.ri. canbi..na;l:1..on 

wi.:fA MOX.!fcaAbox.ap..d., an. lr'IIOI. In ✓-'even of ih..eiA ni.Jte pa:1:1.e.n:!:A, 

on boih. d.o✓.10ffe levw, maM.ed. beAavi..oMl chmuJe✓., WVt£. ob,✓.,vzeved. 

ufu..ch. <VI£ d.e✓.,Clll.bed. i.ri. ~ of :aw componf!.11.iA. One OJmporwii. 

uw duvw.d:ell.L~ b!f 4!fllpiorM OJrrmon d.wti..ruj, iJdoxJ..cati.on M 

exempli..f!Led. by. eur:Ju:J/u..a., Aomnolenc.e, d.iAoAi:.en.:f.a-lion and con{Lt4wn, 

uluJ.e ilte oih..eA. component appe.<JARd io be an o CCWVl£J'/.CR. and. 

~n o I i.ndi..vi.d.ual. pJy.dw-pai:lwl.ogi..cnl. ✓-'bfflpio,M• In 

ie.n£.llal the acCR.1'1d:ua;ti_on of i.ndi..vi.d.ual. pJf!-dwpa):/uJ uw moll£. 

✓-'evvze WW.eA. :l:Ae !w;Ji d.oAe✓., of OL-me:l:h.wn.i.ne :l:Aan. WW.eA. :l:Ae 

l.ollJVl. d.o,1e. l/2.e✓.,e auilwM al.Ao /el.± th.at i:h.e i.ri.CJt.eMed. i.ndole✓., 

d.vu..ved. {Mm :bujpi:oplwn. and an. elevated.. level. o / meiJu;I. <;JMUp-1 

donated. by tM. mei:hi.onJ..ne moJJ f.aci.l1.:ioi:R. ilie (.nlUTUW..On of 
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N-N-di..mdJUfl-a;wl_ i.nrbl.e.arni.nJZ4 uiu..ch. (1/l£. po:ten:t fJ-1!f-dwio<JenA• 

Suppolli:. -µJll. i:hi.A con.cl.uAi.on. hM come fAo,n -Ax.euwd. uiw hM 

demorwi:Aated. i..n. vi.;uw ✓-,:i:udi_e✓.:, i:Aat N-lv-<Wn~n. of 

Vlljpiami.n.e and. 4Vl0ion1.n iA i..nd.eed. accompli.A!te.d D!f- mommalLan. 

i:LMueA. ( 8) 

L-Jol.a:led. abnomwlJ.He✓., o I meilu.oni.ne meiaboliAn may, 

appe<vt- a4 beh.avi..oA.al.. abno111110i.Lti.eA. A ;/1-..!f-e.aA-old female 

wLi:h. a hwun defed in me:i:Awn1.ne meiabolu.Jm and. homo Cf!A:li.nuA.La 

-1/2.owed a/fedi...ve i.nappllOplU..aiEneA-1, au::tiAm, l.oo/.Je.n.i.ru;f of 

M/.Joclai:1..oM, con.CllR..i:.e. ~ and at tAe. i.i.me ,1/2.e UU/.1 ,1e.e.n, 

pcvtaM.i..d del.uAi.orw. ThiA UJJmaJ'I. had been. di.at;rw,1ed. M a duwni..c 

undi...ff~ ,1du..30rJutenl-c afi:.vz. hav.uu; been. ob/.Jell£.ve.d.. -1i.x 

mon;/;M in a p,1!f-chi..ahu..C do.,; C<1A£ c.en;/:£A. T/u.,,,J UU/.1 bep;M :/:h_e 

m<d.h.i.on1.ne dwoMell. UU/.1 dwcovell.e.d... (9) 7/2.u., meilu.on1.ne diAo,,,d,vz. 

l.ear.M io WUJl.allJJ- exCA£ii..on. of h.omoCtjA:l:in£.: li:. i.A alAo -µyund. in 

plMma, /.Jlll)<Je✓.:ii:lruj iAat :lne ami.n.o aci.d.wu..a iA i:h.e JtJVJult o I 
ovvz/).ow M:IAvz. :lfum. M a llRAult o / a P/U.ITla/lJJ A£n01.. iubulall. 

de/ed. ThiA compound, homoCtjAi:1..n.e, iA no:l meiabol.i.:~e.d.. along, 

nolllllal. ~ M a ll.Muli of i:h.e ab,1en.ce of CIJA:i:.a;/:h_wni.n.e 

/.J~e i..n. :/:h_e l.Lvell.: Lt a.ppeaM :l:lu:d. tAe. di.AoMell. iA i:.AaMmi.H.e.d 

M a a.uio-1omal /l£.C£./.J/.Ji..ve i:Aail.. ~ a JtJVJul:l o I :th.iA de/eci:, 

CtJAicd:lu.oni.ne 1..-J ab,1e.n;t /.Mm tAe. bll.ai.n.. UJ4icd:lu.oni.n.e /2.a,,J no:l 

been. found M a compon.e.rd of Gil1J -1:bt.uctwwl pllOiei.n. and. /2.a,,J no 

krwun. {un.c:li..on. o:/:h_vz. :lfum. :liud. o I meiabol.Lc i.Jde.Jllne.dl..aie. Th.e 

beh.avi.oA.01.. ,1.ign1-{1-COJ1.ce of l.ow l.evw of CtJAicd:lu.onin.e in cvdai.n. 

i.LMueA in MmDCIJA:f.i.n.tvti..a ::l:h.w.J IWTl.ai.nA uMJwun.. Th.e nottmal. 

pa:ffuai.y. Of me.i:h.wnin.e uAi..ch. l.ead.4 t.o CIJA~nl.n.e 1..-J -1/wun 

/.J ch.emati..ca¼f in F i.fJ. I. T h.e ~ o I ih.eAe a// ede.d.. pa:l:i..en±A 

h.ave on.e-h.al./ tAe. nottmal. en.P,/'1-e aciJ...vbbj i.n. :/:h_e l.Lvvz. 



Feai:wz£4 of ih.e h.omoC1,J4ii..ru..uu..c /.Jynd.Aome mclude merdal.. 

lld.altda;lwn., eciopla l.entiA, f-a,iA /.Jki.n. and h.aut, mal.aA. /J.w.,h., 

9-enu. val.glmi, o/.Ji:.eopa/lO✓.,-W, and /M-C(flen:tl..!f- a hi.Ai:.olllJ- compai:i..hle 

wi.iA /.Jpani:.an.eol14 vMad..cvz. ih./lOmoo/.Je/.J. Th.e bi.och.emi.cal. 

alivud:.LoM iJt h.omoC1,j4ii..ru..uu..a u1i.,;_ch_ rn4Af p~pa/.Je i:.o 

✓.,du._'gt}p/vtenJ..a O.ll£. po/.J/.Ji.bl_e VVWM iJt ~-me:llujla;li..on., 

ih.e aD/.Jen.ce o / C1,J4i:.a:l:hl..oni.n.e {.Mm ollfli_n W/.Jue Oil, a A£1.cdl...ve 

C1J4i:i.n.e de/J...ci..en.Clj- and exce✓.,/.Ji.ve level.A of me:l:luonJ..n.e 

mdaboli.i:,e✓., /.Juch. M h.omoC1,J4i:i.n.e. (9) 

M ,nJ..n.e 

+ /.Jvu.ne 

5 

(H} ( i:.o me:llujl pool.) + h.omo~i:.elne 

li l Cl,j4i:.a:l:hl..oni.n.e 
✓.,yni:/2.ei:.a/.Je 

lwmo"lf'-WU' ✓ qJA~nin.e 

C1,J4ielne + lmo✓.,ewie, 
Ji 

Cl,j4i:i.n.e 

Fig,. I 

Th.e compaund. Dl-me:l:h.wnJ..n.e-d- /-,aul. fi;x.i.mi.n.e ( /r150) lLKl/J 

9,i-ven. oMll!f- i.n. M/.Je/.J ~ f.,,wm :JXJ mg, iwi.ce d..ail!f- i:.o 

;no mg, 9,Lven. fi;U/l, :wne✓., d.ail.!f- i:.o nJ..n.e ✓.,cJu.."gO~C-1 and 

a coni:Aol. 9-/ltJUP of nJ..n.e non-✓.,c/u_'gt}~ca. Th.e iwo 9-MUp✓-J 

WVlR. o II all oilte/l, me.di..ca:ti.oM and WVlR. on an i.d.en.ti..cal d.i..e:t. 

Th.e ni.ne vol.uni:.eeM on AfO uiw /.JeAYed. M coni:Aol_,a ex.hi..bi.i:.ed. 

p✓-J!f-ch.o:l:i..c man.i.fe✓.,i.a.ii.oM, 114uall!f- P/UJT10./UJ /.Ji;np:l:.omai:.ol.ow 

/.Judi M aJ.Cti.An, ih.o~ depJU..va:l:i..on, di.AiJ..vdJance✓., of affect:, 

bl.ocki.Ju; and a/.J/.Joci..a.ii.on defeci:A. Seve;w,l of ilte vol.uni:.eeM 



diApl.a!fed. well. developed. -1econd.wu,;- -1ympi.orM, i..n.cwrLi..nrf -1eve;ie 

cai.aioni.a i..n. :b.w and. MJeAR.nii..al.. peMecui:.ollJJ -1ymptmv., i..n. /,i_ve: 

i:Mee expeAi..enced audU:oA.lf h.aliuci..ru:d.i..oM M well. Ali. i:.en 

-1dti..~p/vt£.nl-e:, manJ.,le-1i:.ed. -1ome di.mi.n.ui:i.on o/ oveJti:. -1econd.<1A!f 

P4!fcho:tl..c -1ympi.orM, bu;t i.mpMveme.n:l llXl4 mo-1i:. pMnoun.ced and. 

coMi..Ai:.e.n;l iJt :l:h.e aflec:ti..ve -1r),.e;ie wUh. en/um.ceme.n;l of abi..JJ..:b; 

io ll£1.ate iowaAd peMonn.el. and cwu..cal. exami.n.eM ~ 

i.n.:telll/i..€Jl)..,j and. i:.e-1:ti..n.rJ. /f'Jerdal. .ait:J;/:w.J ex.anv.1, howevvz., 

diAcl.o.aed. mi.n.o1t memo/t.lf i.mpaume.n:l i..n. mod pa;f.i..enh and. conhwl.4 

wUh. le-1.ae1t d.o.ae-1: pMnoun.ced memo/t.lf i.mpai.Ane.n:l i..n. boi:h. cyr.ou?4 

on i:h.e l0Ag,e1t d.o-1e-1 llXl4 noi:.ed.. ( /O) 

{, lechwencepha.w(j-AO-p/u.C ( (ffi) ll2.CtJllt'M done on ✓.,du.,~ p/vt£.nl-e1 

and conhwl.4 we;ie all nollllla,{ bep;A£. :l:h.e .aiud.!f l1XL1 beg,un.. A{kA. 

/1150 ail conhwl 4ubjeci:A hod. abnolUnal {f.,<i 14 b~ uilh. :l:h.e 

f.owz:IA day. o/ medi..c.aii..on. T/2.e cfumg,e-1 .ll0l11Jed. {.Mm mod.eA.a:l.e 

.d..owi.Ju; io pMvale.n:l f.ocal. pa;wxfPOOl 4low ac:ti..vi.i:.JJ, ex,pecLal.1!f 

ove1t ih..e wnpoMl. lobe-1. T/2.e fl<; 14 of :l:h.e coni:.Ml 4ubjeci:A 

llR.i:wuted. io rwJUnal aµeJt :l:h.e medi..cafun h.ad been 4iopped. /.o1t 

.ai..x d<1.!f-4• None of :l:h.e $ ll2.CtJ/lfUJ of ih..e 4dti..~p/vt£.nl-e:, we./l£. 

abrw/1/llal eli:Aett. bef.oll£, aplen. 01t uiu.l.e :l:h.ey. well£ on {}150. ( !O) 

T !UJfJiorJum., .li.ke me:thl.onl.n.e, L1 an eMeni:i.al amino acid 

/.o1t luunanA. In 0Ad.e1t io u.ndeM:l:mu:L ih..e i.mpoJda.nce o I VUJpio p1um. 

iJt CtJMi..dvw:ti.oM of 4dti..Jap'vwua, w meiabol..i.Am mu-11. be 

u.ndeM:l:ood.. A .adteme claAi..f!fUUJ :l:lu.A L1 .ah.oUAt on pag,e 8. 

T JUJpiop/um. 1..4 i:h.e omly. ami.n.o acld. uilh. an i.ndole nucl.etuJ. (G} 

{,xami.nn:ti.oM o / Wti.n.e 4ompl..e-1 p:xn pailen::b.J exlu..bli:1.nJ; 

Vo./UJJU4 i..ncompl..ei..el.!f de-1<:Ai..bed di.AeMM ll2.cenfl_!f ll£.vealed. an 

abno~ i..n. amino acLd exCA.eii..on i..n a chJ.J.d af /ected. b'J a 

4eve;ie merdai. condi..i:i..on 4Uf)l)Mii.ru; ca.di.An. Tlzi.4 abrw~ 

6 



7 

l1XJ/.J al.4o d.e.i.eded. m :tfte $f'JUIU}e.Jt 4i.J,lin.g, of :tfte pa;U,en.i:. 

aLtlwur;h- :tfte ✓.Ji..6ling, diApl..ayed. rw abrw~ in. menxali.:b; 

aJ:. ihiA iime. & /.JMun. on pat}e ei...gh:t, one rwlttn.al :vllfp:w ph.an. 

pai:/wxuJ 1..4 i:Mow;;h. /onmati.on of 5-flydAOx.~e uiu..ch. 

1..4 exCA£.i:.ed. m i:lte Ll.lU.fl.e M 5-/upMx.f!l-ndoleaceii..c add. ( 5-fl IM). 

Altlwu<JA :tfte pa;l:i.en.i:. hod rwlttn.al 1-eve.La of i..ndol.e me:labolil.e✓., i..n 

he.Jt uaual. envi.AonRlen:I:., 4/2.e appruwd/_!f- 1..4 lJ.m,U;ed. i..n h.e.Jt 

ab~ io conve/d i.<vtrfe gu.an;lULe✓.J o/ hu;p:l:vp/um. :lluw~ :tfte 

pazhway 1-eadl.ru; io ex<:.JUdi.on. of 5-/upMx.~1.eaceii..c aci.rl., (5-fllM}. (I I} 
• 

5i..nce rw example 1..4 krwun. m uiu..di :aw enwn,e✓.J CIA£. unde.Jt 

:tfte conhwl of a 4imJ).e c;en.ei:i..c l.oCUA, :tfteA£ may be pa.A,fA aJ:. 

uiu..di :tltei.A ✓-,i.ml.l..OA ✓-,htuci:.wr.e4 could be 41.tnu/..aJ:.eneoual.!f mfl.uenced. 

/.Judi M m :utal"IApo.td. aCllO,M memDllOfLe✓.J, ult.ell£ :tfte mech.anLarM CIA£. 

~en..tl.y j_e44 4peci..fi-c. Tw wul.d. Aeqp.iAe a 61.ock 4Ub4eqpen.i:. 

io vu;p:fuph.an. -1mce :tfte k~e pai:lwxu; 1..4 U1U1.ffec:te.d.. ( 11) 

In ihi.A 4tud.y, an 18-mon:tlt-ol.d. g1Ai. uAo l1XJ/.J di.ag,rw4ed. M (1}.l;/:L,j:li.,c 

l1XJ/.J l.oaded. wLi:h. L-:ou;pioph.an.: /.Jhe 4Mwed. a d.eCAJ?..(J,,jed. ab~ io 

me:laboli..3l! VUJpiop/um. vi..a :tfte 5-/upMx.y1.ndo1.e pazhway io 5-flIM 

and. io i..ndol.el.ac:li..c aci..d.. Thi...d 1..4 rwf. bel.i..eved. io /le/.Jul.i:. /Mm a 

p/Wlla/lJJ- enwnafi..c bl.ock bui:. llafh_eA. i..f. i..4 4WJffe4i:.ed. i:h.ai:. :tfte mental 

ab€/l/U1.i..wn. may be a ~ul..:t of an al.:te.Jted. ab~ io ma1.rdai..n. 

rwlttn.al 6/lOl.n. ✓-,eAOioni.n. 1.evw. ( 11) Th.e 1-oaduuj of rwlttn.al 

dti.1dA£n wU:h. L-hu;piph.an. /le/.Jul.i:.ed. i..n i..nC/lR.a4e✓.J of U/U.IU1AJJ 5-flIAA 

1.evw i..n con:i:.JtoAi io o:tfte.Jt Aepow i:h.ai:. lupMx.yl.aii..on. of 

VUJpioph.an. 1..4 max.J.mal. wi.1:h. rwlttn.al 1.evw. of VUJp:fup/2.an. (II) 



8 

T IUJP:f:mni.n.e-___:,... Indol.eace:fi..c aci.d 

5-flyd;wx!fl..nrbl.eace:fi..c aci.d 

--> 5--f/yd,,o~ph.an.---;. 5--llyd,,oxL (5{_7VTONIN) T~T- . 
N-F o17112yi.h.!f1UVWUJl£- :::\ I ndol.epfJAUvi..c ~ I ndol.eaCE±Lc aci.d 

aci.d 

J I 
lndol.eaCE±Lc aci.d 

KyruvwiLc a~ Q.wwld.,Lc aci.d 

Kr ~ArdluwnllLc achl + ALanin,, 

J-flyd.Mxyk~ ). X~c > 

l 
]-fl yd,Mx.lJL1lli:/wmLli.c 

aci.d 

N i..cofl.ni..c 
aci.rl. 

aci.d 

+ Al.ani.n.e 

Q.wwli..nLc aci.d 

8-flyd,,o~c aci.rl. 

F i..g,. 2 T IUJpio r-Jum- !r1e:tabol1.Am( 6) 



O.wiwtbed i..ndol.e metabo,U,,:m MA been. well defi.n.ed 

i..n. at l.eaai :llvlee di.Aeaae✓.J u.lu..cA have men:i.a.l abe.AAai.i..oM. ( 12) 

On.e of i:Jz.e✓.Je La 'fh.en.yl.ke.:foruvzi...a ( 'f/(fj) i..n. u.lu..cA exCA£11..on of 

i..ndol.eacetlc an.d. int:lol.e.l..acli..c aci..d ocCUM. An.o:IJz.eA. 1..4 

llaAi:nup 1 ✓.; (II 011. !lad 1 ✓.;) di.Aeaae uitLcA La duvw.deAi..3-ed 6f!

i..n.CA£Med exCAR.i.Lon. o/ ikf,pit)phmt, i.ndi..can., i.nd.ol.eaceii..c aci..d, 

an.d. i..ndol.e ace:tyl. g)idami.n.e. lh.e ih.utd iA peliafjM- i..n. 

uiu...cA i..n.C11.eaaed exCAR.i.Lon of VUJ-piami.n.e an.d. i..ndJ..CJ1Jt luiA 

been. Mpolded. (t2) 

All.en.ii.on 1..4 cal.l.ed. f.o :l:Jz.e f.ad :l},_a,;f_ :IJz.e i..ndol.e nucl.eu/.J 

1..4 c.orrmon f.o ilvzee cl.cv.Me✓.J o/ compou.ntM: (!) p✓.;fj-ch.of.o<je.TI/.J, 

011. compou.ntM capable of plliXW.ci.Ju; men:i.a.l di.Aiwtbance✓.J, 

( 2) :l:Jz.o✓.,e aml.n£/.i oCCI.J.llJU.IUJ ru:duAal.l.!f i..n. :l:Jz.e 61l.l1i.n., .like 

/.J ellO:wnLn., an.d. ( J) iJw✓.,e ca.pa};l.e of aliev i.rd1.ruJ men:i.a.l 

diAi:uAbanee✓.J, ✓.;uch. M ll24vzpi.n.e. ( 12) 

Some of :l:Jz.e i..ndoll..c p✓.;!fch.o:W<JeM aM. :l:Jz.e fnl.l.owi.ruJ: ( I 2) 

I. D-lf!AeA!j,LC aci..d dleiJu;lami.de, (O-l50-25}, luiA an 

N-metlujlbu,1.p:1:.ami..n.e moi...ei.y,. A p,a!fch.oio<Jeru...C d.o-1e 1..4 

/(X) u.c;. 

2. 7h.e ad/WWclvtome✓.J an.d. adtwtol.u:ti.n of uiu.cA p✓.;!fch.oio9-eru...c 

d.o✓.;e✓.J aM. /0 fTl9IT4 an.d. {50 mgm., ll24pecii..vel.~ 

J. llamzi.ne an.d. h..cvrmal1..ne aM. plliXW.c.:fA /o/1/Tled {Mm 

VUJ-p:lophan b!f ox.i.daiwn pwm iAy,piami.n.e i:Mow;Ji

conden/.Jati..on wi.:l:h. {n/l/fU1Meh.y.de. !h.e✓.Je ✓.;ub-1:l:.anee✓.J 

ani:.cupni..~ :IJz.e a di.on of /.J ellOioni..n on /.JfnOoi:h.. mu/.J cl.e. 

An 1. V. d.o-1e of aXJ "19'12 1..4 p-1!fdwi.o9-eni..c. 

7/2.e ami..n.e de.Ai..vati..ve✓.J of VUJ-piorJwr,. wi.11. be di.Aau.Med. 

agai..n. ai. l.eru;fh. l.ai.eA. bui:. u ✓.;hould be n.o:ted. h.eM :IJz.a,:l VUJp:l:.ami..n.e 

9 



pAOduce,✓,j cai:ai:.onJ..a i..n ca:fA and. con.v~i.oM Of C£n:f.Aal. fl.eAYOU4 

.IJ!fA:i;em olti.g).n. i..n llai:A, Aahbw and. monh~. In. ~, UIU.fl.aA1J 

exC/lldi..on. of VllJpi:ami.n.e i..nCA£.Me.lJ aµ.e.A. adm.i.nlA:l:Ardi.on. of 
• - .• _, - . • - L • L : 4.- ( I 2) mon.arn).J/.e OX-<ll..a/.J e VlfU.JJ,v<.(JM. 

Tlte mode of acii.on. of i..ndol.e.1J i..n. bllai.n. may, be .IJUITITl.<VU..Jed. 

M follow✓.,: 

I. 11 ~ a md.e i.nd.ol.e.1J depA£A4 4!f1W-pilc i.JlanArni.A.IJi.on. 
acii..vme.lJ of bMin. M meaAU/lJ?.d. b!f- ~- ,, 

2. "T½ may, al-1:eA. :i;/te 4pon.ianeoU4 el.eci:Ai..col. acii..vi.i:J; 
of :i;/te 61lai.n. M 4een. on. ~- 11 

J. ''They, ma!!- af feet. :i;/te Alup:hrnLc coni:Aacii.oM of 6.IWi.n. 
c.el.lA M evi.d.en.ced 6!/- coni:Aaci:Lle ef/ew of 
4eJWZ£Jni..n. on. o.wp;de.nd.Aor;llal cell./.J. 

4. 1'5eJZ.Oi:£Jni.n., an. i.ndol.e, ma.y, act. M a dtemi..col. ~ 
of n.e.A.ve i.mp.!Me.lJ :i;o pcrAtUJympa.i:he:ti..c cen.i:.eM of ilte. 
bMi.n. -ju,,:J:i; M rwll£pi..ne.p/vu..n£. d.oM :i;o :i;/te 4ympa:IAeii..c 
c.en:le.A/.J. 

7/te i.nt:hl.e.1J have been. {nund. :i;o have a numhVl. o/ 

bi.odtemi..col. ef/ew uiu..dt all£ of impolli:an.ce i..n. ilte. coMi.d.eA.a:fion. 

of 4chi..~~ (!2) 

I. ''/rJonomi.n.e ox..i.da,,ae -inlu..bi.:Uon had been. demoM:uud.ed. 

b!f- ltaAmol.i..n.e and. a-fu,;r/.;wx!J,-VUJp:l:.ami..n.e. 11 

2. "f>.1Jeudodtol.i..n.e-1i:.ellaAe L,J i.nhl..6i.:i.ed. b!J eavzin.e., LSD, 
4eJZ.Oi:.oni..n. and. bufo:1:..eni.n., and. i:AJ;p:1:nmi..n.e. 11 

J. "O¼oJ.eru:i.Aog1J.,al. cel.14 all£ JlLclt i..n ~eudodtol.i..n.ea:l:£Juz.4e 
and have been. cl..ai.med. i:.o be a.hno111Tlall.!f- &1JOiJ..en. i..n. 

4ci.~ pvtRJU-c bllfUfl/.J. " 

I() 



4. "fJhruunacol.ofJA-cal. 11 "<JAOU4al "11 ll2.ac:li...oM i..n. b ll.aUl a/l£ 

.opecul.cded to ll.e.oult pwm .oelecti...ve i.nlu.bLtwn of 
p.oeudo ch.oli..ne.o:/:.vta,,,a e. " 

Ii 

5. "{_jl.uco.oe oxi.daJi.on depn1v.Mi..on can.. be C£1U<led i..n. "''i..nvil.no 1111 

.o!fA:l:.erM by. :l:Ae i..ndole.o. 11 

6. 111/exo.oe monoph.o.op/ude ~n iA JUd:oAd.ed by LSD. " 

7. 11 I nhl..bLtwn of .oucci..ni..c d.elupAog,en.cl/Je and .o:ii.mulaii..on 
of Clji:oCMome oxi.dMe con al.oo be C01v.Jed by L50. 11 

8. ''&:vwwduwme, anoi:AM iJltkl.e, h.aA been llR.pa/li:.ed to 
i..nhl..bi.± i.he ui:Lli..~n of gl..uco.oe, p$fAU-vcde and 
.oucci..n.cd.R. b'J b/liJi..n. fu.oue. 11 

The exC'Ud.olllJ plltX1llci:/.J of :f.Ju;piop/2,an, a/l£ d.epend.en:l upon 

i.ni:£Ai:i..rwl bacie;u_al ac:li...on and. all.e va;u_ed bff :l:Ae ru:d.wt£. of 

i.he dlWlfilJ pMi.ei..n. i.niake of hu;ptoph.an, bowel. ✓.Ji:w.Ji.A, and 

b!f iAe efp..ci...enCJJ of i.he i.ndol.e deioxi..f,Lca:l:i..on en-wne pllR./Jeni. 

i..n. li..vell.o Thu-6 i.he ex.CAR.ii.on ch.arujed upon bacie;u_al i..n.fec:lwn 

of :l:Ae bowel., dlWlfilJ h.abw, e:lc. The exce:lolllJ plltX1llci:/.J of 

hujptop/2,an, a/l£ i..n.Cll£.Mea i..n 411.c/2. va,;u_ed_ ~eMe/J (1/.J pell.~ 

llcudnup 14 , r)ieru;l.k.eto~ and al.kapioruvu.n.. ( I 2) 

One of iAe ~ /o1t hu;ptor)wn, ex.oudi..on ulu.ch. iA 

1.mpolli:.an,;t iA :l:Ae p<dluoruJ /.Mm :l:.tujptop/2.an vi.a oxi.daJi.on :l:o 

lv-me:l:Jujl.-2-p~ne-5-crvz/Joxami.de. 5 chl..30 p/vteni.,<Y.J /.JUppo4edllj

exC!lR.i.e 44,nL/1-cmdl.t; l.e.o,1 U/U.lW./lij lv-me:l:Jujl.-2-p!fAl.d.one-5-

CLJMxami.de befollR. oil. af,:l:.vz. hu;p:l:oph.on -Ullfe.4:lwn M comfXJARfl

wi..:l:h. nolllllal. coni-Aol.4. Tiu.A deg,;wdai1..on plllXiud iA {nllllled by 

oxi.dai1..on of N-meih.yl-ni..co:ti..rwmide, ulu.ch. h.aA been llR.polli:Ed M 

p.oy.ch.oto9-eni.c. ( I 2) 



l lUJ-Pi:ami..ne, uiu.ch. iA found 1..n. i:h.e Wli..ne, i.A IMuali.lJ fo/tlned. 

pzom d.eCOA.boxyla;l;i_on o/ VtJJp:l:.op/2.an b'J W/.Juv.J and aL:io :llutoucJt 
bad.vu.al me:l.abolwm. Ii. iA oxJ.di..3ed. vi.a. moncrnLn.e oxi.d.aAe :l:.o 

5-/ujdMx.yl.Jubl_eaC£:fJ._c acid ( 5-11 IM). 7 Ai.A ex.oz.e:l:.olUJ pAOd.ud 

iA found 1..n. h.i..g,h.M conce.ni:Aa:lioM 1..n. i:h.e WUJ1.e uAen. i:h.e pl iA 

h-4Jh- and awo uiten. i:h.e dLe:avtlf i.n;;tahe of VUJP:l:.op}um iA 1..n.CAR.a,,jed.. 

7/ie ~ i:h.e baci:e.Ai.nl papula;l;i_on iA p1tRAeni. 1..n. i:h.e <JLd uhJ..ch. 

me:l.abolJ..~ :vu;p:l:.op/um. :l:.o 5-11 IM, i:h.e lu.gh.Vt 1h concen:iAaii.on wLl1 

be 1..n. WUJl.e. DiAeMe ,1:tcdv.; uiu.ch. ltRAult 1..n. h.i..g,h.Vt ilum. aveAa9,e 

UIU.JU1A.lJ levw o/ 5-IIIAA all£ non-hwpi...cal. and. :vwpi...cal. /.Jp/lUe, 

pan-Cll£0;/:og,eno1M ,1i.ea:/:.oMh.ea and. maple /.Jll.l)OA- WUJ1.e dLM!.fJAe. ( 12) 

F i..ve-/2.yrl.Mxy;bujp:l:.op/um. pen.ehta;fe.,j i:h.e b1ood.-bJULi.n bcvwi..Vt 

/2 

and iA convvd.ed. 1..n. i:h.e bJULi.n :l:.o 5-/2.yrl.M~:l:ami..n.e b!f d.eCOA.boxyl.a,twn. 

Tiu.A canpaimd., known M /.JeJW:l:.oni..n, ex.e.JtM beAavi..olUU. e//ew. 
Alflwug}t 5-IIIM iA one of i:h.e ex.CA.e.i:olUJ pAOd.uw of 5-IUJdMxlJVllJpi:ami.ne, 

i:h.e 5 HIM found. 1..n. :l:h.e U/UJI£. iA noi. an i.ndi...c.a:l:.oA. o/ bJULi.n /.Jell.0:1:.oni..n. 

no/l. o/ p,la;tel.ei. /.JeM:l:.oni..n.. Th.i.A AM been. dwwn by ilie admi.n,w~n 

o / oMJ..n.cvu; do,1v.; o / llRAeApi..nR- ( O. 5-2 mg/ elm;) uiu..ch. all£ ,1u//Lci.eni. 

:l:.o ll£i.e.Me /.Jell.0:1:.oni..n. pzom i:h.e bJULi.n and bl.ood. plcdei.w but. 

uhJ..ch. do noi. ll£v.Juli. 1..n. uni.fo/tln i..n.CAR.a,,jv.; o / UIU.JU1A.lJ 5-11 IM. ( 12) 

Ni..n.ei.een. ,1du.gop/vteni..c✓.J llJVl£ i..n.ci.ud.ed. i.,n a <J,Mup fo1t ilie 

,1:1:ud.y. o / i.ltyp:l:.o phan me:l.abol..v.m. N l.,ne o / iliem llJVl£ ex.pvu..en.ci..n.g, 

ih.ei.A /J..Mi. p,a1jclw:li.c epiAod.e and. i:h.e oiAVt i.en. IJJ€.ll.e 1..n. mo1te dvwni.c 

p/2.<Mv.; o / ilie di.✓.JoM.ell.. A /.U.flf}le 2f-h.oUll. co11.ec:l:i.on lW/.1 made: 

each o/ iAe pai:i..eni✓-, /J)(]/j :th.en. gl..ven. :hw (j/lQM o/ l-:bu;p:l:.opfum 

i..n dLvi.ded. do,1v.; and. a /.Jecond. 2f-h.oUll. wu.n.e ,1peci..men. lW/.1 co11.ec;ted.. 

u/UJ/£ <:AR.aii..ni..n /J)(]/j d.ei.e./l/rUJl£l:L on each o/ i:h.e ,1peci..meru. 



~ dehvunLn.a:ti..oM o/ ~ N-mei-Ju;l-2-p~ne-5-crvr.hoxami.d.e 

( p,pti.i:bne), G/lL){Tl(J;Uc ami.n.e pad:1..on A, an:IJvzmu.11...c aci.rl. 

fflucwwni.rl.e, o-amuw-h.i..ppwri-c aci.d., ard:lvtanLllc acid, k.~ 

N-al.rJw.-ace:hjl-kyn.wwu.n.e, and 3-/up.;zoxyk~ UXVll!, made 

al.ofL<J wL-1:h. ~c, c.oppe.A, deltn.-ami.rwlevul1.ni..c aci.rl. and. po~. 

Six o/ :l:h.e ni.nei..een /.Jclu.30p/utenLc paii.-en.;la /.Jh.owed du.Jti..n.ctly 

ai:JMmzal. :i:Aypfop'ton mein.bol.J.An ill. i:h.uJ fui uiu.le :l:h.e oi/teJt. 

:tlwdeen me:l:.abo1L3ed ih.e amiJw aci.d. iJi. a Mmiol mann.vz. &ih. 

<JMU(Y.J o/ -1clu.30plutenLe1 ex.Cllfd:R.d. -11..gn,Lfi..can:l:l.y le-1/.J of ih.e 

p!fAl.rbne befiyll2. 011. af,t.vz. fAIJp:l:op'ton lllffe/.Jii..on M c.orn.po.Md. :l:o 

con:urol. pai:.Len;l:,1. The /.Ji.x. wi.i:li abMmzal. me:l:abolwm ex<YlldRd 

~fi..cardl.!f moll£. k~c acid, o-amiJw-/2.i..ppuALC aci.rl., 

ac.d:J;l kyn.wwu.n.e, kyn.wwu.n.e, and. /up.;zoxy-kyn.wwu.n.e af;teJt. 

:oliJP:l:op'ton lllffe/.Jii..on, ulu.le :l:h.e oih.eJt. :tlwdeen ex.Cllfd:R.d. 

~fi..can:1:1.!I le-1,1 k~c aci.rl. and. o-amuw-h.i..ppwri-c aci.d. 

befiyll2. 011. af,t.vz. :l:Ayp:l:op'ton and. le-1/.J kyn.wwu.n.e af,t.vz. bujp:l:op'ton 

me;;fu/;olwm o / :l:h.e-1e pai:i-en.;la /.JU1J<je/.JiA a (.un.d:1..onal p,pti.i:bx.i.n.e 

de/J.-ci..ency., neUluvi bi..och.emi..cal. Mil. cli.nlcal. i.mpMveme,d 

llE./.JultR.d wL-1:h. ppti.dox.i.n.e ,ljupplemeni:ati.on. Boih cwu..cal. and. 

bi..och.emi..cal. i.mpMvemeniA weA£. of;ten ob-1Vll/ed. /iJLl.owi..ruJ iAR.afmen:f, 

11JLth_ ch.ela:f1..ru; ar;en.;la. ( I J) 

IJ/hen du.ldhood and. adult -1clu.~plutenLe1 UJell2. corn.po.Md. iJi. 

a /.Ji:.uciy, of 5-fl!AA ~ ex.CAeiLon a/J:,vt -lJad.Lflij fb-1e-1 o/ _ 

L-:lllJJpi:or}tan, M ~fi..cmd di .. J/eJt.ence utu, fiyund. be:lween 

ihe iiw g,;wup,a wi..i:h. /t£/.Jpeci :l:o eli:h.ea ,ah-101uie amowd of 

5-flIM ex.CAded Oil. ,UI.C/l.eaAe/.J pJlliWlllff i.Ju;pi:op'ton -W~ 

The WUJte/.J weA.e c.ollecied apl:.ell. 10, 15, 19, and. :ff h.oWl/J on ihe 

day o/ i.Ju;p:l:op'ton iNJe-1ii..on. Ii i.A believed. ih.ai ih.e bMi..c 

I 
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pai/wl.o(jlf i.n. cAJ.c/h.ood and aduLt ,1c/u.30plvwu.a 1A ih.e ✓-'cone 

and Bend.ell'✓-' l.on.g, i:.eAin foll.ow-up ✓-,iudi..e✓-, have ✓-'Mun. i:Jud 

mod du.1d. ✓-,c/2i..30plvw,1-e1 Mll1.aU7. ,:10 iMJ aduLt!wod. (II+) 

A l.ongUudi.nal 4:fud.y o / i/2.e UIU.IUVUJ ex.Cllei:J..on o / Vlljpiani.ne 

and i:oi:.al inrbl.e-J-acei:.Lc acid. lfX1,,:j ruMRla:l:R.d. wi..i:h. beh.avwll. 

i.n. iwen:bJ mole ✓-,c/u.30plvw,1-e1. Th.ey, IJJe/l£. oi/2.VtJJJi.,,Je J..n. g,ood 

h.ealth. and on a CLJM:tani:. pMi:.ei..n. di.et wi..i:h. i.rdake and ou:l:.pu;I:. 

Th.e dAu.g, JWJ).men. on i:h1A ,:1:tudy. WM M folloUJ,1: pl.,a.cebo I and 

A£AeA(JU1£- I befoAe, and A£Ae.Afi.n.e I I and placebo I I a/,f.eA, i/2.e 

e.rul.o<JenoU,:1 ani.n,e✓-, i.n. iAe b1UW1. and i/2.e ✓-,imulfon_eoU,:1 admi.n.Lai:Aa:11.on 

o/ i.Aox.yCJ:JMxaJi.d., an /fll()f, pll2.ve.ni:4 i/2.e,i.mnedi.ate dei.oxi.caii.on of, 

i/2.e llRi.eMed. ami.n.e✓-,, amollll9, uiu.dt IA ✓-'eJlOi:oni.n., 40 i/2.ai:. 

i:h.eoltR.i:i..cally. i.i:. ✓-,fwul.J. a/feci:. beh.avw/4 Ii:. WM f.ound. 
iJud i/2.e av~ UIU.IUVUJ ou:l:.ptd o/ Vlljpiani.ne di.d rwi:. di..//ell 

(.AOm rwllITllU val.u.e✓-, uii.en. all. i/2.e cLata weAe CLJMi..d.eA£d., ih.ell2. 

beullf only. a ~ el..eva:tLon o/ i:oi:.al i..ndol.e-J-acei:.Lc acid. 

ulien. canpaAR-d wi..i:h. i/2.e A£Aui..:l:A {Mm i/2.e ,w;una,/_ 4ubjec:,-,&J. A wi..d.e 

va/li..a;l:,i_on J..n. i.nr}j_vi.duaJ. pa:ti..e.n;&, WM i/2.e lllli.e J..n. exCAE.ii.on 

pa;lwm.. 7Aell2. WM, fwweve.A, a co.M.el.ai:i..on beiuJeR.n. i/2.e 

exCIUdi..oM of :buJpfanl.n_e and i:oi:.al inrbl.e-3-acei:.Lc aci.d. and 

:l:Ae d~e o/ p✓-Jy.choi:.Lc acti..vi.;;ty.. Both. i.nd.ol.e✓-, aH.ai.n.ed. 

mC/U?.a,11.ng).!f ¼Ji abrw/tIIIOA. l.evel..4 wi..i:h. G.LU)Jnen,:/:,a;;lwn i.n. i/2.e 

,1eve.J7.L:l:JJ o/ iAe p✓-J1j-dw-11A: llWJ.ci:.Lon o/ J..ndol.e✓-, i:ouwzd. oil. i:o 

rwJmal J.evW A£Auli:£d J..n. impMvemeni:. o/ ih.e menf.a1.. -1i:.ai:.e. ( l5) 

In OM.ell i:o d.ei:.ennl.N!. ulieih.eA. i/2.e ahrw;una,/. aAOmaii..c 

exC!Udwn pa;tteAn. ll2.pvlli:R.d. J..n. -1du.30plvw,1-e1 ll2.µew an 

i.n,C/U?.a,1e J..n. ih.e UIU.IUVUJ ou:l:.ptd o/ /2.ydAoX!f i.ndol.e✓-, oil. 

/2_ydAox.yl_ai:.ed. mda_~ O t Vlljpi:o rJtan., pa.pell dtlllJmai:o<JM,pti..C 

-aiudi..e✓-, weAe clone on -1du.30p/vw,1-e1 and rw//IllaM. 5eJlOi:on1..n., 
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5-/IIAA and. bufoi.eni.n. tJJe/l£ tAe c.ompaunr./4 o/ ~v.Ji. c.oncvui. 

Bufoi.enJ.JL i.A an mdol.e uiu.dt /2.w.J been AR.pOlli:.ed i:o pAOCW.ce 

hall.u.ci.n.a:ti.aM i.n lu.unaM. U4UUJ 1:.e:bza-so:ti.3ed dL-o-<1l11A-it:Lu-te. 

and. ~f vaw.v.J io i..den;f1_Hf tAe c.ompaun.dA i.n iAe. wri..n.v.J, i.1:. 

llKJ/J fowul. th.al:. .oeven. ou:I:. o! follii; ,1chi..-so~e1 and. /.Jix ou:I:. 

o/ follZlJ- non-xhJ...-so~e1 h.ad a ll£d.-bl.ue 4pai. wU:h. an R/ 

C.OMRA pandJ.n.r;, io 5-11 IAA. Si.nee w appeaAa11.ce llKJ/J i.n{Aeqfi-erd 

i.n both. <ywup,:,, i.1:. llKJ/J /el.i. th.al:. i:h.e /.Jampl.v.J W€lt£. noi:. l.aAr;,e 

eiwUfjh. io demoM:oude a ~µ.cant cli..//e1tence beiwen. <JMU(Y.J• ( 
16) 

A ,1pai. ruonbell£d "14" uiu.dt /2.w.J been. found. on pape1t 

duwrna:ivrpaplu; o/ wri..n.e ,1peci.mer1A o/ ,1chi..-so~e1 bui:. noi. iJi 

ilud. o / nollITlOiA /2.w.J been. i.d.en;f1_/Led cu, mdox.yl <JW,at/lJJnLc acul, 

pAObabl.ff ~ pwm bad.eALal pu:hief.aciwn i.n tAe ~ Ii. 

llKJ/J diAc.oveAR.d. i:h.ai:. on cl.e.aMi..ruJ i:h.e (ji.d:. wL:l:A aCNlOfTUJciJL, 

an anfl..bi..o:li.c, and acidl..lJJi-,u; i:h.e WUJLe i:o pH 2. 5 t:hiA ,1pai. 

became i.M.4Jni--/Lcant and ilwA i.A ilwugM:. io be a llMul.i:. o/ 

6aci:.eALal. ac;l,,Lon. ( l7) 

Th.e gl.!J-OrJJ11-c aci.d. 1t2.aciwn on. wzi.n.e i.A an i.ndi..cai.wn. 

o/ a dw:l:uA/.Jance iJi :buJp:torJi.an mei:a.bolu.Jm i../ pa,1ilive. li. 

h.cv., been. found. i:h.ai:. i../ i:h.e g}.!f-Ox.yli..c aci.d 1t2.ac.ii.on i.A 

pa4Ui..ve, i:h..vt.e i.A aLJo fnu.nd. an i.nCA£aAed g,amna g,wbull.n. 

iJi i:h.e 4e/U.On: i:oxi..c dep1ZM4i..on Of iAe. UA.Lne o/ /.Judi. pa:fi..en:iA 

on. !fecv.,:I:. gMwili h.cv., been. found c.on.c.omL-.ta.n:tl!f- T h.e fnocli..fi-ed 

7 akoi.a-U cko T v.Ji. (!nTtJT) aJUi. ~l. 1t2.acti..oM i.ndi..ca:l.e an 

mC/l£a/.Je iJi g,amna oil beia and rymrna. r;;).obulLM ulien. po,1UJ..ve. ( 18) 

Th.e gl!J-Ox.yli..c aci.d 1t2.acti..on. i.A cu, a lll.Ue po,11..ii..ve i.n 

ldlopai:Afc /.Jchi..-sop/vz£ni.a, epi.lep:li.e1, and oi:h.e1t ollf}Oni..c p,1!fdto/.Jv.J 

o / plli.m.aAJJ and ,1ec.ond.cvuj neuAOnLc olllij1n. and iJi men:l:oll..!f nomzal. 
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patLen;&.J uAen pu/Ai.cally ill. T h.e :te-1:t 1A n.e<j,(dlve i.n 

pu/Ai.cal1y h.ea,,/;/Ju; no~, iJi newwil..Cd and umcompli.,cai,e.d. 

qj-cl.o:l:h.ymi_Cd. Th.e 9,fWw:IA of ye.a4:t 1A (jeJ111.vw.ily dep/Uv.J4e.d. 

i.n gly.ox.y}.J-c pa4i.:ti..ve Wli.n.e-1. Th.e :l:ulthi.di..1:y, llR..ac.ii.oM on 

/JVUDn, pcvdi..cul.cvd.y i:Ae /r1Ttf1, (JA£, pa4i.:ti..ve i.n ad:1..ve 

4du_,~~Cd and alAo o{,wi. i.n epLlepil..e1. Th.e CJJMR.laii.on 

bdween. i:Ae oui:.cane o I i:Ae /r)TUT and :th.e. glyo~c acid 1A 

n.o:t 4:fAoJ..g}t:t(.ollllJ0/1d. 0/.l i.:t 1A wi..:fh. ye.a4:t i:md.ci.i:JJ. No 

defl-nJ-:te CJJnc:l.iMi..on can, be dAaun. 0/.l io iAe 4-4Jni-fl-can.ce 

o/ i:Ae-1e :te114 i.n 4chJ..~p/vt£ni..a. except ih.cd /Jo fnA. all. 

llR..aci:i.oM Pe.llfO.nme.d. h.ave been. pad.±i..ve only i.n people 

4u//Vli.ng, pwm /Jome ki.nd o/ pu/Ai.c.al. clu.Je.a4e. ( !B} 

FoUA VC1A,UJ,U.<JM o/ th.e glyoxy}.J-c acid :teA:t tJJell£ 1Me.d. on iAe 

llll,(Jl£,,J o t 161 4u4Jew uno/Je dl.ag.rw/Je-1 tJJell£ n.o:t krwlln ai. :th.e. :1:1.me 

of :le/.d:.iJu;. Th.e 9A')Uf)/J l1IVl£ (.ound. :to be made up of 55 

4chJ..~ ~Cd, _fl. duwni..c ai.CJJh.oJ.i.e1, 28 cvd:,e;z,w4 clellOiJ..C11 

7 o.lip;~e1, 3 pllO(j/Uv.J4i.ve pcuzalyii..Cd, 6 paM-~C1, 

and ;Ji. ?4ydw:1:i..Cd oi:Ae1t :th.an. ,1chJ..~~Cd. All (.oUA 

vaAi.a.ii..oM o/ iAe i:.eA:t W<Vl£. mo112. pa4i.:ti..ve i.n i:Ae 4chJ..~~c 

cywup. (19} 

Th.e me.:fabo1Li.e4 of i.A.ypi.op/um ulu..c/2. aA.e belleve.d. i.o be 

i.nvol.ved. i.n i:Ae <jlyoxal.i.c llR..aC:UOn aA£. fup.ll0x.!J1-rubl.eace;fj__c 

awl., pa:f.aMium i.JuJiyx.yl 4ulrJude, and ~ alAo Vla.CeA o / 

k!JfUVlRJU-c aci..cl Th.e .Lndol_eace;fj__c aci.d4 (JA£, lVl.i.ruuuJ dvzomo(jenA 

/Mm ulu..di. aA£. (.o.nme.d. i:Ae lVl.i.ruuuJ dye-1, UllO/Uv.Ji.n and UllO~ 

1uhldi. maJJ- be i.den.ti..cal unU:h. one an.oiA<Vt. Th.e daAkell. iAe UIU.Jl£, 

i:Ae moll£ pa4i.il..ve 1A i:Ae llR..aci:i.on. An i.n..Cll£.<v.Je.d. ex.Clldl..on of 

lVl.i.ruuuJ ch.Mmo(jenA 1A vaAi..abl.e pwm ii.me io ii.me i.n paii..en;f✓.J: 
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pai:i.erd:A wU:h. CNloni.c ku:ln.e!j. fuea4e, i.ubvz.cul.o4i../.J, 1.1.vell. 

du.Jea4e, and pell.ag,.tta M well M 4ch.i.~pluwu..a, 4MW inC/lf!.MeA 

moll£. COMiA:f:.en:fl.y. ({CJ) 

Twen:bj-{nWl 4ch.i.~plvreni.CA and 75 non-4ch.i.~pMR.nl..CA 

W<VlR. compwted. in a double bLLnd. 4Judy. Fac:l:oM 4uch. M 

dLe.i:., GI)£, 4ex, and medi..ca:li.on UJelle lllll..ed oui. Th.e gliJOXJJLC 

aci.d. itv.J:l:. of llopki.M-(ple UKUJ fnund. :lo be Pod..ilve on :l:h.e 

UAi..n.eA of 62. ,lo of :l:h.e 4ch.i.~p/vteni.CA and. i.n ff!o of :l:h.e 

non-4 ch.i..~ p/vteni.CA, ( <fJ le44 :!:hmi O. 00 I) ( &J) 

Th.e e//ec:&J o / ciµi£1.ne wU:h. and. lllL:1:/wu:I:. i:Aaru;l-cypMmi.n.e, 

an ~VOI, UJelle exami.n.ed. i.n {oWt 4ch.i.~p/vteni.CA, OUIU.flJJ :l:h.e 

adrni..n.wiArdi..on o / l-CJJ4i:.e1.n.e lllL:1:/wu:I:. :l:h.e frl/() 1, wu.n.aAlJ 

hujpiami.n.e /l/J4e ~µcrmil'J-, bu:!:. wU:h. ih.e combined 

w.aimen:l of l-ciµi£1.ne and. i:Aaru;l-OJpMmi.n.e, :l:h.e IU./.Je in 

:l:.m,;p:1:orni.n£. exc.AE.i:.wn UKUJ ~ No .(!J)MiA:1:2.ni:. :l:A£nd llt'1..1 

4een i.n :l:h.e exc.AE.i:.wn of !-me.i:Ju;lni-coi:J..n.ami..de ~ 

eliAell. pe;z,wd. 1 n <jeJflR,/lfU, :l:h.e JUVJu.l..iA o / ih.e combined 

w.aimen:l of ciµiei.ne and. i:Aaru;l-q;pMmi.n.e ma.y. be compwted. :lo 

:f:h.o4e of me:thi.vJl1..ne and. i:Aaru;l-OJpMmi.n.e in demoM~ 

coMEi.atwM bei:ween. beh.avi.olllU UVMeni.ng, and. inC/U!.0,,1ed. 

exc.AE.i:.wM of VUjp:l:orni.n£.. ( 21) 

17 

Th.e ami.n.o aci..cuJ pJUVJen:l in :l:h.e Wli.n.e, blood, and cell2.bM4puwl. 

fJ.uLd ( CSF) weAe d.e.iemu.n.ed. i:Nwug}wui:. :l:h.e luci.d. iJl;/:.eJv,,al and. 

ih.e ca:l:at.oni.c p/ia,,Je o I a paii-en:l wi:l:h. pe.1UJXU..c ca:f.ai:oni.a. 

Th.e pat.i.en:l UKUJ ~ wU:h. adNmaL. coilicohlo pLc MJU110ne 

( l(J II), ad.Jwialin.e, and. :tfupwxi.Jz.e :lo compe.Ma;/:.e :l:h.e condili..on. 

Ni.i:Ao9-en ~n and eApedall..!f :l:h.e pelliodi..call!f ~ 

ex.Clt.l!.ii.on of wiea, 4eenv.1 :lo be a ~fu ~ of :l:h.iA 



p,1ydw✓-,1A. Th.e ami..n.o aci.dA weAe hzaced lwpimJ io ie:t a 

cl.u.e ~ uiu_c/i me:labo.li..c pM Ce.M oA. cliai.n. ~ be 

d.e/J..ci...e.n.i:. i.n. pvu..odl..c cai:a±oni.a. In i:Ae fi-Mt. patd of :th.e 

cat.ai.oni..c ~e a ll£1..a:ti..ve in.CAR.Me of aAg)..n-i.ne and r;lut.arni.n.e 

l.lKM found i.n. i:h.e WUJ1.e, 4eJlLll11., a.nd. (5F. Lt llKlA /.Jlll)C)eAied. i:h.ai 

wuf/J..ci..eni aAg)..n-i.ne and r;lut.arni.n.e ruul.d. pMha.bl.y, plllXiuce a 

~ anmonl..a. i.ni:.ox.i..c.aJ:i..on uiu_c/i ruul.d. i.n./J.u.en.ce ;f/i.e 

C£n:l:.lw1. nellJ/oU✓.J 4!!4iem ( (N5) i.rt a p,1y,dw:ti...c di.Aec.i:l...on. 

In :th.e l.a:ti:.e.A. h.al/ of ;f/i.e ca:taJ:oni..c ~e, i:h.e OAtfU1-0Ae iA 

appcvwtil.y, acti..vai.ed. ✓.Ji.n.ce UA£a ex.CAR.:ti...on goe-1 up ai. i:Ae 

✓.Jame :lime M i:h.e aAg)..n-i.ne and r;lut.arni.n.e deCll£.<v.je i.n. ;f/i.e 

blood and Wti.n.e. T /2.yAoxl.n.e and :l:lupoi.d. /.Jub✓-,iortce i.rt l.aAfJe 

do✓-,e-1 rumpeMai.eA :th.e rundlti..on and pA£ven;l_,j anJJ- 4peci.../J..c 

cil,J:f:wthance i.n. UA£a ✓-,yni:h.e.dA. ( 22) 

U/UJUl/llJ ex.CAR.:li.on of i:Ae f.iyilouii.ng, ami..n.o aciJ:l.1 /lXM 

mea/.Ju.A.ed. i.n. 12 non-✓.Jch.i.:30pM£nl-c a.nd. /0 ✓-,du."30pM£ni-c clu.J.d.A£n.: 

V ali.n.e, l.euci.n.e, hpw✓.Ji.n.e, al.ani..ne, ~' l.!f4i..ne, i:h.ll£.oni..n.e, 

:iauA.i.n.e, <f4,ci...ne, ✓.Je.Ai.ne, and h.e:la-ami..no-.bu:bpt,Lc aci..d. No 

4-4Jlu./J..card til..f fvwice /lXM found behveen. i:h.e :fwo C)lltJUp-1• 

pai:i:e;tM o I am1..no acid ex.CAR.:ti...on d.i.ffeA. wi.d.el.y {.Mm i..ndLvidual.. 

io i.ndlvidual.. but i:h.e paii~ IWnai.n f.audy ruMi:an.:t 

l11i..:l:hJ.n. i..ndLvidual..4. lite {n.cioM uiu..cli de:teJUniin.e ih.e-1e 

.i.ndlvi.dual. pai:i:e;tM o/ ex.CAR.:ti...on all£ noi f-ull.y undeMiood 

bui:. appeaA- to be ien.e:ti...call!f deieltTTli.Jte.d.. One {n.cio1t uiu_c/i 

iA kwun :fo a//eci:. UJU.JlflAJJ ouipui o/ ami.n.o aci.Il:, iA ad.A£na1 

rulli:i..cal acti..vi.i:JJ-. 01..eixvuJ- .i.n:tah.e wi..1:h1..n llR..(J4onabl.e l.i.mi.h 

ol vaAi..abi.JJ.4 doe-1 noi r;ytea:fl!f al/eci:. i:h.e ex.CAR.ii.on of mo/.Ji 
• _•J. (23) 

OJTUJW aCla/.J. 

FoldJ;-one nonp,:,ydw:ti...C/.J and 4o -1du."30pM£ni-C/.J weAe 

I~ 
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-1i.mi.lcvJ.y comp<lll2d. fo1t oll04vmucoi.d and. al.bumi.n. 1.evel.4 i.n. 

i.h.e -1e/UJJTl,, Oll0-1omucoi.d, a gl.y,copllOi.ei..n. exi.Jwnel.y Ai...ch. i.n. 

CWlbo~, iA i:h.e pAi..n.ci.pal.. COM:tli:uen;/;. of i.h.e pvu:hl..oAi...c 

aci.d.--10.Lu.bl.e -1e.JlOl7lUCOi.d pw.di.on of human -1e.JUJJn. f,1.evai:Lon 

of -1Vl0mllcoi.d and ioi.al.. -1vuon gl.ycopllO.iei.n l.evel.4 ocCUA. 

i:.rt a ruonbe1t of dweaAe✓.J ✓.1uch. GA rnal4Jnan-de✓.J, i.u6vu:ul.o-1i.A, 

Ah.euma:l:oi.d ~, rnul..:tLple ,1 cl.ellO✓.,UJ, pzad:wr...e.-1, epi.ne.phA,ine 

i..nj..edi.on, and bUIUI/.J. An i.nve.Me ll21..a.ii..ondilp bei:ween. ollO✓-'vmucoi.d 

and al.bumi.n. h.aA been. rwi.ed. (:!I) In ili.u., ,:,i:udy U llX1/.l found i:lud 

i.h.e mean. al.bwni.n. conc.en:l:.Judl.on llX1/.l l.oUJell. i.n. ,:,chi..30r:Jwmi-e4 

i../2.an i.n. coni.llOl.4. (<p l_e,1,1 :th.an 0.01 ) Th.e mean. oll0-1omucoi.d 

llX1/.l h.Lgh.e;r. fo1t ✓., chi..~ r:Jwmi-C4 :th.an ,lo1t coni.llOl.4. ( rp l.eM th.an. 0. 00 I.) 

Th.i.A ll£4u1.i. ✓.1llfJ'}e✓.1i.4 i:lud i:h.e -1chi..~r:Jwmi-C4 aA.e i.n. a dvron.i.call..!f 

,:j~ed -1i..ai..e. (:!I) 

In addUi.on U h.aA been. found i:lud i.n. a ch.llOni..coll!f 

p,a!f-ch.oilc popul..a.ii..on i:h.Vl.e iA a hi.J;;h. i.n.ci.d.ence of po-1LiLve 

i:.eAi.4 uiu.ch. rwJUnal.J..!I depend upon i.h.e pll2.4en.ce i.n. i.h.e ,ae.JUJJn 

o/ pllO:l:.e.i..rv.J found. i.n. vaAi...oU4 conn.ec.ii..ve fu✓.1ue dweaAe✓-1, 

e✓.Jpeci..al.l..!f -1!f4i.em1..c l.up.v., ~-1U4 (5L.f) and Ah.euma:l:oi.d 

~, ( YM). 7 !wA I. J/o of dvron.i.call.y, f-1ff ch.oilc 

pai.Le.ni:A hod po-1LiLve nucl.eopllOi.ei..n. 1.ai.e&. ~n 

i.e✓.Ji.4 and 8. Po hod po-1LiLve F. 1. 1. ie✓.Ji.4. A &na1.l. <poup 

o/ pai:1...e.ni:A whl:h. po✓.1ilive fui.4 hod cli..n.i..caL evidence of 

conn.ec.ii..ve fu-1ue ~eaAe. A -1ub-1i:mdi.al <J,llOUp o/ pa.ii_~ 

hod COIUJeni:.i:ol.. ✓.1kel.ei.al.. dwoAd.eM and 4evvzol.. pailen.i.4 

hod ll2.i:i.nLi:i.. pqnen.:l:o-1a. Th.e /.Ji.tyu.fLC11I1.ce o/ i.h.e 

.aellOl.oc;i-caL and cli.nl..cal.. ~ iA rwi !f-& fuil!f app<JA2J'd 

and U W:Juid. ,1eem pll£JTla.i.wz.e :l:o dwClUl✓-, th.em rww. Th.e ll2.4ul.i.4 

aA.e appcuwdl..!f rwi. aAi:i..faci.4. ( 25) 



Bi.ol.o<Jlc fmLn.ea of lmpoAfOJ'l.ce i..n 5du..30pluwua 

C ih.eA AM po✓-,iul.a:f.ed. i:hai ih.eA.e mrJJj be ilvt.ee hjpeA o I 
ll2.cepioM wi.i:h.i..n i:h.e blULi.n po44.i..Dl.ff ll£1..ai.ed io and d.ependen.i 

on i:h.e p/uJ,:,i..ol.o<JLcal. :ru.AMVe/l. of ilvt.ee hjpeA of ✓.Jub✓.,~ 

IJJiJh.i.n. ih.e CNS. ( 25) 

(I} '7ho✓-,e ll2.cepioM ulu..cli aA£. dwl.i..n.€.lllJi.-c i..n na.i.wte 

and ulu..di. mrJJj have a di../~e di..4mbu:ti..on and 
uiu.cli aA£. Ll!Uikel.ff io P1-<11J a d.omi.nmd:. pcvti: i..n 
ih.e ~ cenht£n.plw,lLc 4:f.eVUJIIJ mech.an.u.:m 
govvuii.ng, DMi..c ✓.JiaieA of OMMal. and aiien:fi..on. 11 (25) 

( 2) ''lh.e non-dwl.i..n.Vllj,lc ll2.CfioM ✓.JMcep:tLbl..e io 
·amph.ei:arni.ne1 and oih.e/l. c.atedi.ol..aJ1UJ1£/.J and 
ulu.di mrJJj i..nvol..ve el..emen,;&., h.i.-<j1i i..n i:h.e lldi..cul..aA. 

/ol11naii...on ad wel..l. ad i..n ih.e Ct)lli:.ex and ffl<11J d.epe.nd 
upon ih.e :ru.AMVe/l. of n.a;lww,llff oCCJJ./l/U.IU) 
c.atedtoJ.ami.n.eA (01t <)AOUf of cai:edi.oJ..ami..neA) 
ulu..di. :/Jvwugh. ih.e po44e1✓.Ji..on of ✓.Jome 4pedal 

pAOpvdi..e1 ffl<11J mod.u1.ai.e ih.e P1-<11J of i.nhLbi..iolllj 
ione i..n key, cel..l.. ad✓.,embl..i..eA govvuii.ng, ih.e -1ioAO.g-e 
01t ll£1..ea/.Je o I ol.d. and fi-.;trn4 c.od.ed i..nieg,;ui;li.ruJ 
~, i..n~ ih.o-1e making, up pai.:f.eAJv.J o / 

emoii.onol ex.p/lE,,d✓.,i..on and ex.pvti...ence. Th.e 
1
0€./li..pi-eAal. 

mdon.omi..c ✓.JyAiem iA ih.e ouielt i..Mi.luun.en.:I:. o / ih.e1e 
pa:Ue/ll'l/.J and. ih.e lJ.mbi..c 4ff4:lem rTla!f be i.:la i.n.ne1t 
Ci)u.n:l.e.Jtpcvd. ,,( 25) 

( J) '7h.e th.utd. ll2.cepioM aA£. ih.e irvuJei of LS0-25 
and. ma!! d.epe.nd on ih.e nd.wtaL iwznove/l. of an. 

1.ndole d.vzi..vaii..ve wLih. uhJ...di. L.05-25 4peci..f1-cal.1y 
and pe~ ll£1..aied io ih.e a//e.JWli:. 4yAiem 
and. rTla!f pl.m; a d.omin.an.;1:, pa;ti, i..n ih.e mai.ni:£nan.ce 
of a ¼Aflf paH.eM.ed ll£dpMcal. i.nhl..bi..iolllj 

. 
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pllOC£M u.Ai..cA pl<JJJ4 a key pad. i.n. ih.e OlltJ'llU-gafun 
of iR.mPollai. and 4pa;f1..ol expeA.Len.ce M well. M 

i.n. ih.e /.Jel..ec:li..ve exe{J.vji_on i.nluvw-d i.n. i/2.e 
p1ZOC£Mv.J o/ l..og,Lc and. ab4iltac:li...on. It. 1A PJ44i..bl.y 
ihJ.✓., &.1.ppll£44i..ve me~ i/2.a::l:. mm; be de/ec:ti..ve 
• '-- l • ~h,..,. .... :- ff (25) 

,U'l.. /.J.c::n.L 30 fA V<.= ~ • 

In o!tdvt ::l:.o de::l:.vuru..ne u1tat a.A£aA of ih.e bllOi.rt M£ /.Jt..JAcepi:ihl.e 

::l:.o cetdaiJi 61-ol.o<J,Lcol.. /.Jub/.JianCRA a cannula WM acCJJ./llJ:l:.el. 

i.mplarded. i.n.::l:.o 4peei...f,lc hlllli..n. a.A£aA and. mi.ru.de ~v.J 

of dtemi..ca!A i.n. amounh of 0.01 ::l:.o 0.02 ml weA.e i..njec::l:.ed i.n.::l:.o 

cat:A, monh.e.JjA, and. h.umaM. Beh.avi.oMl dumg,v.J and. f& 

llR..ruAd.a tJJell£ ui:i.1L3ed. ::l:.o dei:ed ih.e e//eciA o/ i/2.e bi.ol.og,Lcol.. 

/.Jub-dianCv.J on i/2.e 6ll01.rt. ( Z/} 
Un.q,uv.Jii.onabl.e beh.avi.oMl.. ch.ang,v.J uhi.cA i.n.vaALab-4, 

UJeAR. aA.10 ei...a::l:.ed. wi.J:h. 44,ni-f,i_crm;l ~M i.n. llR..OJ~ 

appe.a.;wl. only uh.en dtemi..ca!A weA.e in:f:ec::l:.ed i.n.::l:.o :the /.Jepial. 

AR.tJ,Wn and. lu.ppocom.p.M• No 4i.t)n1-f,lcan:l ~M i.n. 

beh.avi.oll. WVl£ i.nd.uCR.d. hy i..njecti.on i.n.::l:.o oih.vt /.Jubrulli:i..cal 

nu.cl.eaA. maA/.Jv.J u.lu..cA i.n.cl.uded. ih.e caud.a::l:.e nu.cl.eu✓.J, ih.e fu;poi:h.al.ClfTlLv.j 

and. ih.e pu;l.nmen. ( Zl) 

Th.e /leO~M uii.e.llR.. dtemi..col.. 4i:1.muJ..a::l:.i.JJn i.ndu.CR.d. dumg,v.J 

i.n. beh.avi.o/l. and llR.ru~ UJeAe well CUlCJ.IIMCAi..bed. and. 

i..nj.ecti.on i.n.::l:.o a ll2i}Wn only ~ Oil. iMee rrm lt€lTIOved. {.Mm 

a V€.llJJ ad:i..ve die o ~ i..ndu.CR.d. no dumg,v.J. ( Zl) 

Th.e ilvzee compot.Ull:M i.n. i/2.e CJ-llOUP w::l:.ed uh.i..cA induCR.d. 

ih.e mo/.Ji. i.rde.nAe ~v.J tJJell£ 4ep:tal exiltaci:., o.hwpuz.e and. 

hiA:i:amLne. V aALabl.e /l.v.JpoMv.J oc<:ullAEfi. wi.1:h. i..njec:li...on of 

epuz.erJuu.n-e, 1.pllOrua~, d-LSO, and l.evoalderubwl.. Willi. 

/.Jep:tal exiltad beh.avLoMl chruu;,v.J WVl£ mo/.J::l:. m.aM.ed. wi.ih. 

2( 
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i.njedi.oM .iJ1.;fu i:Ae /.Jepiol. IW}WM and. -1ome.uAat l.fv.M i.n;/:.eJwe 

wLth. ,1i:J.mulaf1.on. i:o i:h.e hl.ppocampt.JA. Th.e monh.ey4 became 

mo/le pl..aci.d and el.ectAl..caL ll£C.O~ ✓-,h.owed. peal. ✓-,ei_~ 

cUA ~-( 27) 

5 epiol. ex.i.Aad con;/:,a,i,n✓.J a l.cvtg,e rwmbe1t o I ami.no aci.rlA, 

pep:ti.d.ed, and VaAi..ahl.e bu;l qµi_,ie high. q;umii-i,Led O I el.ed:Aol.y.:le.4. 

yorrm-omi.no-bu.1:JJAi.-c aci.d, ((jo/?A), hM no effed uAen i.njec.:l:.ed. 

n.oll. do 4<XWJm Oil. po:faMinm chJ.oAi.d_e. (xiM.ct/.J l_o4e acii...vi.i:.y, 

ove.Jt /.Jevvwl. mord:1-w. Ai:Jwpi.ne c.a.tJAed AR.laxatio~ bu;l iJi. 

a -1ch.i..g;ph.Aen,Lc <j)..ven ai:Aopi.ne i:he11.e UXJA an. i.nc.llf!Me i.n 

/.J~ iJi. i:Ae -1epiol. ~n. and. i:Ae hl.ppocompUA and. :the 

pai:i..eni became moll£ ~ and /,Mm IUd:attd.ed. ca:laioni..a 

-1/2.e Ch.aN;J,ed. i:o ex.d:l:emen;l, Ulh.en. i.njeded. wi..ih. epi.neplvu.n.e, 

d.-LSD, i..pllOnLa~ and l.eva/WVWWl., :the -1chi..g;ph.Aen,Lc UXJA 

/lJUCrX.ed., cal.m and. mo11.e coopvui;li..ve. {J/h.en. e/..ec:i.ll0d.e4 

/.Jiimul..ate :the h.uman 4epiol. JW}WM, "good. fee/..i..n.g4 11 
aAR-

1t£pold:ed. accompan-Led. by objecii...ve Cfta.lVfed iJi. i:Ae d.i.Aection. 

o I iJrmedi.ate ale.Jt:WUJ- ( 21 J 
Th.ell.e appeaM i:o be a llRl..ati.oM/up bei:ween :the acii..vi.i:.y, 

o I i:h.e /.Jepinl. A2f}Wn. and. ,1i.Jr.e1,1 a4 meaAUAR.d. by ll.lUJUVlJJ 
17-k.ei:o-1:leMi..cv.J and i:h.e eo/.Ji.n.oplul. ll£APoMe i:o el.eci:Ai..caL 

/.JiiJnul.a;aon.. Th.e au:thoM /.Jpecul.a:le i:ha.t liwi:am.j.n,e and an. M 

!fe.:l imc.omple.telff i.den;l:1..fLed. en.~e ft;11. meiaboli..p.nt; :the 

c.ompollJlli rnuJ,.:t ex.i./.J:l i.n Au;;J,. q;umii-ii-ed iJi. ih.e /.Jepial IW}Wn. 

and :l:h.aJ:. ih.e .i.Jtf..eAa.cii.on. bei:we.en. :them cou&. be o I coMi.d.eJtO.ble 

impald:an.ce a4 ih..e dtemi..cal /.Jub-1:uzaie {v11. :the p/uJ4i..ol.ogi-caL 

acii..vi.i:.y, of :t1uA key bllai.n. ~n. wi..ih. a4,1oci..aied. /luci:uai:i.i)M. ( 21) 



A ih.eolUJ 4ltlJ9,€4i:.ed. on ih.e e:ti.ol.o()IJ of 4chi..'3']pluwu.a 

iA :l:h.a:t ih.e ox.uii.~ d.vu..vai:i . .ve/.J of epi..ne.pvu.n.e weA£. 

e:ti.oloi:;}_c f-aci:oM i..n i:/2.e g,ene4J.A Of 4chi..'3'JrJuwu.a• lite. 
• .l:ed_ J..., 1L • • ,P,, II ( 28) wu..,.,._ I uj-po;uz_e✓.u../.j .I.A a&,., ,-u-UOIJJ/.J: 

(I) 11 Bi..och.emi..c.al coM:l:i.iui:J.on pl.M i:/2.e UJWLoll.Jt md.orwmi.c 
ch.am;;e. II 

( 2) 11 Auionani..c ch.ang,e ( i.nU:i..al) le.ad-1 io i..n.CA.00/Jed. 

pa!UL1~eii..c acli..v i..iJ;. " 
( J) " Au:l.orwmi.c ch.am;;,e (4econd.am;) le.ad-1 io i..n.CAE.aaed. 

4~e:ti..c ac:11..vU:.y.. '' 
(4} "{,puteplvu..ne M d.ei:oxi../J-ed. vi.a. ami..n.e oxl..d.aAe, 

4ui.{ne✓.Ji:.e.Jlri4e, and ph.en.olaae. Tll.iA ph.en.ol.aae 
mech.aniAm p!l£d.om1.nn;te4 i.n. 4 du. '30 pluwu.a wi.ffi. 

i:/2.e pAO<iucli..on o / ~ne indol.e✓.J ( adAe.rw clvtane4 
and at:bwwl.ui:J.Jt). ,, ( 28) 

( 5) 11Q,ti.rwne i.ndol.€4 hdeA.fe.Jt.e wi..iA celll!.Ollal me:l:a.bolMm. 11 

Lt h.tM been rwi:.ed. i:h.ai:. md.onomi.c diAil,vJ;ance4 GA£ 

V~ (Aeq;.ien:l:l..y. {nun.a i..n 4chi..'3']plvwu.CA and. :l:h.a:i:. i.n.CAE.Me/.J 

i..n conc.en:l:Ardi.on of ae<dJ;l.ch.o.lln.e (llch.) will. OJJ9AG-Vm 

4chi..'3']pluu,.nia. frlaruj indol.€4, ioo, GA£ e/fecli..ve €/.Jll?.lln4e 

.i...nhJJJUoM: 41..n.CR. €/.JU/l.a4€/.J i..nacli..vaie Ach., i:/2.e i..nhJ..bi.:Uon 

of e4i:.e.Jlri4e4 llRAul:tA i.n. pMl.o!UJed. Ach. acli..on. An i.n.CAE.Med. 

pllLXiucti..on o/ Ach. awo 4i:i.mulaie4 i:/2.e 4f!Tlpai:h.e:l:.i..c g,aru;;li.a. 

beCQJ.l,,je iich. iA ih.e ~ ih.Vte.: i:h.w llRAul:tA i..n an. 

i.n.CAE.Med. 4eCA.eii..on o/ noll2.pi.n.ep/vtine and epi..n..ep/vti..ne 

/Mm 4ympcdh.eii..c ne/l.Ve ~ and 4du.'3'JrJuwu.a iA ih.e.Jt.eb'J 

i..nduced. oA. Cl£)'JAl1,Vaied.. Th.uA ih.e combi..n.a:ti.on of an. i.n.CAE.Med. 

conc.en:l:Ardi.on and. acli..v.i.i:y- o/ Ach. c~ and an. abrwltlllCU 

di...veMi..on o / epi.nep/vtine i.rdo ✓.Jome i.ndole ( q;i.i.rwne} will. 

pllOCiuce 4 du..'30 pluu,.nia. ( 28) 
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FI.I.Ai:luvz. po/.Ji.:il.ve fad:/.J :fo~ i:hi..A ih.e.oJUJ i../.J th.at 

i.nlu..bi.i:oM oil. ami.ne ox.i.d..0/.Je uh.en. g).ven. in. exce✓.,/.J w.Lli 

plltXi.uC£. i-.ox.Lc p/.J1p:l1.0/.Je/.J1 1... e., cocaJ..n.e, d.e/.Jexyep'tedAi.n.e, 

( uiu...ch. block✓., both. ami.ne oxiil.0/.Je and. /.Jul./oe/.Ji:.ella/.Je}, 

amrJte:l.arnLn-e, LSD, moJt?'u-n-e, ca/lein.e and. ai.Aopi.ne. ~ 

of /.Jch.i..~plvwu..e1 wi.11. coniai.n. in.CA.eaAed conceni:Aai:i.tJM 

0 I ctJ1i..n.one indole/.J in_ ih.e p-rt-e4en.ce Of noJUnaL conC£.ni:Aa:tLoM 

o/ epi.nep/vrl.n.e. AdA£JWcfuwme and. ad.Mrwl.ui:i.n and. blood. 

/.JVUJm :fo ttiuch. epi.n.ep/uu-ne h.M been. added {o1t /.Jome h.oUM 

G/l£. an.i:.L-mei:.abollc ,1ub,1i.an.ce✓.,. Th.e.A£.p;A£., i..l pll.e/.Jen.i:. in. 

blood., th.e /.Jvuun of /.Jch.i..~p/Vl£n,le1 wi.11. ril.4o be :fox.Le :lo 

ce.llA. f3dAenocfuwme inlu.bw mi..io/.Je/.J in. moU/.Je epi.deJ11TU./.J. 

Th.e L-/.J:l:A.ai.n. /,wMblO/.J:la o~!f obi:aiJted. /Mm moU/.Je 

epi.ih..elLal. :l:i.A/.Jue all£. d.e/.Ji:Aoyed b'J i:.h.e /.JellU/TI. o/ ,1chJ..~p/Vl£n,le1. 

Ove1t 90% of /.Jample/.J o/ blood {Mm 4chJ..~p/Vl£n,le1 flltlM.e.dl!J 

i.n/uJ;i.:1:£.d. <J,Mwf.li o/ i:h.e/.Je <:.R..i.M. Th.e i.ox.i..cLilj i../.J ~e/.Ji:. 

at i:.h.e b~ of th.e <jAOWfh. p/2.aAe. Occa/.Ji.o~ <:.R..i.M 

/.)U/nli..ve and. mrJJj- pAiXftl.C£. fbUlli.Ahi.ng, cell. cul..:f.wuz/.J af-i:.e,t /J-.ve 

:lo /.J.i.x daff/.J. (:JS) 

Th.e mo,1i:. aAden.i:. pllOponen.i:. of i.h1.A th.eolUJ of abe.lVlD.fl.i. 

dei:ox.i..caii..on of epi.n.ep/uu-ne and. no1tepi..nepluu-ne and. oth.e1t 

medi..atoM ,1:/:o;le/.J th.at ih.e compaunda pll.e/.Jen.i:. in. th.e body 

uiu...ch. can be conven.ied 1..ni:o adM.no dvwme/.J oil. /Ji.mil.all. 

compounda G/l£. :bjAtMin.e, i:Jytami.n.e, dopamine, M~ 

and at:bwwli..ne. (;fl} Anoi:h.e1t pM ponen.1. cl.ai.JM J» have fowu:1. 

an ami.no CNlOme uiu...ch. i../.J pll£4en.i:. in. i:.h.e ~ cyi:.e/.J and wu..n.e 

of 90% of all. 4cAf~p/Vl£n,le1 wi:.ed. (29) 

~ 



-11.dAR.rwclvwme MA ih.e foll.owirlf; bi..odiemlc.al.. p.llOpeM}-e✓.J 

and. ac:ti..v i..i:l..e✓.J: ( 2/) 

I. " U i.A M?.adLly. pvl.ymeAi__~ io drvtkl.y. col.oAR.t:.!. p0rneni4 
and. i:hi.4 could aCCJJuni:. /o1t ih.e i.n.CA£.Med. pi.c)men;/:a;ti.i)n 

o t /JQme pa;l:Len;/;,,:J. " 
2. 11 Ii i.A a /J:oto/U} poi.Aon of celiul.a1t mi..io/Je✓.J and. 

;J/2.oul.d ih.e.Jl£foA.e plllXi.uce an al.:l:.e.Ao.:lwn of all 
W/JUe;J une/l£ <JfiOwi:li i.A M.pi.d. T h.iA may plllXi.uce 
A.educed /W.ie;J of W/Jue A.epaut and. /Jo acCJJuni /o1t 
ih.e i..nCll.e.aAed. i..nci.d.en.ce of i:ubvu:.ul..o/Ji.A i..n 
;j chJ.. ~ ~C pa;l:Len;la • II 

J. 11 f1dA£M dvwme ha✓., anti.lu.Aiami.ni..c p.llO pw.i_e;J, and. 
:!:hi.A COJ1. acCJJuni fo1t ih.e deC/l.ea;jed. i..nci.d.en.ce of 

al.l.Vll)Le/J i..n 4chJ..~p/vtEn,La and. ih.eut J..nC!l.ea;jed. 
ll2Ai.Aiance i.o /JWUj-i.c.al. 4fw ck. " 

4. 11 MA£Mdvwme Jtedu.Ce/J MC.llObic acid. and. dehydAoMCJJIUJic 
aci.d i.o a non-vJ..:famJ.n. 4uD/J:f:ance. Thi.A COJ1. acCJJu.rd. 

/o1t ih.e i..nCA£.Med. demand. /o1t MCJJIUJic aci.d /Jeen. 

i..n 4chJ..~~c pa;t;_e.n;&.J and. /o1t 4ome i:h.vtape.u;lic 
/JUCceM adu..eved wU:h. Moll.Die acid.. " 

5. 11 Ii i.A an i.nh1..bii.o1t o I ch.ol.i.n.e €/.JieM.;Je and. i:h.i.A 
CJJul.d acCJJu.rd. /o1t ih.e J..nC!l.ea;je in acei.!Jlch.oli..ne 

i..n 4chJ..~~c /Jali..va." 
6. 11 Ii i.n:hvt/-e1te✓.J wU:h. COAbo~ meiaboli.Am of 
~ and inh.i..b.i.i:A /J!fIW-Pii..C ~;Ji.on. " 

Th.e ih.eolllJ :that ar:!Aenodvtome and one of .i.i:A deAJ1iaii..v€/.J, 

adlwwluiin, O/l£. :l:oxi...c diemi..~ i.A bei..ru;J CJJnf,uuned b!l-

rnaJ'UJ LWMe.M. Th.e beh.aviollO,,{, ch.mu;;,€/.J uhi..di adlwwch.Mme 

i..nduee/J h.ave been. plllXi.uced. i..n c;upplf fl-Ah, /Jpi.d.e.M, puJeoM, 

mice, .ltllM, M.6bw, c.atA, diJ94, monh.e.JJA, and luunanA. (::fl) 

Th.e h.unum /J:lud;_e/J i..n uhi..di up :l:o 3J ~ of adlwwduwme 

/Jub~y weAe adrni.rtL1ie1ted., 1Z2Aulied. i..n pe1tcepiual. 

ch.mu;;,€/.J o I depe-M<Jnall~n, fe~ of ~ 

J..n_C/l.ea;jed_ 4eMi..tJ...vq f.o CJJJ.oJt, and. p;Jeurb-h.aliu.ciJudioM, 

25 



bo:l:h. vi.Awuu and audilo!UJ- Chmu;e,,j i.n. i:Aou.r;M and maM.ed 

ch.am;e,,j i.n. :l:h.e u.vlld (l/:Moci.a:ti..on. w:t ocCJ.J.MEd., M well M 

CNffUJ€4 i.n. mood.. ( 21) 

25 

A :l:abl.e uiu.ch. w:ld a numbeA. of indol.€4, :l:h.e h.allucl.ruxJeni..C 

d.o-1at;e, ih.eiA dvu..vailon. and :l:h.e :type o / p-1y,ch.oio1jeni..C acii..v i.:bJ 
cauAed by ih.em 1..4 pARAenied bel.ow: ( 2B) 

Table /* 

5 ub-1ian.C£. Do-1'!!1:!:.. fJ-1fl:..ch.omim.eh..c c,-1:1:.e.Nv.Je N cd.uAR. of:. 
'hw pe;d1_e4 I nhi.b.i.i:i.tJn. Acii..v¼, 

LSD /00 mq;,. ,1:f:Ao l1{J, ,1:f:Ao l1{J, i..ndol.e, l.eadA :lo 

Aa11..u.cuwien. i.n.Cl1.R.a/.Je o / 
epi.n.er)uu.n.e 

Bu ft;:teni..n. 15 mg,. rnodvude /.Ji:Ao!Uj i..ndol.e 

Aa11..u.ci.no<Jen. 

AiA.efl.Oduwme 25 mg,.l. V. modeAO.J:.e medium i..ndol.e 
✓., c/u_30miJneh..c 

A:vwwl.ui:i.n. 50 mg,. rp_ 0. maM.ed ? i..ndol.e 
✓., c/u_30miJneh..c 

c /.Jvu..n.e ? modvude -1:l:AofUJ i..ndol.e 
✓.,c/u_30mi.meh..c 

5 e/lJJ:f:oni.n. ln:IAa- mod.vzrde ,1:f:Ao l1{J, i..ndol.e 
ve.n.:bt}_culaA. h.all.uci.no<Jen. 

TIUJp:l:.ami.n.e OMl modvude miJ.d i..ndol.e, l.eadA :to 

ca:1:atoni.a i.n.Cl1.R.a/.J e o I 
epi.n.e~ 



27' 

7 able I (oni:inued: 

5ub✓.Jiance Oo/J(!.!);_e rp -1y.chomi.me.:ti..c 
fJ llO pe;di..e,a 

l /J:l:£.lta4e Na:1:wte vi 
I nhi.b.lti.on A dlv !:!:Ji. 

(a//ei.n.e i.ant;e mod.vu:d.e 
euplwAi.an:t 

miJrl. epin.e.pluwte 
plltXiuc:iLon up 

/ne,a(JO,,UJte 4oo l11lJ-

*(£) 

-1:i:;w n.g, 
h.a11.uci.n,x;m 

? ? 

In /.Junmalf1J :th.m :th.e am1.n.o clvwme h.y.po:/:h.e,a}A o / :th.e e:lwlvC)lj 

o/ /Jdu...~pfvterua po-1tulaie✓.J :l:h.a:l i:h.e.Ae 1.4 an abnvltl1l0i.i..i:.y i..n. 

:th.e md:on.omLc neAJ10U/.J /Jy,a:lem uiu..dt 1A exp11£A✓.,ed dtemi..callr; 

i..n. :th.e i..n.CAE.Med pAOduc:iLon o/ bo:th. Adt and /.Jome oxidi..~ 

dvzi..vai:i..veA ol ad.A£n.alu,,e.: :f.h.e4e ox1..di..3ed dvzi..vai:i..veA OA.e 

/Ji.mil.0/l. in -1:l.Aud:wt£. io elth.e1t. ad.M.n.odtllOme 011. ad.M.n.ol.uii.n.. ( .JJ) 

&:th. adA.erwdtllOme and adA.erwl.u:ti.n. h.ave -1i.mi.l..aA. p/liJpvdi..eA in 

plltXiuci..ng, p4r;dwlo<J,Lcal. cA.wu;e,a M can be ✓.Jeen f.Aom 7 able I. 

tVAenvdtllOme ( ]-OI-I-N-(_/15 5, 6-dJ.xoi.nd.ol.e) and aken.oltdi.n., 

(J,5,6-i:Ai..-((11)-1-(jl] i..ndvle} h.ave nv:l bem de:tec±Rrl i..n. blood 

nv11. h.ave en.Pf"le /J!f1i:.errv.J bem cl.ervzl.r; demoMhuded uiu..dt can 

pAOdue2. :th.em f.Aom adJz.enali.ne. ( .JJ) 

7 uv vi!te11. UVM.eM h.ave h.oweve11. demoMhuded :th.a:t epLn.ephAi..ne 

added io /Jdu...~phAeni..c /.Je.JUUn t.lXv.' 11.0.pi.dllJ convvded io a fl2JO 

/.Jub-1:l:ane2. h.avJ..ru; an ab✓.Jollpi:,wn peak at Yl5 ma. Th.e /Jame 

conve.Mi..on ocCU/Vl£11 :lo a leA/.JeJt. det;)M-e in nvJtirUJl /.Je.JUUn. On 

adding, adA.erwl.u:ti.n. io ✓.,du...~phAeni..c /.Je.JUUn .U 1.4 found. :th.a:t 

af;te;t. one mi.ru.de :th.e ab/.Jollp:li...on peak o I adA.erwluti.n. and 

epLn.erJvu-n.e 1A much. :th.e /.Jame M a:l ~ rni.ru.de1, /JlUj(JeAi:1.ng, 



iAat i:h.e ✓.Jub✓.Ji.an.ceA plltned in blood /.JeJUJJn pwm ~ 
1A <KVWWlu:Un.. Tfte4e t©M.e.M &.1.ppo4edl!f f.ound. an ert3!fl'le 

in 4ch.i.."ffe plvteni.c /.JeJUJJn uiu..cA aonvvd/.J ~ io at:iA£nol.uti.n. 

bu± i:h.ey. do no:I:. fwdh.e.;t. elabolltde on ii:. in :l:1i1A w!th.. ( ,JJ) 

In -1UppoAi:. of i:h.e arni..nodvtome /u,;po~ 1A a ll.ecen:l 

-1i:u.JJ; uh.Leh. OJMiA:l:.ed O I duiornatogAGpy, 0 I mai:.e.Ai.al pll£.ci_pila;ted 

pwm -1du.30plvteni.c wu..n.e wi..i:/2. lead acei..aie. Seven d.i.//e.Jl£Jd 

-101.ven:I:. -1~:l:.env.J UJell£. U/.Jed and in -1i:udi..e4 made wLi:h. an.e. 

-101.veni. -11µ:f.Rm, f.ouAi:.een. o I ni.ndeen. paii_eni:A di...a.gno-1ed. by 

i:h.e di.ni..c and -1i.o.// a/.J h.av-U11J -1du.30plurenl.a tue?ll£ f.ound. io 

h.ave an.i.rwduwme4 in i:h.eiA wu..n.e. Of i:h.e :l:wen:b; cnniAol. 

,aubjed:A, iwo !tad arni..no-duwme4 in ih.eiA wu.n.e. ( 3 I) 

Such f.avoJW.bl.e /le/.Jul.iA llJe/t£ no:I:. ob:tai..ned in a -1:i:udJ; 

u:tiJ.i..~ ih.e lVU.Jl£4 o I ,JJ male -1du.30plvteni.◊.1 and non-

4 du..30p/vteni.CA uno !tad been admi.i:.:l:.ed. io a 11£/.JeaA.ch. llJO.l1li. in 

fjfiOUp,1 o I f1-ve aµ,vz. unanl.moU/.J di...a.gno✓.Jii..c agA£-emen:I:. be:l:ween. 

i:h.ll£.e i.nd.ependen:I:. p,ay,dtl..ahw.J:&. Ali. well£. o / medi..cati.oM 

and on a coMi.o.n:I:. di..e:I:. pll. pUll. week,,J. No di..//ell£.nce4 

cnul.d. be d.e:tec:l:.ed in ih.e ami.n.odvtome cnn:l:.eni. of wu..n.e4 

/Mm i:h.e iwo fjllOUp,1• ( 32) 

In a ,11:ud.y done on a.AOmaiuJu.a, much. c.aAE. l1X1A iah.en. io 

eli.rni.na;t,e. i:h.e v<1Aiabl.e4 ✓.Juc/2. M d.i.e:I:., cbtu.g4, UIU.Jte dlJ.utLon, 

and iM:vu.unen.:lal. abe.JVltdl.oM. Th.vtef.oll£. all wu..n.e 4peci.meM 

,aubrni..i::t.ed /.oil. i:h.e :l:.e/.J:I:. UJell£. (,uw:I:. :l:.e4:l:.ed pll. i:h.e po/.)/.)ibl.e 

p/le/.Jen.ce o I cbtu.g4, pcvri:Lcul..ad.y, a~q;li_c ac1.d. and i:h.e 

ph.erwih.iap..n.e ~~• A d.eMiiome:l:.ell. lttv.l U✓.Jed pll. 

objedi..ve ll£.QJ~ and all value4 well£. ll£1.a:l:.ed io i:h.e Wli.ne 

Cll.ea:Wl1.n.e. lite pa;tien:la UJell£. -1el.eci.ed e.aMf/ in i:h.e COWlAe 

of h.o-1pi.i:all~n bef.oll£. p4y,clwf'uvrmaceuii..ca1 Oi)em/.J oil. 

,;jg 



,?/ , 

/.)chock ilivwp!f llJCv.1 iA:ti..:bded. ( JJ) 

Th.e iutJ :1:£./.JiA IWJl on ilie UIU..fle/.J ~e pJll. c.ol.olli.mehu.c 

de:f.tvuni.na;f:n o/ i.ndi..can. and {oil a bllOad duwrna;to<paplu_c ,ai:udy, o/ 

di.a.30- c.oupl,Lng, compoWUVJ. Tftell.e WVte I JI ,achi..p;pluwii..CA and. I,?/ 

Mnnal ,aubJeciA ,aiudi..ed.. Boili ilie aAOmaJ:i..c llaii..ru;J and. i.Jldi..can 

llaiinn/' va;u_ed. wU:h. /.Jex and. atJ,e and. iJu.A llJCv.1 ll.ela:led. i:o ilie /.Jame 

vaAi...ati..on in ilie ~ C ,a,aerdLaJ.1..y, &.mi..l.all. val.ue,a WVte obi:ai.n.ed. 

uh.en acute -1chJ..p;p/vr.enJ..CA W<Vl£. c.ompcvtEd wU:Ji appllOplli..a:le c.orwwl.-11 

,au/xli.,vid.ed. acc.o~ :l:.o OIJe and. ,1ex. Th.e mdh.oM ,1:f.ai.e :th.ai:, t1u.A 

-1:i:ud.y c/.oe,a Mi pllOvid.e evidence ~i ilie exC/lld:ion b!f ,achi..p;pluwii..CA 

of abMIUTlf:ll :f:Aace meiaboli..:f:RA uhJ..ch. u.vul.d. rwi be de:tecied. on ilie 

dvtoma:l:.orpmM. ( JJ) 

Oi..~ ,a:tudi._e,a cl.one aMo i.ndica:le :th.ai:, ,aevvwl. c.orrmon f.oodA oil. 

d.m.u;4 tn01J p.ruxiuce a -1i.gni.fJ-cani inCA.ea/.Je i..n aAOrnai:wli.a. Th.e pcvdi._cul.a.A. 

i.:f.errvJ a/le aC£:ajMallCJJ1Lc acu:i, c.o ff ee, plWJle,a, p~xi..ne. and. io a 

J.e,a-1ell. exienJ:, ba.naruM. Tluv.Je f71J.Uji be ,aui.,iabl.!f c.orwwiled. i:o c;ei 

meaJU.JUJful -1:tudi..e,a. ( JJ) 

Anoi:AM NJpOilie,aiA f.omuda:led. on ilie etiol.o9Jf ol ,achi..p;pluumia 

iA ilie ca:lech.ol.ami..ne lwrrf)Oili<!.,1,l./.J o I a//ecfJ...ve duJo!tdeM: i..i expoWUVJ 

i:Aa:l /.Jome, bui Mi all., depllR/.)/.),U)M aA£ 0/.J/.Jocud.ed. wU:h. a /UU.a:l:i..ve 

de/J-ci.enCJJ of ca:lech.olamuie,a, p<Vd:,LculOAl.y, rwll.epi.neplvun.e, a:l 

/uncfJ...onall!f i.mpold.an;:t ~c ll.ecepi:oll. /.Ji..ie,a in ilie b~ /rlood 

elevaf.i..on, i..nveMely, may be M/.Joci.aied. wU:h. and exce,a,1 of -1uch. am1..ne,a. 

Ii llJCv.1 ,a~ied. ilia:l rwMpi.nepluu._n,e, d.opamutR-, and. /.JVlDionui 'Tlalf 

e.ach. /uncilon duzedly M ~ -1ub-1icm.ce,- oi:AeM po-1iul.rde 

iliai ilie,ae aml..ne,a mm; aci M mocul.aioM oil. ll£.O,;-J..aioM of ,aynap:fi.-c 

~wn me.di..a.J:,ed bu /.JOITl,e oih.ell. di.M..ci V1.<1Ml11i.;:ttell. -1uch. M 
0 

acefJ;lch.olLne, {.o1t. example. ( JI) Surrmcdi..on of ilie pllOpvdi..eA of -10me 

of ilie ph.<vmac.ol.o~c.al ao~ uhJ..ch. -1uppod ih.i.A NJpOih.e,aiA a/le 



I 

.JJ 

pll24en:l:.ed. i.n. 7 able 2. 

Table? 

~ llled. on. !nood ffled. lt/ec,;&.J on Cai:R.clwlanuiea 
1.it lwrrumA on. i.n. iAe BllfLi..n. 

Behav i.oll. 

fp_e,ae;zpi.n..e 5 ed.a:ii.on. 5 erlrdi.on. Depl.eii..on.( i.n:btacel1ulall. 
deami.n.aii..on. and 
i.nacti..vcdi..on. i.n. mi..i:o dwnr:bu.a 
by MAO, ei:.c.. ) 

T ehzaben~e 5ed.a:ii.on 5 eda:ti.on. De.pl.e:tLon.( i.n:btacellulall. 
deami.n.aii..on. and. 
deacti..vcdi..on.} 

/Im~ 5ii.mul.a:twn 5 :1:1.mul.cdi..on. <R.el.ea,1 ea rwJt£.pi..neph.;wie 
[x.c.U:R.men:t (onfo ll.eCR.pioM?) 

lnhJ..bUA cel1u1tvt upi:o/4e 
and. 1.nac:li...va:twn. o t 
rwJt£.pi..n.e~ 

/r'ion.ami.n.e oxl.r:LMe An.:ti.d.epJteMan:I:. [x.cii:Rmem:_, I n,Cll.efu.j ea ca:f.e.clwl..ami..n.ea 
i.nlu..b.i..ioM 'f ll.eVen.iA i.n. iAe bllOi.n. 

and_ Jt£.VeM€-a 

ll24ettpi..ri,e 
i.ndu.CR.d 
/.Jeda:ti.on. 

lmi...plU1Tlli.Jte An:ti.d.epll24-dani <p /l.eve.n,:&., ln.Cll.efu.je,a th.em ( catec/wlam,. 
ll24ettpi..ri,e- .i.rtea) 
iJuluced. 
✓-,eda:11.on. 



Table 2 (onii.nued: 

0!3t 

Dopami,ne 

*(Ji) 

{,fjed on ~lood. 

in luunanA 
l/-l:_ed 

on 
Be!w.v i..oll. 

31 

{,/~ec:IA on (a:i.edwl.ani.nR..-1 
in :l:Ae B/l.aUI. 

7?eveMe✓.i e//ec.;&.J {,xcL-temen± lnC/l£.(J/:Je✓., cai.R.dwlarn.i.n£A 
o/ /1£4~ 7?eveMe✓.i 

ll£4ellfU-l?,e 

e//ec:!A 

7 liw h.ypoih.edu.J mG.!f- ul.i:imaiel.!f be conp_nmed ~ll. ce.Jd:n1n, /.JUD<)AOU(M' 

bu:t JW:I:. neCe✓.l4Mi.l!f {oil. ail d.ep/1£4✓.u.oM. Th.e -1u.g,r;e✓.1:l:i.on {Aom ih.e✓.ie 

-<ltudi...e✓.i 1A :/:h.a;t :l:Ae adi.oM of both. maj»ll. daMe✓.i o/ OidLd.ep/1£4/.JCUUA 

aAe me.duded ih.Aou.n,A ih.e caiR.dwl..ami..M. Th.e iiw 1.nn.c±i.vaioM o/ 

epi.n.ep/uiuie and MllR.pi.n£-p/2AiJ,.e aAe ca;lec/wl.amin.e metluj)- ±.lww/VZO/Je ((Oi1T ), 

and monami.ne oxi.daAe, (~itfJ). Th.e moru:oni.ne oxi.daAe i.Jihi..bLtoM (fr1110l) 

inCA£.a/.Je :l:Ae bll11i.n.. con~n of Mll£pi_nep/uiuie uJu.l.e i.rru_p/l1J/7U.Jl£-

llke ag,en:bJ po:len:ti.ate ih.e p/uJAwlog).-c.al e//ec.;&.J o / JWllR.~ ( ]'f) 

In a d.~n o I WUJW/lJj epi.ne.p/uiuie i..n a 211--h.oUll.-UAi..n.e /.Jampl..e, 

d l1X14 ~und. :l:Aai 14 out of 17 pa;li.erd:A taU:h. Vall.WU-1 p-1y,ch.i..at,;u_c 

diAolld.eM had i..n.CA£.a/.Jed ex.CA.di.on. Th.e✓.ie i..n.Cll£Cv.Jed oui.pu;&J vMi..ed 

{Aom 2CO io lj"}O mc.g., / ;ft. h.oUMj :l:Ae l.alllj,e✓.i:I:. ou:f.pui:. l1X14 ! ! 84 m9, / .2'-lh.M. 

T h.e JWmial ll111Vfe i..n iwen,;!:y,-~Ull. p:di-e.n:!A vaA.i..ed {-Mm 0-59 • 5 mc.g.. / 2'-1- h.M, 

oil. 20 mcg/ 211- lvw. {oil. an aveJUlJJe value. Th.e✓.ie i..n.CllR.Med value✓.i aAe 

ll.lU:hm :l:Ae llOJVJ,e o/ ph.eoclvwmoq;;lolTJO/J and emp/2.<Mi..3£ ih.e fad ilud. 

i..n.Cll£Cv.Jed epi..ne.ph.;un.e exCAE.ilon 1A no:I:. pa;t}wgoMmi..c {v1t ad.A.en.al.. 

me.duJJ..cuzy, and clvwma/f,'i..n dicin. iunoM. ( 35) 

Th.e pll£4en.ce o/ /.J~!f latujeJZ. amouni:A of cai.R.dwlarni..nRA 

-1uch. w., epi..n.ephAiJ,.e, JW1tepi..neph.;urie, and o:l-Juvz. ll£1.a;ted -1ub,1:l:.ance✓.i i..n 

ih.e WUJ/R./.J of /.Jdu..-p;plvz,e.n,i.,CA h.ave been. llR.po/ded.. 



On -1u6CJ.dxuie.oU-1 injeci:i.c,n o! epi..nep/vti.ne Lt /2.ad aMo been 

f-ound. :llud -1chi..30r:Juwu-~ exC/ld:£. mu.di hi_g}te1t q;ian.il.Ji-e✓.1 of 

:fAe ca;tecJwj_anuJl£4 i.n ih.euz. wzi.ne,,1 :tJum MIUnOM. ( p) 

Abe.M.an:t paAO,-ome.:l:Ju;1.a,twn o I J, 4-di..-/up.Mx.!f-ph.ene:l:h.ylami.n.e 

( d.opami.ne) i.n /.Jchi..30r:Juwu-~ may. cordALbu.i:e io ih.e merd:oJ.. .lwu:!A/.J. 

t1/.J /1£.vLewed. bef-oAE., ih..e maj,oll meiabouc end_ p1Wduci/.J O I ih.e 

ccd:.edwl.ami.n.e✓.1 C1/l£. ilie COIVl£A[»ndi.n.g, aci.dtJ lle✓.lulti.ru; /.Mm 

deami.nati.on and ox.i..cLa:twn. Th£ vanJ.l.mand.eli..c acLd. (VM} 

cord.eni:. of wu.ne L/.J coMi.dvwi. io Jt£.plle✓.lerd a maj,oll [»lvli..on 

0 t meiabou Jed epi..nep/vti.n,e and MJt£.pi.n£-p/vti.ne. Wh.en do pami.ne 

tlXM adrni.n.wi:elzed. io llO.i:4, ih.eJJ- exCAd:.ed :th.e /.Jome p;todud 

al.mo-1:t excl.u4Lvel..y., 3, 4-di.me:tlwx.9ph.eru;f.aC£i:i..c add. T4e, /.Jame 

me:l:ahouc ~ L/.J f-oliowed i.n AumaM uh.en d.o pami.ne L/.J 

adrni.n.w:tvwi. io iliem. ( 37) Th.e concen:budi..on o t 
3, 4-dimeih.ox.!fph.emJi.ace:li..c acLd. i.n ih.e wu.ne o I h.umaM tlXM (.ound 

io be /0-P mcg/ 9ffl- CJt£.ali..nLne i.n a 1.alltje ru.onbe1t of /.Jompl.e✓.1. 

No :btul!f dr;nJ-/J-card dL//eJl£.fl.ce✓., could be de:teded be:lween. 

:tAe /.Jchi..30r:Juwu-~ and no~. Th.e i.den.:l:il:.ij of ih.e ll.lU.Il.aAlJ
exCAE±i.on pllJJ<iud M 3, 4-di.me:l:lwxypkluu;LaC£i:i..c acLd. llXlA 

conflAned b!f w dtemi..cal.. p1Wpe;di..e✓.1 and by, ilu..n l.aye1t 

cluwmai:.ocyzap/µJ on a vaAJ...ei:y- o / column✓., and Lt llXlA fwd},.ell. 

con{iAned D!f- ma/.J/.J -1peciAom~ ( 37} 

AbeAAJ:Jn:i:. o-me:/:hylai:i..on i.n c.aiedwl.ani.ne meiabol..u.m L/.J 

-1¥,f,Lccud. i.n :l:h.e e:l:i..ol.o<J!f o/ -1du..30rJvwu-a. becawJe of :tAe 

ph.amiacol.o(jlcal.. e//eci/.J o / a ru.onbe1t o / paAO,-o-me:l:h.ylaiEd. 

c.aiedwl.amlneA and 6ecawJe ol :tAe deteci.Lon of an abnoanal 

o-mei:Ju;La:ted ccd:.edwl.anine meiabol.Ue i.n :l:h.e wzi.ne vi 

-1chi..30r:Juwu-~. ( ):]) Li.veil. and bllO,Ut ~ceA vi boiA nonnal. 

32 
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wul. ✓.u:hi..~p/VlRJU..c 4ubjec:l:4 UJe.A£ imn~ upon deatA 

i..ncubaied. llliJA do pami.n£ to dek.ltmi..n.e CUUJ di../ f e.1W1.c.2,1 i..n i:h.e 

amourtfA o I 2-( J, 4-di.mei:h.ox.y,ph.em;l-) e:IJu;larnuie-/-14( 

h.yd.MdJ.olzi.d.e p/tOCll.J.c.ed.. Th.e JtMui.:l:A {.Mm i:h.e i..ncubai.i.on o/ 

l.i..vell. Mi..c.2,1 pwm 4ix ✓.u:Jt.L30p/VlRJU..CA wul. :l:lvuz.e Mlllllal:J failed 

to 4fww conve/l/ji.on o/ dopamine to labl.ed J, 4-di.mei:h.ox.y,ph.ene:l:Ju;l.ami.n.e. 

Th.eAe IJXJ/.) al:Jo M conve/l/ji.on by, i:h.e bll111n. 4lJ..ceo o/ p)UA. 

,1chJ..30pluwu...C/J wul. one Mlllllal.. to J, 4-di.mei:h.o><-ff-rJume:fJu;l.ami.ne 

o/ doparni.ne. Since Ve.JlJJ hJ..gA courtfA o/ l.abeled J-mei:h.ox.y,-4-

~x.yph.eru;l-ei:Ju;1.ami.n.e UJe.A£ obiai.n.ed, il llX1/.) beli..eved ilud. 

i:h.e IWW1.iA <JAR. vali.d. wul. ilud. hJ..gA ca±edwlami.n.e mei:Ju;1. 

iA.aM/e.Jlfv.je ad:i..vli:.!f IJXJ/.) pltMeni iJi i:h.e l.i..vell. and. 611111n. 
&.i..c.2,1. ( )3) 

In a fwd:h-Vl. -1:b.u:l.y, J, 4--di.Ayd.Aox.yph.eru;lal..ani.n.e-2- I 4( 

IJXJ/.) admi.ni.Ai:EAed f.o :b.w cluwni..c -1chi..~p/VlRJU..c paiLen:1:A wul. l.evel.-1 

o I J, 4-dl.mei:h.o'XJJPl-ene:IJu;lvni..ne wul. J, 4-dJ..mei:h.o~aceii.c 

acid UJe.A£ dd:.e.ltrni..ned on i:h.euz. ll.lUJlR/.)• Ii:. llX1/.) /iJund. i:h.ai 

miJud.e. amoun:IA o I boi:h. o I i:h.eoe wvte obixwied uAeAe a-1 i:h.e yi-eld. 

o/ Fn,ei:h.ox.y,-4-h.yd.Mx.yph..e.ru;l.ace:l:Lc aci.d. IIXl/.J hiJyt, /JUIJ{feoii.Ju;f 

ilud. J, 4-di.mei:h.ox.y,ph.e.n.yl.aceii.c acid wul. J, 4-dl.mei:h.ox.yph.ene:fJu;l.ami.ne 

<JAR. noi:. me:l:a6ol.i.i:.e4 o I J, 4--di.Ayd.AoXfj-pieny).al..ani.n.e i..n i:h.e 

clvwni..c 4chJ..~p/VlRJU..c. ( )3) In ienvwl.., i:h.eAe h.a-1 been 

diAarJAR-emen:l:. M to i:h.eoe ~. (.JI) 

T h.e compound. J, 4-di.me:!:lwx.y,ph.ene.iJu;l_ami..rte ( /Jn'Pcfl) h.a-1 cl.o-1e 

,1:btuc.iuMJ. ki.Mh.i..p wL:l:A meo cali..ne, a well eo:l:abwh.ed 

p-1y,dwiog,en. T h.e compound e, 4--di.Ayd.Aox!JP1-e.n.ef:lu;1.ami.n.e 

( dopami.n£) ,1e.,weo, i..n rwnnal. me:l:abolL-m M i:h.e pJt.eCUMoA. 

o/ no~ and epi.nR..rJvu..n-e but U h.a-1 been Mt)Ued ilud. 

an. abnoroial. me.iJu,;l.a±i.on rnJ.# ocCUA. pJt.e/~y, i..n 

p-1y,dw:1i..CA. Tiu.A -1peci..fi..c conv<VlAi.on yi-el.di.ng, J, 4-dl.mei:h.oXJJph.e.n.eilu;i.ami.n.e 



( /111'Pffi} ftM been -1h.own in. /.Jf/41.env.J 111.n. v.i..vo "• An ~n of 

d.opamute mei:.abolwm ha✓., been otMeJV.led in. -1chL~rJuwu.c-J and. 

i:1iiA ha✓., been a,Moci.ai:Ef:L w.i.,:i;h, an. abrw/1JTI.Gl. .:tAanAnei:Ju;l-a:twn. (YI) 

In a ,1i:ud.y, i:o d~ uh.e.ih.eA. 0117-fA i.A a p-1ych.oi:omi.metJ..c 

~ in. rw/U!IOA. lwman. -1uhjed:A, cyzaded d.o-1CJJ)£,1 o I ih.e ami.n.e 

/upAOduolli.de UJeA.e admi.niAhvzed. vllOll.y at levw i:h.a;t llml1Jed 

{Mm &J mo;;. i:o appMx.iJna:lel.y 6. 8 mg/ k9- o I body weujd:. 

T hAee -1uhjed:/.J 1t2.cei.:,zed 500 ~ o I :l:h.e ami.n.e ,1aU:, and. 

arw:th.eA. 1t2.cei..ved ·a i:oial. of 900 mg, cli.A:bu.bui.ed. oveA. ✓-'even 

~. No behavi.oAal. oil. ~ych.oi.Aopi..c ef/ew UJe1t2. rwi:R.d., no1t 

UJe1t2. :th.e1t2. an.JJ i..ndi.caii..oM o I G.Ldonomi..c cli.Ai:uA.oan.c.eA. 

An.al~ of ih.e wu...n.e of one /.JU.bject 1t2.celvi.ng, /00 mg,. -1h.owe.d. 

:th.at. altlwuglt 3, 4-dime:tfwxyrJtenyl.aceiJ..c aci..d 1.IX14 ih.e pti.nuvuJ 

excAe.:b:MJJ ptWduct and. accv{Jfl;/:eJ /.o1t mo1t2. :th.an one /2.al..f of 

:th.e adm.i..nl.A:l.eAR.d d.o-1e, u.nCNiJ1ffed l»lY:,cA could. ,1ii.ll. be dei.ected 

{Mm :th.e o~ J..ng,e-1:tion. Thi.A l.ach. of ~'Jch.oi:ornun.eii..c 

ef /ect allf)Ue/.J agai..n,:Ji :th.e pcvdi..ci..pai.Lon o I :l:h.w compvund. 

in. ih.e i.:li.ol.o()JJ of :l:h.e clJ.Aea,;;3e. ( 39) 

7/2.e lVU..11.e ✓-'pe.ci.merw of ien 1t2.c.en:i:l.y, admi.ll.ed aadR.. 

,1du.~rJuwu.c✓.1 UJeAR. anal'J-3£-d f.o1t 3, 4-dl.me:tfwx.'Jph.ene:flu;lami.ne 

(!1rl7'ffi}. Th.e ien ✓-,c/u.~p!vw?.Lc-J UJe/l2. kepi on a v~le-f.Aee 

and fAu,Li-f.Aee di.et and :th.ei.A. di.w UJeAR. f.Aee of an.JJ a!di..fl-cal. 

/J.o.volli.ng4. Ni.ne 1t2.celved no d.Au.g4 excepi pruwl.deltv:J..e and 

chkAal. ~/ one of th.em h.ad. been on duollfOlllna.Ji.n-e 

✓-'even daf/4 plli..o1t i:o cvlied:i.on of :th.e WUJLe -1ampl.e. Ull.i..ne 

volLune-1 co~ 500 mg, CAR.a:tLnJ..n.e ~valeni We/lE. annl..y3-ed 

U/.U.f/fJ cati..on ex.CNll1ffe ll.f!./.Jlll/.j. No J, 4-dl.mei:h.ox.yrl7-ene:tluj1.amlne 

/JJ(J/.) 1t2.covell.ed on an.JJ -1pe.ci.men. No ani.ne /JJ(J/.) detected uiien. 

vvl.umea co~ 2,000 mg, CA.R.ati..n1..ne ~vale.rd UJeAR. anol.!f3-ed. 
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fooled duollO folTITI. exfAa.c:&., o / :ten -1 du..30 rJvz.enl-ca I ll/U.l1RA 

an.al.yJed on ion exch.an.g,e dU1 yi..el.d.ed no amin.e. TM.AE.fo/1£. 

u ll,tW c.oncl.uded ilud J, 4-dime:l:h.ox.!fP'ien.ellvjl.ami..n.e (Dnf)[A) 

ex<:.IUdi..on llR.Aul.iA {.Mm v~ei:a.ble-1 and. ~ i.n. i:h..e dLe.i:. 

Ii. U,tW GMo -1~:t.ed :l:h.ai. i:h..e baci.eAial. culi.wze✓., p/l£.4en.:l 

i.n. i:h..e <JUi of h.o-1pU:al.J..~ pauen;t✓., mG1j- be llR.ApoMi.ble 

fo1t DnrfA awo. (4o) 

TAe "plnh. -1poi." /1£.polli:.e.dl..y found on pa.pell- dvzonudo;)A-<1-py 

of -1du..30rJvz.enl-ca I Wli..ne-1 U,tW i.n.ve-1:f:.u;;aied. Only one paii..ent 

U,tW fr;und io Aave a pLnk -1poi. 5Ae h.ad. h.ad. a leuc.o:l:onl.!f 

- and. U i.A th.ow;h:t :l:h.ai. leuc.o:fuml..e,j <:aJMe -1ec.ondruu;. cftanffe-1 

i.n. i:h..e bG/.Jal. ~ uiu..cA A£M.ell/.J i:h..em ✓-'ll.4 cepfille io ioxi..c 

damag,e by :l:h.e p',.enoilti..a~e-1. T liw patLent h.ad. awo been 

hteai:.ed. wi.i:h. i:h..e p',.enoi:h.L~e-1. TAe po✓.MLbLli.i.t; of "pink -1poi" 

bei.n.<J G/.J-1oclated wU:h. blllLUI. damGIJ-e i..nduced. by :l:h.e r),.erwilti..a~ 

i.A -1uppolli:.ed by :l:h.e f.a.ci ~ U i.A p;und. i.n. lu_g}t c.onc.e.nhw.J:i.£JM 

i.n. i:h..e Wli..n.e-1 o / pailen;l,J .f.n i:h..e U/U.Jl£/.J o / pa;li.en;l,J -1u//Vli.n.<J 

01Jf12 f'cLll/wv.Jonwn, a diAe.0/.Je i.n. uh.i..cA :l:Ae b/UWL i.A i.ndu.Jptdn.bly 

damag,ed. 7Ae 1'pinh. -1poi" mG1j- al.-10 Aave a ll£i.a:twMhi...p io 
_/ . (4!) 
aopanu.n.e. 

Ch.llOni..c -1du..30rJvz.enl-ca lllVl£ gi..ven a poieni !>1/VI i.n. an 

effolli:. io i.n.Clt£a4e i:h..e WUJl.a/lJJ exCllld:i.on of ami.n.e4 /.Judi M 

J, 4-dimei.h.oXIJrJi-en~ p-me:l:Aoxypheneifujlamin.e, and 

911.p;i£ni.n.. 7h.e4e ami.n2A /JJVl£. rwi deiecied i.n. an.lJ of i:h..e 

wu..ne-1. Nei..:l:h.e.Jt 1./Je/te iAey able io deieci aJ1JJ -11..f.n,Lp_can;1:. 

di../le.JWtce-1 be:J:ween i:h..e pati:tutn- of WUJl.a/lJJ ami..n.e-1 ex.CAEi:.ed 

b!f cAllOni..c -1du..30rJvz.enl-C:J and. :l:h.ai. o/ meni:all.!f Lil paiLe.niA 

w.U:h.ot.d -1du..30plvtenl.n. uiw -11uvt.e.d. i:h..e NJ/.Jpi..i.al. envi..llOnment 

wi..:l:h. i:h..e -1du..30r}vzf!Jli_c paiLen;l,J. Ii 1..4 c.oncl.ud.ed :l:h.ai. rw 
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c.on.vi.n.CUllJ evi..den.ce 6 !fei:. been. pll24en±Ed i:o i.mpll..cai:.e 

eith.eA /UJ1.fJ metliox.ylaied ph,en.e:i:h.y1ani.n.e.4 O/t l✓-rnei:JUjl.cded 

i.ndol.e ami.n.e.4 i.n. :l:h.e e:l:i..ol.o<;J!f of 4du.._~~ (42) 

An. ~i...d of compJLuuM pll24eni l!n. UJUJlR, pool.A {.Mm , 

4chi..'ffep/vten.LC1 and no/UT111M l.llfM done. Onl!f- :f:h.o4e c.ompounda 

idu..di fflve c.ol.oM wi:l:h.. di.a'ffei:J.Jed /.Jul.~c add and 

uiu.di can be exiAa.d:.ed wi.:l.h. e;th,y).-acetaie o/t elu:ted wi:l:h.. 

aqµeoM rJi.enol. pwm duvu:oal. ab/.Jolt.baie.d UJeAe dei:.vuni..n.ed. 

of :l:h.e oveA 80 compowi.dA de:i:R.c.i:.ed, on.I.ff ih.Aee uiu.di do not. 

c.orwu.bui:.e mrvtkedl.!f i:o :l:h.e ove.;w)l c.ol.o/UJ11} pcdhvui Ii.ave 

appe.<ME-d. uni.qµel!f- i.n. ih.Aee wu..n.e pMpcvuduJM pzixn /.Jchi..'ffep/vten.Lo,. 

Th.e :th.Me c.ompol.llUM aM no:I:. i..den:ti..µed. Tkee c.ompounda uiu.di 

Ii.ave neveA y.e:1:. been. CNtorna:l:ocyro.piu..cal4- de:l:.ec.i:.ed bui:. uiu.di aM 

pll24en.:I:. i.n. :l:h.e wu..n.e.4 bf bo:l:h. /.Jchi..'ffep/vten.Le1 and nol1lfla,,{A aM 

UlliJcmu.c aci..d, 2-aceJ:omi.deoben.'ffel..c acid., and. i.mi..da'ffel.e-4-ace:l:1..c 
acid. (43) -

Anoi:h.e4 am1..n.e uiu.di h.a.a pMvi..oud.!f been. dwc.U/.J/.Jed a4 an 

i.ndol.e dvu...vati..ve and. ulu_ch_ 6 been. impllca;/:£d_ i.n. /.Jdii..'ffe~ 
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i...d /.JellOi:oni.n.. 5 ellOi:oni.n 14 mafa/t me:l:a.bol.i..:l:.e 1..-d 5-/upMx.~leace:1:i..c 

add ( 5-fl IM), fowid i.n. :l:h.e wu..n.e. 5 du..'ffe plvten.Lca Ii.ave 

va.Ai..oud.y. been. Mpold.ed i:o exCA£:l:.e 4upemw/71T1.CU.., /.Jubnomnal., 

and nomial. amol.lJlZ,J of i:h.,w me:l:a.boli..:l:.e and i:o /.JMW exce44J..ve 

vaAi.ab~ i.n. w ex.Jte.:l:J.JJn. In an expvrimen.:I:. well conhzolled. 

a4 i:o di.et, me.dlcati..on and. ¥imen:t, 123 .dubjed:/.J ( 6 3 

/.Jchi..'ffep/vten.Le1 and 60 non-/.Jdii..'ffeplvten.Le1) weAR.. admJ.;ti:£ti_ i:o 

:l:h.e /te.dea.Jl.di uwd. i.n. di.myu;-1ii..c.all!f- mixed 9,MUp-1 o / µve. 
Th.e p,1y.chl.ai:Ai..c and l.lK1Ad. llrdi.JuJ4 weAR.. Cfl/UU.,ed. oui:. U.d-UUJ :l:h.e 

Loll/l fl1S'RrP and. :l:h.e gllrdlam WaAd. ~ -1cale. UIU..lUVlJJ 5-fllM, 

CA£.ai:i.n1.ne, and -1odi..um weAR.. dei:.tvtrni.Jw:l It. UXL1 pund i:h.cd 



iE 

( ¥!) ~v- Voci -fivcrrcnrrrxJmp-hv-d 01 ww Vo?.fPW lmcrrcnrrrxJmp-hv11 
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CeJtLJi.opLCJ4rli.n, Coppe.A, A4rullbLc Aci.d and. N-N-di.me:llufl 

faAar}z.erujl.en.e Oi.ami.n.e O~chblri.de (OfJ'P) 

Akvz!.el.d± !tad. f,i..Mi Jt£.poAi:.ed. ilud :th.e /JVW. o/ /Jdu..30rJuzenl-CA 

ILtM capable of oxi.rl:L~ N-N-dime:llufl ~ene dLamLn.e. 

dUujdM chbllid.e ( OfJ'P) ai:. a <j,IU?Cdell. 1.nU1.al IUde. i:lum. :th.e 

/JVW. o/ nomial rurd.Ao~. (45) Th.w ox1.d.a::li..on UXJA a:tiA.Lbu.ied 

1:o ce.m.dopl.~ uiiLdt i.A a ruppell. <jkbuli.n. complex p/1£./Je.rd 

Ln rnarrrna1i.rm /JVUDn. li:. AM been. d.emoMiM;/;ed ilud C£./UL.W~ 

i.A a pol!f-PU!JWl.. oxl.d.Me capcwl..e of ac:li.ruj on a <Jll-l?Cd V(l!U.Wf 

o/. /.Ju.D/.Jiance✓.,. li:. iA an al.plw.-2-<jkbuli.n wi..,ih_ a molecul..aA. 

IJJe1# 0 I 15 I, (X)() uJu.dt CJJn:l:.aLM eufat Ci) Pfeil. ai:orM pell. 

molecule and. acruun:IA p>ll. ovell. 95¼ o/ coppvt p;t-e/Jen.i:. Ln 

human. pl.aAna. ( 4 5) 

& MCOllbLc acid oxi..d.Me L/J al./.Jo a coppe;i-pAOi:.eLn complex 

and. :l:ke Ln/J-uen.ce a/ McollbLc aci.d M a f-aci.o11. :th.en. rum~ 1..n;lo 

pl.a!f, Li:. UXJA deemed ne~/.JCl/UJ :l:o d.e:bvtrni..n.e :th.e Ml..e o / 

MCOllbLc aci.d Ln :th.e /.Je/lLtln Olll toxi..d.a.J:i.on of OW. In nol1ln.al:, 

wi..:th. h.J...c).ell. MCOllbLC aci.d levew :th.e MCJJllbLc acid. iA oxi.di.Je.d. 

plU.1)11. :l:o 07fJ and. i:h.eJt£.p>Jt£., /.Jdu..30rJuzenl-CA f1?ll/.1i:. h.ave a l..owe11. 

l..ewd. of Mcollbai:.e. (45) 

BMe l.J..ne val.u~ plll. MCJJllbLc acid. and. OW ox1.d.a::li..on weJZE. 

p>¼wed by. admi.nlAviai:1..on of !J)O mg, of MCOllbLc acid (VlJoml.n. () 

/tJ11. i:h.Jt£.e d.WJA and_ J:h.en. J:h.e J..evew UJe/l2 ag,i..n. meMUA£.d M well 

M Ori. No ~fJ.-cord dL//eJt£.nce be.iween.. conhtol /.Jubj,eci:A 

jg 

and. ✓.1du..30rJuzenl-CA Ln DMe l.i..ne value no11. di..ffeJt£.n~ Ln 

i.nduc:ti.on peAi.od. Ln eLtAvt <JMUp af±vt- MCJJllbLc acid. UXJA p>llJ'ld.. (45} 

lh.e conc.en;:/;Aa,ti_on of cellUlo~ Ln :th.e /JVW. o/ /.Jdu.30rJuzenl-CA 

UXJA p>und. 1:o be /.Ji.t)nLp_c.an;lly mCJtea/.Je.d. tdien. com~ :to ilud 
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o I no.tmaM bu:I:. ih.e di..f /Vll!Ul.ce L1 not. applLcnbl.e i.o di..//eJlR.11:lLal 

dimyw/.Ji.A DeC<JJJ/.Je o/ an. ovvrl.a.p of 6 f/o beiween. (JAOU(J-1• Ii. 

ll.4'.14 CLiAo oD/.Jelllled th.at Mco1J::Ji.c aci..d. ll.4'.14 not. ih.e ex~J...ve 

/-acl.o11. (1111. th.e i.n.CA£aAed. i.nduci:i.on pvu.nd. o / ih.e OW oxi.dati.on 

/lOk i.n. nomz.al.. coniMl.✓-,. f'll.W.JrU..n.aAJ di.l.utLon expvwn.eni:A 

i.ndi..cni.e th.at ih.e plli..nci.pal .lnh.i..bJ..;ti.ng, /-acl.o11. WM p11R4erd. at. 

/wJte11. level.A i.n. th.e /.Je.lll:U. o/ no.nmal. coni:MlA th.an. /.Jchi..~p/vwil<Y.J. (IJ-5) 

It. L1 i.mpo/d:.an;t i.o ll£C11i..32- th.at ceAUl..opl.a,&nLn L1 not. ih.e only 

/.JeAJJJTl /-acl.o11. ufu..ch. h..cv., been. µ;und. i.o dwn.g,e i.n. /.Jdu..~rJuwu.-a. 

The di../.Jea4e h..cv., i.n. conman w.U:/2. oth.e11. acui:.e and dvtoni..c 

di../.Je04e✓.; deC/t,R.(v.jed albwni..n and i:JwJv.J /e../l/liJi, i.n.<YteMed. ~ 

gkbul.in, OJW/.Jomucoi..d., and h.api.o~obi.n., i.n.C/t,R.(v.jed. i.n.cLd.en.ce 

0 / llM.lOTlaioi..d. /-acl.o~ 0 CCG/.Ji.onol. p11R4en.ce O I c-11£adi..ve p1Wi:.ei.n 

and a nomz.al.. conce.n;uw;/:i_on o / l.i..po pMi:.euv.J, C£./lJ.U.o pl.a4ni.n 

and bac±e.ll.i..ci..di..M. Anoth.e11. /e.ai.wte o I acui:.e and CMoni..c 

di.AeMe L1 an. i.n.CA£aAe i.n. /.JeAJJJTl pMi:.ei.n-bound COAOoh.y,cbude✓.;. 

(aMoh.y,cbude✓.; all£. covalen;Uf!- li.nked coM:li.;fueni:✓.J o/ ih.e /.JeAJJJTl 

gbbuli..M and h.en.ce cnn /.Je/llle M an. ind.ex o/ ch.aru;e✓.; i.n. ih.e 

c.onC£ni:Aai1.on o / fA.e4e ~!f-COpM:f:ei..M. 71.W 4eA1JJTI. gl.obul.J..tw 

pcvdi..culaJtl.y 1tE4poMi..ve i.o iJ.J.n.e/.J/.J, i.n.flarrmati.on and i:Jwuma all£. 

ih.e al;Jw.-2-<J4co pMi:.euv.J, ceAUi..o pl.cu,mln, and h.api.oglobi.n.. 

&ih. i.n.C/l£(1/.)e i.n. th.e above 41..iuail..oM but all£. dl,t/ellRidl..y 

al/ ec:led. by endo C/li..ne. ~M. C e.m.do pl.a/.JITUJl. i.n.Cll£11/Je✓.; 

ii.w :to ilvzE.e time✓.; dwu..ng,, iJ.J.n.e✓.;/.J prom a no.nmal. value o I 
~ i.n. /.Je./l.U/Tl. Th.w p1Wi£1..n. h..cv., been. /.JULJ9,e✓.Ji.ed. :to be a mollR.. 

/.Jerv.iili..ve i.ndi..cn:to11. o I i.n./J-arrmaiolllJ and :f.L-Mue de✓.;:buu:i:J..ve 

pMCe4/.Je4 th.an. th.e (-llR..ac.:ti..ve pMi:.ei.n. It. al✓.Jo i.n.Cll2.Me✓.; 

wi.i:h. ~e.ni..c /.Ji:i.mul.au.on and coMRl.a:te4 wU.h. fh.yAoi..d. ac:l:i..v.i.i:J,J.. 

The conC£ni:Aai1.on ol ceAUi..opl.a4nU2. 1A i.n.CAea/.Jed. dwu..ng,, 
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PIWJNUl-ClJ GMO and dwu.rig, e1iltog,en. admlnLa:bu:di.on.. (46) 

One ,1:1:w:ly ll2.veoled.. ihaJ:. in a 9,AOUp o/ JI ,1du.30p/vu?nl..CA 

fol.1.owed /o/l. ✓-Ji.x lflee.N.J to {i;Wl mon:l:M ih.e.11.e tlJO/.j a hl..o)tvz. 

llf!!nli.A,1i.on M:ie in JM,1e wi..ih. h.i.g}ivz. ~pl.Mmi.n. leveiA. 

Tho,1e uiw had ,1poni:an.e.oU/.J 1tRJT1.v.J/.J.LoM h.ad ih.e /24Ae1:t. coppvt 

l..evw uAUe JM,1e uiw f-ai.1-ed.. i.o IU!/.jpond. had ih.e i..ollJVl. l..eveiA. ( J5) 

The exi:Aad:l.on of C£/l.UWpi..Mmi.n. pwm rwnmal /.JeJW/12 and w 
injed:l.on i.ni:o ,1 du. 30 p/vu?nl..CA al.ong, wUA cai:edwl.orni.n.eA tlJO/.j 

done and il UXM p;und. ih.cd. ih.e pa:li..erti:A /l2./.Jpond.ed.. much. moll£. l.Lke 

ih.e rw/1/lllU 9fl0Up,1• I:t. i.A h.ypoih.e1i..3R-t1 ih.a:t. ad.A£no1.1.n oxi.dati.on 

1../.J lllUa:fed to coppvt leveiA, ih.e -1peed.. of oxJ...d.a:IJ..on beJ.ru;, 

~vz. 1..n duzect plll)pold:1..on i.o ih.e amouni. of coppvt p/U!/.jen:f.. ( .J5} 

T IJ.J€flXJJ anxl..oU/.J pa:l:1..en;IA, :t.en. 0 I uh.om UJe/1£. /.J du.. 30 p/vu?nl..CA 

and i.en. of uh.om /.Ju/ /VlRri. {Aom p<Vt,1on.al.LbJ iAa1..:t clu.,OAd.Vl/.j 01t 

n£U/l04e✓.J, tJJe/l£. comp<Vl2CL M i.o levw of /.JeJW/12 COppeA, pl.a,:ma 

MCOllbi..c aci.d. and llf.Cf£/.J of oxJ...d.aJ:i..on of IV, N-dl.me.:lfUJl-p-pierujlenedi.ami.ne 

( DrP) by ~ 7 h.e ,1du..30p/vu?nl..CA uxvze CLWo ;w;ted, M i.o 
11 a plll) Ce/.J/.J 

II Ve/t/.jU/.J Jteadi.ve :b;[XVJ o I /.J du.30 rJuwu.a U/.Ji..ng, 

i:J-1£. f.,l.g,i.n. 5:t.a:t.e floppLtal P/ll)g,no/.J-W Scale and. l.evw o/ Cl.1A/lEn.i:. 

-1evvzi..i:J;- o/ pellAonal. clu.,oAfJm1i-3(dl.on and /.JOci..al ali..eno.ii..on 

by. ih.e yowchalh ,1 col.e. (47) 

A :btend iowaM. moll£. M.pi.ri. lllli.e-1 o/ oxJ...d.aE..on of IJiYf b'f ih.e 

9fi0up o / paiLenl:.4 w.Ult & p,ay,dwneuM/.Je/.J 01t pe/t/.jon.al.LbJ hzai.;l 

dl.AiuAhanee1 U-UA pund.. 5peci..fLc.ally, a ,11..gJufLcmdl.!f ~ 

plll)polW.l)n o/ ih.e /.Jdu.'3'>p/vu?nl..CA th.an ih.e rwn-✓.Jdu..30p/vu?nl..CA 

h.ad oxJ...d.aE..on MJ:eA ai. 01t a.hove ]. 5. (IJ lv.0 ih.an O. 05) 

7M.Jt£. wcu, M -11.gn,Lfi..cani. nelati.oMhl_p be.:lwe.en. ih.e Jll1i.e of 

oxi.dati.on of OW and level. of {A.ee anxl..eiJ;. (47) FA0m :i:h,w 

✓.Ji:ud.y ih.e aui:h.oM conclude :th.at pa±i..erti:A h.avi..ng, /.J.WWVl. Jll1i.e✓.J 



of o'>Gi.daii..on of OW fTlOJJ have a poo1t£1t plli)()Il.0/.U/.J ih.an. i:Aa4e wLth. 

mo/le Mpi.d. 11£d.e,,1. ( 48) 

&ruADi.c aci.cl. level.A ruM£1.cded Ve/Uj lw;Afy wi.,;th, i:Ae l.ag, 

pe/li.al_ but Ve.lUJ pooM.ff wLth. th.e l1£d.e CWlJ/e pto o'>Gi.daii.on of 

OW, 4w;Jl),e✓.Jii..ru,f iJud MCiJ/UJLC aci.cJ. levW <J./l£ noi an i.mpolli:ard 

/aci:o1t /o1t th.e lla.i:.e of oxi.dcd:i..on once th.e "J.m;;, pe.ll.Wd 11 h.a-1 ended. 

Th.e level of CLVVU?Jli:. /.JevVt.i..:ttj of th.e -1du.30pluwu.c du.:,o~~n 

and /.loci.al. alierud:i..on., M mew.il..l.lWi. by. th.e ~wcholh. ✓.:,c.ale, 

dJ..cL noi ,coMEla:te ~fi-card1.y. wLth. eUh.e.ll. lla.ie✓.J of oxi.da:l:.Lon 

of fJW Oil. wUh, ,tJ.VlUJTL ruppell. levW. (Lf7) 

A l.ono~ ,1:tudy. of th.e muati.ondu..p beillJeen /.JVUJm 

coppe;t. level.A and p,11p:lwii..c beh.avi..oll. llt1/.l done on a pa:li-eni:. 

ulw uw canpan-ed wi.i:h. hJ.nvJel/ ~ th.e 4:i:urlJ;. A Jl-yea1t-o-Ui. 

uAU.e male dvwni..c 4cJu..30pluwu.c llt1/.l -1iudi..ed. /o1t M dwy.J 

CiJMeCJ.d:i..vel.y.. lie llt1/.l fol.l.owed. wUA /.Je/Ulm coppeA level.A 

evVllj 0th.ell. d01f wul llt1/.l on pUll. di..ff<Vl£.fd. p~ of 64 dD1J4 
each.;• th.e fl.Mi 64 dwy.J h.e l1X1A on a placebo,· i:Ae nexi 64 ~ 

h.e lLKl4 on ch1.o1tf>llOfTIO.p.ne,' th.e nex 64 daY-4 h.e llt1/.l on ch1.ollfll0ma3-W-e 

and eleci:Ao.al:r.ock i:Avrapy ( c5T ), and th.e lMi 64 d01f4 h.e llt1/.l 

on pl.acebo a.go1.n. Th.e llMulla we/le pl.oiled and i.i llt1/.l found 

ihrd. on th.e placebo ~ llt1/.l no mdaii.oM/up beillJeen 4vwm. 

.ao ppeA level.A and uvnd M.ao ci..a:lwn liui. af'.J:ell. th.e / 2 I ,1i dmj 

uAen h.e llt1/.l e.Uh..Vt on ch1.o1tf>1Wmap.rte oil. chl.oltf>IWl7U..~ 

and f.,57, i:h.e dmj io daJ,; vOAi..ati.on i.n. ,1vzum ruppvz. levw llt1/.l 

maM.edl.y. A£d.uced. ( P le-1,1 ih.an. o. O I) ( 48) Thi.A ~ 
iog,eth.ell. wLfh. th.e coMJ.Aieni rullll£i.ai,wM found~ iluA 

pe/li.al_--a tfeCll£.a;je in coppvz. level.A on ch1.ollf1Wma"ji.ne and 

f.,57 i.mp1Wvemeni and. an mC/l£04e wLth. mdap,1<?A, -1~:b.J th.ai 

41 
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✓., VlLllTl cnppe11. h.a.4 /Jome AEl.aii..orwhi.p :lo p4rp:lu.cd1ti..c cnndU:i.oM. ( 48.) 

A Mcen:tl.y, ,1yn:th,ed...Jed ai:Mpi..n.e-.li.k.e compowul., N-ei:Ju;l-

3-plpvr.i..dyl. benp.l.ai.e induced all.e11.ed /eelJ..m; ✓-,:la:t.M, v.u.,ual 

and audi.:f.olllJ h.alJ.u.cinai:i.oM and i.n,CA£a,1ed_ 4e.lUJ/Tl Ce.ltlU.O pl.Mmi.n. 

i.n. 7 oui o{ 9 paii..enl:✓.J. ln ihJ..✓., /Jane i.n.vM:lu,Ja.i.wn, :l:h.e 

i.n.(.w.u.on of {oUll. prpo caieclwl.ami.n.e.1--epi..n.epluti..n.e, l.evaAi:.eA£nOl. 

( noMpi..n.ep/uti..n.e), i..4opllOieA£nOl., and 4eJtOioni..n, h.ad no effect 

peA.. ✓-Je on 4e.lUJ/Tl cvwl.opl.Mmi.n.. lpMni..a.p..d. lJXv.j al.Ao i.n.ef/edi..ve. (48) 

A defi..ci..enCIJ of M cnll.bi.c aci.d. (V i..i-.ornui () CCIJ.JAM a maM.ed 

l.otJJe.lli.m; of m<111.ff M4e.nti.al en~c Maci:i.oM. &cn.11.bi..c aci..d 

1..4 i..n fu..r;li cnnce.n:oudi.oM i..n :l:h.e me.d.ulla of :the ad/l£lUU 

gland fo/t i..i. i.4 e.Meni:i..al. i.n. :l:h.e fomudi.on of no~ 

and adAEn.a.li.n.e, and th.Me all£ acii..ve MlllllOnf!(-> i.n. mei.abol.i..c 

pll0Ce4/Je4 o! :l:h.e ne/lJ/ow.J 4!f4i:.em. 51..nce /2.unruuJ crmnoi. 4yn:th,Mi..~e 

:the vilami..n and COJt ✓.if.oil£ i..i. only i.n. l.i.mU.ed amou.n:1:/.J, i..i. COJt 

be 4een how a defect i.n. w u:tili_~n cnuld s.ffeci body 

ecnnofllff- Th.e bl.ood l.eveiA of MCLJA.Oi..c aci.d. do noi. cn/l/lRl.ai.e 

well wU:h. :the i.i.A4ue cnnc.eni:Aaii..oM. Th.e non-ul:L!.i..Jeabl.e 

MCLJA.Oi.c aci..d 1..4 excm:d.ed M /Judi i..n :l:h.e wu..ne. (49) 

A l.abollaiolllJ pMC£till.ll£ i..n ulu..di MCLJA.Oi..c aci.d. gi.vM a 

col.oA. Macl:i..on wU:h. :l:h.e F ollA£4i rp_ear;eni:. l1Xv.1 t.d:Lli.:~ed to de:tvuni..ne 

:l:h.e pll£/.jence of :the vi..i-.ornui i.n. :l:h.e wu..ne. Ten ✓-,dii..~p/2.ll£ni..c✓.J 

and 8 nol11110i.. paii..en:iA WeJte gi.ve.n Mcnll.bi.c aci.d. .-11.x ii.med d.ai.l'J 

and :l:h.e wu..ne lJXv.j i.e✓.,i.ed af:wi eadi voi..di.ng,. Th.e avVl.01),e dai.l.y 

do✓.ie ub...di UXM Mqpi.Aed. by, :l:h.e no/11nal. pa.J:i..en;!A i..n olld.e11. lo 

gi.ve a po4i.i:i..ve UAi..ne MCLJA.Oi..c aci.d. ±Mi l1Xv.1 4 g,. Th.e 

4dii..~p/2.ll£ni..ca A.eqpi.Aed. )5-48 9- dai.l.!f i.n. 0Ad.e11. :lo <j,ive a 

po4i.i:i..ve wi.. Ttl.ell.efoM, :l:h.e -1dii..~p/2.ll£ni..ca M~ i.e.n 

ii.me✓-, M mudi Mcoll.bi..c acid M :l:h.e no~. (49) 



All pa;ti.,erd-A ll£.C£i..Vlllfj i:lie vi..:l.ami.n. 1.Jt l.a.A1)£ d.,Me-1 made 

,1ome cli.ni..cal.. impMvemen:f., mainl.!f in. i:h.e a/l£.a. vi ,1ocLal.1..~n. 

Th.e aui:.h.oM teel.. i:h.at i:h.e vd.ami.n COfl. impMve i:h.e capacU:lj 

:fu fi-mcii..on but cnnrw:t fwtnl.Ah. l.e.a/l/U.JlfJ, expetilence, i:h.e 

e-1,1en.ii_a)_ i_ngA£fUen:t in. e.<jt) rnai.wt.atJ..on and. .Ln.:t~n 

of ulu..ch. i:h.e ✓.,chJ...~p/2.Mni.CA h.ave been dep1U..ved.. (49} 

4J 



Th.e lnfluen.ce o/ 'P/.Jffdwp/2.aAmarul.og,lcal. Ag..en;f.,j in 5 chi.30p/vz.eni..a 

Since 1954 i:h.e cd:aAadi.c dAug4 h.ave /l£.p,laced. el.eci:M-1/2.o~ 

iA<VlafJff (f.,ST) i.n i:h.e htea:lmem of ,jclu..30plvz.en1..a. AiaAacti.c-J 

a/l£. dAwy.J 1du...dt rwltfrla,U.3-e CJVd:aiJL h.ypvwnoii..onal rundi.±LoM -1uch. 

M rnaru:a, hai.l.uci..natloM, and exhwne arode:bj and i.enAi..on -1ia:f..e.4 

wi..ih.otd pMd.uci..ng, runc.omi.:tan;t ceniAo1 neAYoU/.J ,,jfµi:£m dep/le/.J/.Ji..on 

/le/.Jul.ii.ru; in drzotMi.n.e-1,:J, runfuAi..on., and moio/l i.n.ruo/1lU..nati..on. 

Th.e mo,:J:t poi.em an.i:1..(J/.Jy,dwii.c ~ a/l£. i:h.e 'Rauuvl.fi-.a -1vzpen.i:i.n.a 

al.kal.oi.dA and iAe r)ierwih.La~e-1. ( 50) 

'R<11DlkJl.µa al.kal.oi.dA c.nJ.L/.Je a ,:Jia;le o / i.mpvzi:u.tu:Jabi.J.UJJ in. i:h.e 

(j/5 IJ.ll...i:A a :tend.en.CIJ iouxvzd CUUJllY.)ine,1,:J, but:. wi::th.out:. dep/l£./.J,ji..on o/ 

i:h.e c.on:/:ad:_ wiffi. iAe envi..JwMLen.tal -11:i.Inuli.. and wi..ih.otd l.o,:J-1 

of ruoltlUJUdi.on i.n /lE./.Jp<JMe io i:h.e-1e Ji:imuli.. flype.MlllOii..onal 

/lE./.Jp<JMe/.J medLa:ted. bf!- i:h.e -1ympath.eti...c ceMeM in. th.e lu;po~, 

h.oweve.A, a/l£. maM.edl!f dep/l£./.J-1ed.. 'PeAi..r:Jivzall!f b~cevtdi.a, a 

dJ..o)..i deC1Z£Me in bl.ood p/le/.J/.JU/l£., in<Y1.R..11Aed. pe.JUA:l:aJ.Ai.A 
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/le/.Jul.ii.ru; in. in.C1Z£Med. ~en.CIJ o ,l ,1:loolA, i.n.C1Z£Med. g,a,:JiALc 

/.JeCAeii..on., mi..o-1i.A, pio/.U/.J, a.nd in ~, llRl.axaii..on o / nlc:f.i:f.a1:i.ng 

membllane, a/le -1ome o/ iAe d..d.e e//ew. (50) 

Th.e ceniAo1 manL/e-1:lxdi..oM o/ i:h.e 'RaJ.11Wl./J..a al.kal.oi.JA 

/le/.Jemble iAa:t o / a i.umo/l o / i:h.e po,:Ji.VU.tJ/l fu;poi:h.al<JJTIU/.J . T fuvz.e 

I.A a.&Jo a -1embl.an.ce io i:h.e exi:2An.a1 manL/e-1:taii..oM o/ 1WT10val 

ol iAe amygdal.oi.d. rumplex, pollii..oM o/ i:h.e i.empoAOl bbe-1 and i:h.e 

p!JAl-follill rullflex. Th.e p/le/.Jence o/ iAe-1e a/l£.M iA neceMaAIJ 

in oM.M pl/l iAe 'RaJ.11Wl/J..a aJh.aloi.dA io h.ave a dep/l£./.J-1ard e//ed:. 

on rundU:ioned. avoi.d.Ofl.ce o/ el..ed:.IW-1h.och. in. monh.~. (5)) 



BAOdi..e '4 i:h.eolllj- iJud th.e f<auu.vlfi..a al.kal.vi.M ac:I:. 

ih.Aough. llRl.ew.,e of ✓.1eAOi:on.Ln. C£nhzally, i.A dvu..ved pwm th.e 

ft>ilolJJUlfJ evi.dence: (I) Se;wz.oni..n. luiA a 'Rauu.vlfi..a al.kal.vi.d 

( ll£Avzpi.n.e) 11.h.e ✓.1ed.ati.on. ( 2) ~e1Vl[Jin-e cau1e1 depl.e:ti.on 

of 4eAOi:oni..n. pwm 6/l/UJL ✓.1i:ollmje ~e1. (3) Se;wi:oni..n.

llRl.ew.,i..ng, acti.vl.:l:.y i.A c.onfl-ned i:o i:h.o✓-,e 'ROJ.1Jl,t)lf1..a al.kal.vi.M 

uiu..cli h.ave a CRJdAol.. ✓.1e.c/.a;ti_ve acii.on. ( 52) 

l:t i.A po4iulaied i:h..a:t th.e h.'Jpvracti.vi.i:J; of 4e;wi:orwi, 

Aai:h.vz. th.an. w defici..enq;, matJ play, a lfOle i..n. medLai:i.nt;, 

un.c.ofWlJJiled emo:ti..onol /l£/Jp<JMe4 i..n. aCJ.de p,1ych.o,1e1. 

5 e;wi:oni..n. exi.A:l:.4 i..n. hi.gA c.onc.en;budLoM i..n. th.e li.mbi..c 4!f4:l:.em, 

paA,ti..cul..aAl.y, th.e medLal and p!JAi-plllTl a/ll!.(J,d, th.e h.i..ppoc.ampu-1, 

th.e aJ1llJ9d.al.oi.d and i..n. i:h..e ,1epial IU?ffWM o / th.e bll01.n... 
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f-!!JA1.d.oxi_ne (V i..:l:.ami.n. Bl5) i.A neceMUlllj- i:o c.onvvd 5-~x.yi:mjpz.o ph.an 

i:o ,1e;wi:on.Ln. i..n. th.e b/l/UJLo ( 50) 

7 h.e r}ierwi:h.i..ap.n.e i:Aan..~ui.l.L3-eN.J of uALc1i duollf>Mmap.n.e 

J.A i:h..e aAch.:lype, awo depll£A4 c.ondLti..oned avoi..dmice beh.avi..oll. 

and h.ave anii..ch.oli..n.eJW,)..C, anii..~c., and an.:l:.i.h.i.Ai:ami..nJ._c 

acii.oM pe.JtLr}te.AOJ.ly. Th.e ~3-U11} ac:li.nn of ch1ollf>llOl1lap.11-e 

i.A mo✓-1:l:. e//ecti.ve i..n. i:h..e pa;fi..en:l:. wLth. 4ome p>JUn of 

4 du.~ rJuzenl-c ll£.acii.on i..n. tdu_cli /ugxvw.di..v,i_;iy, ~~ 

h.all.aci.n.aii..oM, and maMed anxi.e:l:.rj. aA£. pllR/Jen:l:.. T h.e "1lllJ<)e✓.J:ted 

blodWIIJ acii.on of ch1o1Lf>Mmaa1-M- i.A -1omeuh.Me i..n. i:h..e di..encerJuil.on. (:JJ-2'5) 

In a~ done by, ih.e Tulane <JAOup, ✓.1peci..fic 41..:l:.e4 of i:h.e 

b/l/UJL h.ave been de4htoyed oil. ✓-,JJ.mul.a:ted i..n ~ and th.e 

~lo<J,i..c e//ec.i✓.J h.ave been c.oMEl..rded wLth. beh.avi..oMl. 

ph.erwmena. Ac:l:.i..vi..:bj i..n :l:Ae -1epi:al. A£.g,Wn of ilte .<lub-c.oll:f:Rx 

of ilte blllUJL l1XL4 llRl.ated i:o expllR/J✓-'i.iJn of /ee.li.ng,4, emo:ti..oM 

and level.4 of aleld:Nv.M. Oe4VUJ.c:i.i..on of th.e -1ep:l:.al. AR.gion of 



ca;/A /l2Auli.ed iJt l!JIJ!lf?APoMi..ve aniJnol.4 wU:h. pMfoundl.y l.o/JJe/l2tl. 

level.A of aJJJa/Wl.eM: mafllj di.Apl.ai;.ed. -1!f11-pimM /l2Aembli.ru; 

caixdoni...c 4iupo11.. 51:iJnul.a:lwn o / i:h.e 4ep::tal.. IWJ,i-on iJt 

luunan. 4ub-jeci:A WM foll.owed. b'J h.ei_g}t:tened ale.Jdne-14 and. 

evidence o/ pl.etMll.llD.61.e /e~. (5!} OWli.ru;J i.h.e paAi 

!4 !fe.aAA p/uy.Ji..ol.og)..c acl:1.vlilj luv., been expl.oAR.t:i. iJt necvzl..!f 

all. d.emaA.Cfd:.ed -1ubc.oA:1:1..cnl. nuclei.. above i:h.e PoM and. c.oA:1:1...cnl. 

4.Lie-1 o/ i.h.e luunan. blllWI.,' c.oM£1.afuM wUli belw.vi..oJUU da:f.a 

Aave been made. ( 5I) 

Recerdl.!f i.h.e /lJJu:li..n,e impl.arda:lwn o/ /{X}-125 l.eaM 

i.h.MUl)Mui i:h.e blllWI. luv., been execu:ied.. T efkn c.oaied 

el.ed:Aod.e-1 o/ o. {XJ2 i.Jtdt d.i.nmeie;v., tJIVl£ pl.an.t.ed. 1..rvfu pll2.cwe 

11£LJ1-oM of i.h.e b~ {1.xed :to i:h.e bone, and. caMJ...ed. p;1t 
4fwJd. di.Ai.ance-1 llflJ1eJt i.h.e -1cnl.p 6efo1te em€.lllJUl9, ~ 

T/2.e mai.n:l:R.ru:tnce o/ i:Ae el.ed:AodeA iJt i.h.e {1.xed f>Oldi.oM o/ 

i.h.e blllLUI. p;1t a:t l.etMi iwo !f-eaA/.J AM pvtmi..:U.e.d. 4eA.LaJ. 4iudi._e-1 

o/ pa:lle.ni:.<l llflJ1eJt v<lAlJi.-n9, behavi..oJUU c.ondU:i..oM wU:h. i.h.e 

Me o/ i.h.e el.ec.i:oenceptalogM!Tl (f&) and. oi.h.e1t ll2.C.O~ 

pwm wi..d.el..y 4ep~ 11£LJ1-oM o.t i.h.e DlllLUI. and. awo :l:.o ll2.C.OM. 

i.h.e IIRAui.:fA o/ el.ecW...cnl. and. dz.emi..cnl. -11:iJnul.a:lwn of i.h.e-1e 

~.(51) 

f,l.eci:Aoenceplud.ogAO-phl..c ( tf/1) 4iudi._e4 on p,1ydz.o:li..c 

pa;l:Le.ni:.<l Mve.al 4pi.h.e-1 iJt i.h.e 4epial. IW}Wn made up o/ 

a {.aAi, b~c -opiAe, -oome:li.me-1 -oupvwn.po4ed on a 41.ow 

u.ttve. I :l apfe.aAA moll£ o f;ten ~ d..eep and. L,J ch.anaci:.eJu.. 3ed 

by 41.owi.ntj and. b!f i.JtC/t£.a/.jed. ampli.i:ude. Ii L,J ocCQ,,ji..on.al.J..y 

acc.ompani..ed by abno/1/TlCLl JteC.O~ {Aom i.h.e lu..pf>O cconpuA 

and. ~id nucleu-1. In non-paydz.o:ti..e1, no 4udz. -opi./wu; 

o cCWl/l£/:l. ( 5 I} 7h·!:i.,en;b.J wli:/2. i.n.J:.vuni..i::len:l p-1!f dz.o'° e-1 /2.ad. 

li6 
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/.Jpi-kuu;;, i.n. :th..e 4ep:f.al.. G./lE.a pll.e1en:t dwu.ruJ i:h.e p,1y.ch.oti.c beh.avi.o.tt 

bu.J:. ab✓-Jen;i dwu.ruJ 11.RJTU./.J/.Ji.on o t p.Jy.ch.otic /.J~• llo/.Jpi.±ali..~n 

of pati..e.n;&.; wi.:tlt i£mpoMl. l.obe abnol1tnaUi:JJ }_✓,j UAualiy. 4/2.o,de;z, 

and :th..e ul.:tima:te p/liX}M/.Ji.A }_✓,j moll.e of.i:,en. favolla.ble. ( 5 I) 

Cannul.M 1JJe./lR. i.Jwvded iJdo plWi.ei.vrrni..ned CJAR.a/.j o / :lh.e 

bllCli.n. and :lh.e fi;ll.owi.nfJ /.JUb/.Ji:an.cea /JJVl£ iJLjede.d. and :th..ei.A. ettec;l,:J 

4iudi..ed.: acei:J;l-ch.oli..ne., abtopi..n.e, d-amph.e:l:arnute, dLami..n.e oxi..daAe, 

epi..n.epvd.ne, c;armia-amuw-bui:Jyu-c aci.d. (yA/34), -1copolamuie, 

liwt.amLne, /-}_✓,joleuci.n.e, Kabi.. 888, 1-leuci..n.e, d-lY-4Vltj,i.C acid 

dLei:Ju;l.omi.d.e (50), ~v.Je chloAid.e, i..pMni.ap.d, }_✓,joni.a:µd., 

ph.enobaADi..t.al, /.Jali..ne, ~ chloAid.e, /.JeM:l:onl.n., -1ep:f.al.. 

exiAac.:I:, :bpwd.e -101..ui:i.on, h.emi..dw.li.ni..um-J, and vali..n.e.. Only. 

:hw, liwi.ani.n.e and aillOpi..n.e, pllOd.u.ced. p-1y.ch.oti.c -1ymp:l:orM and :th..en 

only. uAen i..ni:Aoduced. iJdo i:h.e -1ep:f.al.. 11£91.on. A do/.Je o/ /{X) m<Yj

o/ a:f:Aopi..ne i.nht.oduced. iJdo :th..e -1ep:f.al.. llF!Lji.on o! monh.e.JjA 

con/.Ji.A:l:.en:l:i.y. i..nduced. p.Jµ,ch.oti.c 4ymp:l:om,J and /.Jpi.kv.J i..n Meo~ 

{Aom :th..e /.Jep:f.al.. llEf)i.on. Wh.en i.:t llXJ/.J i..rdAoduced. 1..n±.o :th..e /.Jep:f.al.. 

ll£lJ)..on of :hw -1du...~p/2AR.ni.CA and one e.pi..lepti.c, -1pi-kuu;;, 

appea,rw}_ i.n. :th..e -1ep:f.al.. 11£.CO~ and p.Jy.ch.oti.c 4ymp:l:orM i..nC/1.R.a/.Jed.. 

An occrvu..onol. -1du...~p/2AR.ni.c appea,rw}_ moAe Jt£laxe.cl r?e-1:1:i_ru; 

11£.CO~ and beh.avi.oA. IJJVl£ noi. a//ede.d. uAen abtopi..ne UJa,,j i.nj,ede.d. 

i..nto oi:h.ell. -11..;/;e,a, i..nclndi.ncj i:h.e COJ.Jd.a;fu rw.deu-1, palli.dum and 

:th..e hi.ppocampu1. ( 5I) llbJ:l:ami.ne iJLjedlon o/ /00 ma; 1..n±.o monh.e!j4 

induced. ch.aivJe-1 i.n. 11£.CO~ M well M p-1!fch.oii..c-JJ.h.e beh.avi..oll. 

all:h.oUfY!- noi. M coML-1i.en.i:l.i; M a:hwpi..ne. A~ di.ang,e-1 di.a 

noi. aCCWl. ulten hi.-1::f:.arnme lLt1/.1 i..ni.Jwduced. i..n:l:o :th..e o:th..ell. ceJlE.tJMi. 

/.Ji..i.v.J. S:l:udi.e1 wi.:tlt :l:Au.J c.om.pollflfi have noi. bee.n. made i..n luunan 

/.Jubj,ec;l,:J. ( 5 I) 
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Th.eAe data ✓.JU.OA,eAi :tlud i.n.:bvtf-Men.ce wli:h. ace:bJl-ch.ol.1..n.e 

acti..on i..n :th.e bJULLn rni.lJAf be :th.e mech.an14n unded..!fUUJ, :th.e ✓.1pi.Jwu;, 

and. :th.a:!:, mo.tte. ov~ a /.Jpeci..µc ki.nd. v I i.n.te.ttlMen.ce a:I:. ine .tte.cep:l:.oA. 

~ p;A. acdylch.oli..ne COJ.MeA :l:h.e l.o cali...pui ch.ang,eA. I ni:Alxludi..on 

v/ /00 m9 v/ ✓.1copol.ami.ne in.t:.o ✓.1ome /.Jl.;te,4 induced. /.Jome MoUl/.Ji..neA✓-1 

6ui:. i:Ae el/eci. UKl/.l ien.vzall..y e~voc.al. and cleaAl.y UKl/.l Mi a 

p,aych.oii.o-li..ke /l.eApoMe. In exce/.J/.U.ve do✓.1af}e :th.e phwtmacol.o<Ji-c 

ad:i..on o I /2.i.✓.J:1:arni.ne iA 4ifni1.aA. :l:.o ilud, v I abto pi.n.e. ( 5 I) 

Th.e paflwl.o<Ji-c .tte.com:!A {Mm :l:h.e ✓.1epi:al ll£.f}Wn, duvw.cteAi..~ 

6y ✓.1piki.n.g, and d.ow u.tzve acii.vi.i:J; and. a,Moci..a:l:.ed. wi..ih. p,aych.oii.c 

beliavi..o/l. wi.ffi.out d.emoMi:Jw.bl.e ✓.1:fAu.duJtOl CftaNjeA i..n :th.e bllai.n, 

✓-11.Aongl.y 4U.O,/),eAi abe./l/laJ'l,;C. ne.uAO-fwmvtal. condud:i..oM file.al. a:I:. 

i:Ae ✓.u..:l:.e vi patlwl.og,i..c.al. acii.vi.:!:.y. Th.e el.ec::bu..cal. CftalVfeA 

aMoci..a:l:.ed. wi..ih. caiatoni..c beliavi..o/l. c.an. be d.uplLca;l.ed by 

i.nhwd.uci.ntj cAemi.c.al. aJJe.n:b.i r.Ju..dt i.ni:£A.f e.tte wli:h. rtel/Al)fwmVlfll 

:l:Aarl/.Jmi.A/.U.On. T!tw vb✓.1e/U/a:l:J.on l.~ /wz:lh.eA. ✓.1uppo!d :l:.o i:Ae 

po✓.1:l:ui.a;te ilud, :th.e p,aych.oii.c ✓-1:l:.a:l:.e impa,i.AA ne.uAO-fwmVlfll 
./. ___ ._... . (51) 
A./<.UI VJf /U/J/.J-UJn. 

DIAul{J.Aom, an i..nlu.6UoA. o I ace:l.oldeh.yde d.e.h.!JflAo<jeruvJe, uiu..dt 

rnaJj- GMO i.ni:£A./e.tte a:/:. oi:h.eA. ✓-1:l:ag,eA O I i:Ae mdabvwm O I 
crdech.ol.arnLJIR./.J, and uN_c/i_ GMo pJ/lIIW ch.emi..c.al. compl.exeA wU:h. 

CJVd-.aJJt m~, eApeci..ally i.Aon and. coppeA, UKl/.l <Ji-ven. :l:.o I I 

✓.1du..30~CA and. 12 plliAon£.ll. vvl.unteeM i..n O. 5 g, i..nCA£menb 

ev<VUJ fi-ve d.ayA witil. :l:.oxi..c 4!fPLp:l:.orM appeaA££l Ii pltiXW.ced. 

ex.i:AR.m.e men:tal and ~cal duuu;eA i..n -1du..30~CA bu:!:. onl.!f

rniJwnal dunu;J,eA i..n :th.e p/U./.JoneA. coni:Jtol. <JMUf• ( 5 I} 
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F.i..n.dLruµ 1.n. :th.e C viebll0-1pi.na1 Fluid 1.n. s c1u..30p1vwu.~ 

1:1:. ftcv.J been. 4Uf)l)~ied i:lud 4i..n.ce ,1ub-1ian.ce<J paA4 {Mm iAe blood 

io th.e bllJJi..n wUA di..t/-l~ and M :th.e bll11i..n. .w i.n.volved i.rL 

meni:al du.Jiwu:Jance<J, U ®uld be bei:;teA io d.ud.y bllJJi..n {un.c:lwn o/l. 

cv.ipec&.J ih.eAeo t ioUXJM. :th.e diolow Of ,1c/u.:~) plvt.eni.n.. ( 52) 

Th.e c.a/lDo~-coni.ai.niJig, compau.nda of :th.e nVtVOU,,j 4f14iem 

aAR- th.e gly.copllO:l:.ei..M and. :th.e g,4,coli..pi-dA. 7Ae ch.emLcal.. 4Vllld:uAE. 

o / th.<!/.Je bllal..n ~✓.ud<!/.J ,1ftowed. th.em io coni:al.n uxd.eti--1oluble 

coM:l:.U:uen:& of newrami.rlJ._c aci..d--h.exo-1eami..n.~ and h.exo-1<!/.J--on 

one -1wz/ace ·ot th.e molecule and li..pid -101.uble COM:l:.U:ue.ni:A -1ucli 

M ,1~,1i.rte and -1:1:.eaAi..c acid on th.e oih.eA ,1wz/a.ce. 7h1A 

4ll1jJJ,<!/.J:IA that :th.e bllallt ~✓.ud<!/.J rnuJd be a mem.b/U1ltf?, -1ub-1ian.ce 

i..mlolved ill. /l£.cepioll. and i:AaMpalli:. p.i.di..oM ill. ne/lJ/e cel.M. v-Ulll4 
-1:b..tdi..~ Aave 4ftou.n i:lud bllJJi..n ~-11.d.e .w i.nd.eed a 1U?.c.epioA. 

/all. C2Ai:ai.n. neullOiox.i..c V-Ulll4e'1o <pM/UTl.acologJ..cal.. 4:1:udi..<!/.J wi..i:h. 

4/TIOoth. 1TV.1Acle p1U?.~M mode U pa.d.di.Dle io 4MW ilud blla1.n. 

r;anlJ-o41.d.<!/.J Aave a maAk.ed. ,1il.Jnul.ai:Lru; fun.di.on i.rL a mem.b/U1ltf?, 

acti..vaii.n.g, 4f14i:.em, th.e clam he.ad., 4U1J<JeA:l:i.n.g, :th.ai:. bllJJi..n 

~41.d.eA fTlalJ be i.rtvolved i.rL i:.ltrmMu.Mi..on phenomena i.rL :th.e 

ne/lJ/Ou,j 4y.4i:.em.. ( 52) 

lrrmunolo9i-cal.. -1:b..tdi..eA wUh. -1peci../,lc anii.bodl..e<1 io bllal.n. 

~d.d.eA tJJelU!. p1U?.patted and ih.eAe llJeA2. U,,jed wiJli ,lluoll£4cen:l 

ardi..body, i:.ecnl..qµe<1 io dem.oMiAat.e. :th.e ne/lJ/e cd.l. body, localJ_~n 

o/ biw.Ln. ~41.d.eA. T~e ✓.,:b.Jdi..eA pllOvi.d.e evi.de.xz.ce i:h.at b/UJ,Ul. 

~4i..d.eA and. -1ub,1ian.C1VJ ch.emi.caJ4 md.ated. io U rn.aJj be 

involved i.n impalli:ard ~ {un.di.oM i.n WUM of conhtoll.J..ru;, 

th.e erwtJj- and ~ o/ a numbeA o/ impolli:ard COM:l:.U:ue.ni:A i.n 

th.e ne/lJ/ou,j ,1y.4i:.enz. TA~e {un.c:li.oM all£ coilecti..vel..y. 1U?./e.M£ti. io 



0/.l i:h.e ''BaAlli..eA-Anti..bocLy 5 !JAiem 11
• ( 52) 

5:ludi..v.J on cVl.ebllO✓.Jplnal.. flui.d. /.o/l. 11:l.oi.al.. n.ewuirn.Lni..c aci..d" 

demoMhzrd:.ed an. i.n.~ accumul..a:li..on o / i/2J.4 ✓-Jub-1:l:.an.ce wi.:l:li 

<KJ,e. 5 chL30~c ~ (N eqp.alJ /0:!i) -1h.owed loweA value-1 

/.o/l. :/Aw ✓.Jub✓.Ji.an.ce ARl..ai.i.ve :l.o C£Jnhtoi.4 and i:h.e valuv.J o I i:h.e 

✓.JchJ..30pMR.nLc newwmi..n.i..c acui. C£Jn:len:I:. UJeAe campaAOiJl.e only wUh. 

i:h.e valuv.J f.ound in chi.J.dA£ i.v.J✓.J :flum. 7 !feaM ol.d. ( 52) 
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Lon.gJ.:l:uduwl. -1:tudi..v.J on ✓.JchJ..30~C✓-J and oi:h.Vl. p/.J!fdii.at:AJ._C 

pa;!:Leni:A ovVl. weekd and mon;th.,,;, d.emoMiAa;ted. th.a:!:. i:h.v.Je low value-1 

UJeAe "()AOup C£JM-l/.Jien.i:.11 f.o/l. all. bu;t 8% of i:h.e un;/;;,p_a,ier/. 

-1chJ..30~c pai:i..en:b.J and th.a:!:. wi.:l:li fuaimen;f_ only 7% 

d.emoMiAa;ter/. i.n.CAR.a,,jed. C£Jnc.en:l:.Jla;l,wn o/ 11:l.oi.al.. n.ewuirn.Lni..c aci..d'~ 

bu;t ih.v.Je 7% bMug/d i:h.e value-1 of i:h.e ✓.Jdu.."30~<:/.J i.ni:o ih.e 

Mlt111al IUlflf}e. By "d.ow;;J.e bl.Lnd." cli..ni..cal evaluai:i.on i..:t llKl/2 

ob✓.JeAYed. th.at clLni..cal ch.cuu;J,e UXM /Jreo/1-e.rdl!f iempoA.ally C£Ji.nciden.i:. 

wLili, and qpali.:ta:l:ive4J,, and OC<:,a4i.onall.!f ~Vel_fj-, A£ledeJ_ 

:l.o ih.e dumg,e i.n i:h.e C£Jnc.erdAati.on o/ 11:l.o:t.al.. newwmi..n.i..c aci.d". ( 52} 

~and.an ~4::1:i..C l.umba.A. pun.c;l:wuv.J peAf.ollllled. i.n. 90 g,en.eJUJJ.. 

h.o✓.JpLtal. pa.:tLen:b.J, Mne o/ uAo✓-,e ~/.Je/.J UK1/.l kn.orm, llevealed. 

17 4c/u_30~C✓-J urw✓.Je mean. C£Jnien.i:. o/ Jtewwmi..n.i..C aci.d llKl/2 

f.ound :l.o be l.oweA :flum. flud o/ i:h.e Mn-✓.Jclu."30~C pa;l:Leni:✓.J 

and even. l.oweA th.an :l:h.ai o/ dul.dAed. l.e/.J/.J th.an 7 !fe.all/.J old. uk✓-,e 

value-1 UJVl£ mud,_ below th.at of i:h.e ~. Ii i.A /.JWJ9-e-JW th.a:!:. 

ih.e "&vvu_eA-Anii..bod.y,11 /.J'l4iem may be 1..nod~el.y developed. i..n. ih.e 

✓.Jdu.."30~C. ( 53) 

0th.ell. ~ 4µ:ppold i:h.e above -1:tudi..v.J i..n. th.at ih.etJ ✓-,h.ow 

an i..n.ve.Me ll£1,a::f:i..oM/u_p brd:ween. ih.e d.~e o/ (Y.J'fdw::l:i..c Llln.e-1✓.J 

and ih.e ab✓.Jol.ui:e amoun;/:. of r;}-yC£J pllOi:R.J.n. newwmi..n.i..c aci.d and a 

po-1li:Lve ll£1,a::f:i..oMhi.p bel:ween. clLni..cal i.mpMvemen.i:. in. ✓.Jdu..30~c 
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pa;l:i-<?.11XA and. i.n.Cll£M€A i.n. ab4ol.ui:.e amount. of g,l.y.mpM:lein. 

newuoni.ni..c acLd. i.n. :Ute evtebMpi.nol fki..d.. (fl) 

F;wm ch.emi.cal. val.ue1 al.one a d1.mjno4iA of 4cJu..30p/vten,La 

UXM made i.n. 122 c.M€A: i.Julependeni clini.cal. evol.uai:.LoM mnCLJ.JUlR.Ci 

i.n. 119 c.cv.,e1. (onmAdance of ~ of i/te /.JeveJti..;b; of i.llne14, 

{.anLly. hl.A:l:oJUJ, and. ch.ang,e1 i.n rundUJ.oM dwu.ng, :Ute pe;uix/. o / 

ob4e/lllaiwn UXM d.Jni.la.M.y ¼Ji. T~e ~ appe.aA. :lo be 

of pcvzi:Lcul..aA. ~f,Lcan.ce i.n. ilud. i/te cli.ni..cal. populaii.on UXM 

:foi:.ally /lRJTIOVe.d. pwrn iJie ch.emi.cal. J.a/Jo/1.afo/UJ /.JO ih.ai neUfteA. 

clw...cal JZ.aieM rw/l ch.emi..cal. anal!f11A h.ad W1lJ k-uJwl.ed.J;;,e of each. 

o:UteA.1 /.J fi-nduwtr1 and 4bzi..cf_ d.ouiJl.e b1Lnd. pMcet:l.wi£. UXM mai.nJ-.ai.ne.d. 

iAMug}wu:1:. ( 54) 

F llOm 11-mon:Ut {illl.ow-up 4:1:udLeA o I (Mydu..ai:A.Lc pa;f:i-erd:A i.n. 

A.€Apeci. :lo newwmi.nJ..c acLd. r;,angli.o4i.rl.e1 and n.euAOmol.eculaA. 

liexo4€A and liexo/.Jeami..n.e1, Lt appenM ih.ai :Ute dum.g,e1 i.n pM:lein.-bound 

/iexo4eami.ri.e appewt :lo rull./UU..a;/:e tni.;1:/2_ mood and o:th.eA. /.JerunhrJAJJ 

4!JP2ph}maiol.o<J1!- and. liave ocCll/l/l£d tni.;1:/2_ dmuJ ih.vzapy. M well. M uu..1:/2. 

eled:Ao4/ioch. iAe.JUJ.py. (f,57 ), and. ol.Ao 4paninn.eoWJ-ly.. On :th.e oiAeA. 

h.cmd, l.evw O I pMi:ei.n-bound newtomLni..c acLd. fkJ rwi. VaAJJ uu..1:/2. 

/.Jemnd.cuu; ✓.Jympi:oma:l:ol.o<J1f- bu± appe.aA. :lo be llRl.ai:R.d. :lo :Ute level of 

mai:wli.:hJ i.n. :l.eArM of clM/.J.Lcal. ?4!fch.ol.o<j1.cal. and ?4!fch.oanalyE..c 

peAi.oc11 of devekpneni and. o:Ute/l p/UJflll/UJ peMonolLti; ch.aAac:wzLdle1. (52) 

Wlien :th.e l.evw o I newuoni.ni..c acLd. UJeA..e {illl.owe.d. 1.n. a p<MlllWi..d 

pa;f:i-eni wUA 4du._30rJi-;wu-a {il/l pUA. mon:fiv.,, and. :th.en :Ute pcdi-eni 

UXM :btR.aiRd uu..1:/2. ~ :Ute/le UXM a 700% i.n<:Ma4e i.n. :Ute .anou.ni. 

of /2.exo,-:3eamuie 4!Jfdh-ed..~ i.n. pMi£1.Ji-bound {il;un., bu± ih.eAe UXM 

rw ch.ang,e i.n. :th.e newwmi..ni..c acLd. runi:.e.n;f:, and. :th.e paii..eni du:i. 

rw:t i.mpMve dwu.ng, :biea.Jmen;l 7/ie pa;ttR.M. pA.€Aen,;te.d. b!f i:h1.A pa;lleni 

llepA.€AerdR.d. 8f/4 of :th.e 4du._30rJi-;wu-e1 1 A.€Ap<JM€A uAo IIJellR. :f:h.u4 4:1:udLe.d. 



Th.e -1eeon.d. ca✓.:,e UKl/.j a pa;fi_en.:t uiw -1/wwe.d. a l.eA/.Je.ll. .lnCA£04e .Ln 

h.ex.o-1eam1.ne uilh. 1.rwuli..rt :th,<Vlllp!f bu:t uiw had fTl.(JM.ea lll.CA2a4e 
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.Ln ~c acLd, 6~ J..:t i.Jdo :f:h_e nomool ~e. Thi.A 

pa:ti.erd. -1/wwe.d. ll1l1M.ed. cli..n}_cal. i..mpMvemen;I;, and Ae. Mpll£/.Jen.:ted. :f:h_e 

ll£/.J(JOMe (i;und. .Ln ! ,lo of :th,e -1du.30rJvz-eni-e1 iJuv.J ,11:udi.ed. ( 52) 

ThiA ,1:lud.y ll£/.Jul..i:.ed .Ln :f:h_e fol.1ot1JU1JJ fu;p;:th_e,,1.w: /.J.lnce 

h.exo-1eami.nR.. iA a /.J~c pMCUMoll. o / newuoni.ni..c acLd, :th.i.A acCUITIJ.dcd:1.on 

of a pMCUMOJl, uilh.ou:t :f:h_e accumulcd:1.on o / 1..iA dvu..vati..ve, 

/JUIJf)eA::l :f:h_e pv,1/Ji..b.i.l.J..h; v / an en3'Jl'Zafi._c 61.o ck .Ln :f:h_e conve.Mion 

of /2.exo,1eami.n,e :l.o newuoni.ni..c add.. ( 52) 

5 pi..nn1 fJ.ui.d. UKl/.j analy~ by UAe o / di..aly~l.e and 

non-dLaly30-bl.e pza.c:fi..onJ.N;. One {Aaci:i.on o / :f:h_e non-dLaly30-bl.e 

{Aac:fJ..o~ cal.l.ei po.c:fJ..on y (()/A), coni:a1.n.ed. !6.1/o nil.Ito<;~ 

newuoni.ni..c acLd i.n. a conc.eniAa;l:,wn of J. o%, h.ex.o-1eami.ne 4. 0%, 

and /2.exo,1e 9. f/o. 91VA UKl/.j found. :l.o p<VtO,ilel cl.o-1ely the :total. 

~c acLd: the ¼Ji.ell. :th,e val.ue /oil. :total. newuoni.ni..c acLd 

i.n. :f:h_e (SF, :f:h_e ¼Ji.ell :f:h_e val.ue foll. 9VA. ( 55) 

C.:4;/d:een out:. of ni.n.d:£.en /.Y,ChL.30rJvz-eni-e1 /Jlwwe.d. 9VA val.ue,,1 

beww 9.5 m9 wU:h. a mean of 6.7 mC<J- Tlvtee chi..1cuwt beww 7 

!feaAA v / G.<Je alAo -1/wwe.d. 9VA val.ue,,1 below 9. 5nC<J- Ten vu:l o / 

~en chLlrvw:l. ove.Jl. age 7 and non-,1du.30rJvz-eni-c adulbJ had 

9VA val.ue,,1 ~ th.an. 9. 5 m9 wlih. a mean o / 12. 6 mCiJ-- I ::l 1A 

v/ no::le iAa:t eadi o/ :f:h_e rwn-,1du..30rJvz-eni-e1 wi..1:h. a yNA val.ue l_e,,1,1 

:th_an 9. 5 m9 had a 6/ULUI, neo pl.Mm. ( 55) 

T/2.e /J-nduw~ on F Mc:fJ..on y pMvi..d.e a ,1econ.d. i.nd.ependerd. 

me.a1wwnerd. wlu..di Co/UlR./.Jparui-1 wel.1 wlih. me.a1wz.emen;&., v/ :total. 

~c aci.d i..n. :f:h_e cell£.OM/.Jpi..nnl fki..d- and ,1uppvlli:A the 

f.J-nd-i-n£, iAa:t :th,eJZ.e 1A an abno~ i.n. :f:h_e ~o-aci.d

c.o~ -1ub✓-1:foJice4 of :f:h_e (SF of ,1du..30rJvz-eni-e1. (55) 



Chl.oll0pl1!1l eih.arwl UKt/.1 tMed to ex.iAa.d cen;vu_fug,ed 

ceA.ebll0-1pinal. fluuJ- ((SF} of 84 pa;li..en:l:A Ao-1pU:alJ..~ p1t mollR.. 

:tAan. 5 !fea/l/.J wi..i:lt -1clu..~~c -1!Jfflpioma;tolo(}!f ulw weA£. <J,Lven. 

M fa:t-coni:ai..ni.ru; pod. 01t uledlci.n.e :11- Aoll.ll/J pll.U)1t io JWnOval 

o I iAe C'.RJWJMpi.nnl f,uu.d. (hl.ollO pJ/1/ll exhui.c:fA o I tAe pehwlewn 

e:!:h.e1t /lR..,11.due cord:ai..n a llpope.pi:i-c compl.ex compo-1ed of tAe llpi.dA 

wi..i:h. -1llt),C1A/.J and ami..n.o aCW/.J bound. i..n.. a pepi:i.de compl.ex, 

eApeci.al.1.y wi..i:h. i.Aon and coppVlJ. ( 'J5} No µmdamenial dl..ffellR..neeA 

IJX!.ll£ fi;und beiween. -1du.~~e1 and Mn--1du.PJ~CA wi..i:h.. 
ihiA metAod.. ( 59} 
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~ on :l:h.e 41AR..JULi. (old.ex and Tlupwi.d m Schi..~rJvreni.a 

lh..e h..w:f.ol.og,y o/ :l:h.e adAen.a1. g)..andA m -1ch1..~plvwu.CA UKv.J 

exami.ned. po-1i mold.em and :l:h.e ab-1ence oil. defi-ci.ency of adJwuiJ. 

l.Lpi.d -1:1:.aini.Iu;J UKv.J {maul. :f.o be -14ni-fi-cmdly ~ tJum. m 

a mi.xe.d. roup ol 0th.ell. men;/:oj_ di.Aea,,1e.1. (Me-1 u/w h..ad 11.vell. 

dcmag,e awo -1h.oW€d a /.Jl.mi.lall. de{Lci.enq; and :!:hi.A UKv.J found :to 

be baARl.y 4i..g,n,Lfi-can±.. Th..e -1chi..~plvwu.c <JAOup con.i:auted moll2. 

cw.,e-1 of 11.vell. dcmag,e tJum. ih.e coni:Aol. rywup bui uh.en pa,uted. /oil. 

CUfe, /.Jex and adAR.nol li.poiflA, ih.e ~ IJJe/l£ rwi ~fi-can±.. 

U UKv.J concluded. i:lud. di.Ai.wuJance,J m adAR.no1 -1:lvwi.d meJ:aboli..v.m 

weA£ of-ten pJUVJeni m -1ch1..-p>rJvreni.a io a 4i..g,n,Lfi-cani de.rpee. 

Thai -1udt a di.Aiwih.an.ce mu;,h-:t JWUi.ell. th.e 11.vell. moll2. vul.n.vw.bl.e 

:l:o Olfen;/:✓.J ol dwea,,1e UKv.J -1ugg.e.1i:.ed, bui m ilUA CO/Ul£.W..On 

numbellA tJJeAR. i.rwu/{Lci.erd :to be conCWAi..ve. ( Sl) 

FadoM uiu.dt i.ndi..caie a di.Ai:wzbance of adJwwl. -1:lvwiflA 

m 11.vell. di.Aea,,1e O/l£ :l:h.e i..n.c.A£.cv.Je.d. /.JeCA.e:l:.wn ol aldo-1:lvwne m 
h..e.pat..Lc ci.Mlwd-1 and i:h.e l.ow conCR.!1XAfdLon of 17-keio-1:lvwiflA 

m paiLen;l:✓.J wi.iJi polli:al. ci..Mh.o4i.A U UKv.J concluded. i:lud. :l:h.e.Jl£. 

UKv.J iJwd~e adJwwl. fimc.:twn m ~ d,wea,,1e -1:/:a;te. ( Sl} 

~ 

Ten duwni.c -1chl..~plvwu.CA u1w weA£ ll2.pw.doll-!J :to duoll(J/Wl1la~ 

i:Aecdmeni IJJe/l£ di..vi.de.d. i.rd:iJ iuv <JAOup4 ol uiu.dt one WM <Ji-ven. ch..1.ollflla1la3-'Jl.e, 

:DJ-4aJ mg/ rim; and AllMiocoAi:, 8- 16 mt/ day /oil. ih.ll2.e week/.J. Th..e 

o:l:h.ell. rywup WM g,i-ven. :l:h.e chl..ollplWl7Ul.~e and AllMioc.old. placebo. 

Ii UKv.J a d.vubl.e blLnd -1:!:udy and iuv pa:li..en.:l:✓.i, both. wmen., -1h.oW€d 

:bwMi..eni i.mpMvemeni:.. Th..e c.onclw.u.on WM made i:lud. adJwwl. 

-1:lvwiflA O/l£ on4f -11.J..o)±L.i; benep_cLal m enh.an.cing, :l:h.e JUVJpoMe-1 

o / :l:Aeaimeni- ll2.ptado!Uf duwni..c ,1 du.~ p/vwu.CA, ( 58) 



Fi..ve 4chJ..30plvz.e.ru.,c paii..eni:4 WVll!. r;J..ven 50 mg, of c.oA.:twone 

fowz. Jime4 d.ai.ly. /o1t 2J ~. Th.en tlte admi..ni...4:1:Aa:twn o,1- eoA.:twone 

IJX1/.J 4topped. and hl.ood level.A weAe foll.owed. {oil. 119. 5 h.oU/l/.J apavr. 
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tAe 1(1/.)i. do4e. Th.e l.owe1i. l.evel. ot 17-/up.Aox.y. c.ol1:f:J...c.o4zVlOi.d1 uxu, 

found at 2-1- h.oU/l/.J and 48 MU/l/.J aµell. iAe 1(1/.)i. do4e, tlte blood level.A 

ll04e unii.l. 119. 5 MUM at uiu..ch. :lune i:Aei; WIVl.e found :lo be at 

i:h.ei.A p1te-wi. l.evel.A. (lli.,;tlcol /J1-cke1t ~enCJJ ((FF) did noi. 

ch.anJ;e ~fi-cani:l..y ~ c.ol1:f:J...4one admi..ni.A:bui:1:1.on. Al..:IJwUfjh. 

i:h.e.Ae IJX1/.J a CoM.u.Ji.eni. dolUlllK11lfi. i.Jtend, i..n err i..n fowz. c.a4e4 ~ 

i:h.e pelli.od I 2-48 MUM apavr. c.oA.:twone ~, i:h.e CftaIUJe 

IJX1/.J ~/i-cani:. at i:h.e ('P l_e44 i:h.an O. 05) i..n only :baJ cw.,e4. No 

ch.ang,e ocCU/l/lR.d. i..n OlUJ paii..eni. i..n tlte fff;'4 . lh.u.-:J, U appeaM th.at 

4VUIJTl l7-~x.yeol1:f:J...c.oi.d1 can µud:ua:le wut/2.i..n. a wi.d.e JUJn.g,e 

uzu:lwui. bei..ruJ a440cLa;f.ed wU:h. ~fi-cani:. {ffj ~e4. ( 59) 

One 4UOjed:. uh.o/.Je menial 4:l:a;te dei.elli.oM:i:.ed. ~ i:h.e c.oA.:twone 

admuiu.d.Aaiwn uxu, found :lo have an ~ c.oA.:twone level. 

uiu...ch. alAo did noi. d.Jwp a{;wi ~ of c.oA.:twone. Th.e 

4pec:u.l.a;t,wn 1..4 o//e.Jt£d. th.at i..n ✓.:ieve1te menial. du.J:l:uAhance1, 

eoAi:.,u.Jone-i..nd.uced. oil. 4pon;/:an£.oU4, ih.e i..l.l.ne44 may CoMii..:fuj-_e 

4u/fi-ci...eni. 114iA£--1,/1 to p1teclude i:h.e dep/lR/.)/.J,Wn i..n ad.M.rwc.oll:fJ...cal 

fund.ion ulu..ch. 1..4 no,runa,l/_y i.nduced. by adrww1 ✓.:ii.VlOi.d admi..nJ.Ai:.lla;li_on. f 59 J 
In a 4:!u.d.y, de4i..gn.ed. to eli..ci...i. 4:f:A£/.J4-J.ndii.ced. ~e4 i..n 

adrww1 c.oldi..cal pm.d:.wn :li.verd.f; one ✓.:iubjed4 uAo WVll!. di..atyw4ed. 

M be.iJu;, anxi.oU4 llXVte U4ed. 131.ood uxu, dAOWn f,Avm ih_em at 9 A.tr!., 
(/ . 

1O:.P A.frl ., and at 2:.P 7>.irl . on pll.ll. 4uccv.idve ~ wixh. day 

I beullJ :ilte bMe day,. On ~ 2, J, and 4, ih_e paii..eni:4 weAe 

4ubjed:.ed to anxJ...el:1f-pllOvoki.ru;J i.ni:.ell.vi..W/.J one-h.a1/ Mll.ll. bef-o1te 



~ 

i:h.e blood l1X1/.J dAaJm.. a:I:. i:h.e 4:1:a;ted_ ::ti.me p~. T wen:b;-/oUA. 

h.oUA. f1./U.J1R./.J weAe coll.ed:.ed pwm 8:)] A. i11. to 2:)] 'P. ,rn. and 

2:)] 'P. /r1 . :to 8:)] A • . rrJ . TheA2. wvz.e rM/Jo i:w conhtol 9fi')Up4 

uAo wvz.e /.Jubjec:f. ;fu i:h.e /.Jame pMceduA.e✓.1. ( 6o) 'fl_a,,;ma 

hydMcolliiAone l.evw and lllU..IU1Alj /2.yd;wx!f-coldl...co.Ld exCAR.i:i...on 

WV1£ 6o% and 70% <)Ahdvi, ll£/.Jpectlvel!f-, in anxi.oM /.Jubjew on 

a "lxv.Je 11 day. ilum. in nollJTLa{ con:owl.4. The elevrded blood and 

U/UJIR.. 1-evw weAR. rna1JdaLned. in ih..e anxi..ol.l/.J /.Jubjew OVelt a 

µ>UA. day. wii.ru;f peni.od. ///hen a /.JVU!/.J/.J inveJ1J1i..ew UKL1 g,Lven 

i:o ev<!.ltlf anxi.oM pai:l..erd on each. of i:h.e 1-M:1:. ifvr.ee dGJJA J..:I:. 

fai.led i:o inC/l.eade /.J.UJ'U-fi-c.anil!f- i:h.e blood 011. wtl.ne Mllmt)ne 

1-evw in i:h.e 9fi'Jll.f• When ih..e /.)Vlf!A/.) daJ,µ weAR. /.Jepcvza:led in.i:o 

Jw;;A, medi..um and low daJ,µ {o11. each. -1ubjed:., i:h.e clumg,e in pi.Mma 

~colliiAone level lLKL1 4I.gru.fi-cardl!f-~ on i:h.e day. of 

~:I:. inCllR.C14e in anx1.,el1f- ilum. on i:h.e day. of lead dumt;;,e 

J..n anx1.,e.4-. The inCM!.a/.Jed pi.a&na and wt1.n.e 1-evw in anxi.oU/.J 

pa;li...e.n:IA (1/l£. :taken Cl/.J ev.Ldence i:h.a:I:. i:h.e adA.enal. co/d.ex 1../.J /.JeCAd:1.iuj 

a:I:. a hl..tJ,-e1t ltaie i:h.an. in no~ con:owl.4 in i:h.e arouoU/.J ;xd,Le.n:IA. ( 60} 

Fo11. coldi..co.Ld l.evw i:h.e cu:ute /.)chl..-sop/vwu.~ (1/l£. moll£ 

vOAlllble th.an. i:h.e dvwni..c -1du..-sop/vwu.~ bu:!:. no:I:. -1ij.nlfi-card:l!f- -10. 

lloweveJt i:h.e i.mpll£/.J/.JJ..on i:h.a:I:. 4du_-sop/vwua pll£,/.JeJ'l.i:A p/u;4i..olo<Ji-cal. 

i.mbalance J..n n€.Wl0-end.o <:.JUJte ~a;/;wn✓,J/ii..p-1 peMJ../.J:1:/.J. ( 61) 

The i.mpauzed abi.li.i:JJ :l:o han.dl.e gl.uco-1e and i:h.e i..Muli..n ll£/.JM:l:.ance 

llepea;tedl!f- demoMi.Jud.£d. in mental ~ea/.Je ap~ :to J..ndJ..ca:te 

i:h.a:I:. i:h.e /.JU<yVt-ac:f.Lve ,1:/:.elll)J..tM pl.aJj a pcvd altlwugh. i:h.Vl2. 1../.J no 

compi.e:l:.e ag,,mz.em.erd on i:lii✓.J. Boi:h. fu;poac:f.Lvi.iJ; and fu;pVU1ctlvliJJ

o/ i:h.e adJwwl co/d.ex ap~ ;fu be pll£,/.)erd in -1du..-sorJvtenL~ 

uAo demoMiAai:e a cvda1n. i..Miabi.li.i:JJ o / {1111.c:t.Lon and an 



1.mpaurmen.:l 1..n. i:Ae mai.n:l:£n.an.ce o / h.omeo,1:1:ail...c bal.an.ce. ( 61} 

5:l:udi..e4 on i:h.e ilupwi..d gland 1..n. ,1c/u._30rJut-en,La have ,1/2.ou,n 

:/Jud. i:h.e .i.l1ne44 Ci1J1. be aCOJmpani..e.d blJ noll!Tl.ai., und.eA.-01t-oveA. 

adlve µuidlon o/ i:h.e ilu,pwi.d.. (62} 11d U Aa4 been found. :/Jud. 

nonmali..~n o/ boi:A i:h.e arbwwl. and ilu,pwi..d µmd:ioM iA an. 

M4en:li..ai.. concorn.Li:an± o I ,1ponfan.eoU-1 i.mpllOvemenJ:.. ( 62} 

Th.e hypoi:h.<?Ai.A of an. abrw~ o/ ilu,pwxi.ne mei:abolu.xn 

1..n. ,1c/u._30rJut-en,La Aa4 been J.e4:l:R.d 1..n. i:Ae foll..ow~ ,1iudi..e4 by 

meaAWU..llfJ i:Ae JUde o I ilu,pwxi.ne d~n 1..n. paiLen:!:A wi..in 

acu.:l:e and dvwni..c ,1Jt/ij_30plvwun, and. comp<VlllllJ ifte4e ll£4ul.iA 

wi..in val.ue4 obiai.n£d. 1..n. rw/lll1fU ,1ubjec;&J. fJaJ:i..enh wi..ih. oi:h.eA. 

P4!fch.oi.Lc .i.l1ne44 and CALppl.i.nt; neullOl.og,i_c dv:,ea,,ae4 well£ al.4o 

,1iudi..e.d :to pll.Ovi..de compcvtlAon. (63} T!te majoAl..i:.t; o/ ,1ch.L30p/2Aenl..e1 

Aad pllOi.ei..ri.-bound. i..odi..n.e (ml) val.ued wl-1:hi.n. i:h.e ~ of i:Ae 

conl:.ll.01. <J,ll.0Up4 ( 5. I mcg.. % - 9. 4 mq;. %) • T!te fJBI levw wl-1:hi.n. 
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:!:h1.A llanlJe well£ hi.gAe4J. 1..n. i:Ae pa,wn.oi..d paiie.ni:A and. l.oWe4i. 1..n. i:Ae 

dvwni..c, und.J,-1/~ and. dvwni..call!f dei.vu_vllrd.ed and 

cah:doni..c <J,ll.Ollf4• T!te dl//e.1t.ence/.J well£ noi. ,11.aJ:i..4iJ..call!f 

4i.o/U-/J-Ci111.i. T!te f4!fch.oli..c p<di..e.rd✓.1 UJeAe noi. h.ityieA. i:Aan. i:Ae 

h1..gA fl.0/lfrl,OM bui. 4ome UJeAe l.olll<Vl. i:Aan. i:Ae low noltlrlfZl4. ( 6 3) Low 

valued UJeAe found. 1..n. i:Ae dvwni..call!f pa.NJlyJe.d and 1..n. i:Ae dvwni..call!f 

/2.o,1pL:iali..3e.d men:i:.al. de/edlve4 and. 1..n. paiLen:!:A wi..ilt c;e.J1R./Ull 

fQJl£4iA. Only 4 oui. of JI ,1ch.L30p/2Aenl..e1 had 7>81 val.ue4 below 

i:Ae l.owe4i. rwAtnal value. Th.w., nonrnal. ro1 14 Gll.e found. 1..n. :l:f...e 

majolU..i:JJ o/ ,1du.30p/2Aenl..e1. Low 'f>Bl val.ued ht i:h.e ~cnLl!f 

abrwnrnal. paiLen.:l C1/lR.. rwi. ,1peci..f,Lc and. C1/lR.. compa;iabl.e :to :f.h.o4e 

,1een m i:Ae dvwni..cal4f Lil ,1u//Vl.UU} ~ o:l:h.eA. di.AoAd.eM. ( 6 3) 

The rn.ajnfli.4- oi ,1chJ..30p/2Aenl..e1 wi..in ilie excepi.Lon of a /w paAOMi.d. 



and dutoni..c d.i:.vzi..om:d:.ed. ca-1e✓-1 had noAITl11i. i.wvwveA ~ cu, well.. 

cv., nonrnal. WJI val.ue✓-1. ( 6 J) 

TlvfAO.i..d. f.un-cti...on /2,cv., been dwwn :to have e//ew on :l:Ae 

Jt.MpiA.a:lwn o / W/.Jue i.n. expe/U.111.eni.ol ~. Ki.dn.ey,, li..ve.A, 

/.Jkelei:al. and ewtdi.a.c fllll/.Jcl.e /.JMW an i.n.Cll.e.Med. ox_!f(Jen (0} 

c,oMumpii.on af;t_eA. i:lupwx.i.ne :vt.R.aimen:t and deCA.ecv.,ed. 0 2 

u:l:Lll~n fiJilowi..rug, i:Jupoi..d.edollUJ• Adeno/.Ji..n.e hu.ph.o,1ph.a;te 

( AT<p) .uJ e✓-,4en;/:,i_aj_ /iJ11. i:lupwxi..n.e :to pMCLuce an e//ec:l on O 2 
c,oMumpii.on i.n. an 11i.n. vli:Ao 11 4Y4i.em. O:1:AeA ,1:/:udi._e✓-, 4UIJ-9,Mi. ihaz 

i/uptoxi..n.e i.Mi..bJ..:1:.4 0X!Jffen C,OMumpii.on O / Mmog,enaJ:.e✓-1 :f:o IIAf.dt 

di..plw/.Jplwp!J,lli..di.ne nucl.eoii..d.e (Of-#) /lJ!.~ ,1ub✓.Ji:Aa.J:£✓.J have 

been added. (Gff) 

5:tudi..e✓-1 done on O 2 C,OMumpii.on i..n. 4c/u._30p/vteni..Cd kw ihaz 

:l:Ae dL//eAence bdween tAem and no.ltJ'flOM bec,ome✓-1 VVllJ &nall uiten 

:l:Ae paii..en:t/.J allJ!. compall.ed. wd:h. no/lfllal. ,1ubjew uito li.ve und.eA 

4i.mi.J..<JA c,ondL:ti..oM 011. uiten onl'J bJU...e/ /2.o,1pU:,alI~n /2,cv., been 

:l:Ae expvzi..ence. In one 41:ud.y o t h.ebe?'vzenLCd no abno~ i..n. 

O'X.f/9,en C,OMumpii.on UXl/.l noied. ( 6 J) 

Th.e paAWW.i..d. /2.cv., a ,11..g,ni..fi-ca.n:tl..!I- lu1Jh-Vt i.wvwveA. m:d:.e Mon 
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:l:Ae noAITl11i.. Th.e f-Bl mean UXl/.l not. ,1i_grLLfi-ca.rdl.'J l.aAffeA. tAan :l:Ae nonrnal. 

( p j_e✓-,4 tAan o. 025). I :t i..A 4Ut)fj,M:ted. ihaz paAOJ1LJ.i..d. pa:fi..en.:l,J 

mani../e✓-1t. a dL//ellJ!.nce i.n. /.Jome cv.,pew o/ i:lvpwi..d. f.un-cti...on. Th.e 

po,14i..bl.1L4- exi..A:IA iJud. a ki.nd. 011. ~ o/ :l:Ae emoii.ona'-

4:1:af.e and not. tAe di.agfw-1Uc ca;le_g,vll.!f- i..n.fl-uenee✓-1 :l:Ae iJupwxi..n.e 

iwuu>veA 011. plcv.Jma pMi.ei..n-bound. i..odi.n.e. ( 6 J) 
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(attbofupArde and. CnVlf)Jf trldaboliAm i.n 5chi_~ptuwiLa 

Ii h-<M been. noied. ilud. people ~ffvzi.n.g, (Aom di.abd:RA 

melli.:b.M aAe noi pMne :l:o 4chi_~rJut-eni.-a, and all.vu;;J..e-1 ,::1uch.. M 

Mi:hma. aA2. 4i.a:ti..✓.Ji:J..cnll.y Jt.aA2. a/ll.012f), 4chi_~ph.A£JU..c.:i. Ii M,,J 

i:h.vt.e{nll.e been. po4i:ula:l:.ed. ilud. iAe lu;-po~ may, ~e iAe 

,::1eCA£.ii..on o I i.Mulln. M well M ilud. o I epi.n.e~ and. noAR..pi.n.ep/uu..ne 

b!f ilie adMna.l medulla. In di.abei:i..c.:i u1w 4u//ell. pwm t!Jfpo(j/41j-cemi..a 

U i.A po4i:ula:l:.ed. ::th.a1:. ineiA epi.n.epluu..ne pAOCl.uctlon i.A al.4o 4up pll.e44ed 

an.d. ::th.a1:. :l:MJ; Aave few all.vu;;J..e-1,- c.onveJUJely w.,:ihmaii...c.:i rb noi 

4u//ell. pwm 4chi_~rfulenJ-a becm.J/.Je in<?.Lj Aave a AR..lai:i..ve lack of 
. ...,J,,,,·,_,, (65) ep,Ute/fi v....., <,e.e 

In ilie ll.eC.OVVUJ pwmi..rwul.J..n. lu;-pocµycemi..a 4chi_~pM£nl..c.:i 

pM4 i:lvwugh. ilie fnilolllUUJ ,::1i:atJe1: ( 66) 

(I) "5i:at;e o I II aki.n.ei:i..c rru.di.Am11 .Ln uiu..ch.. tlte pai:i..en.i ,::1ee1 
and. h.eaM bui. i.A U1UJ.bl.e :l:o move. T/-iu.J 4ame 4:1:.ag,e 

# 

ocCl.lltA .Ln g,o~ i.n:l:o a c.oma ,::1uch.. M iAe "body d.eep 11 

o/ Von cconomo. fl 

( 2) ''5eMolUJ an.omali_e-1 ,::1uch.. M i.n<Yl£a4ed ,::1peed o/ 4een. 
movemeni.4 ocCJ.1./l. nex.:l:.. f~log,wi4 have ,::1/2.own 
h.ow much.. o/ tlte ~ o/ ,::1peed d.epeJ/11,,:J on ey,e 
movemeni.4 uiu..ch.. fellow tlte movi..ng, objeci:." 

(3) " T/2.e ,::1htu.t;g).e {nil. c.oMci..oU4ne14. trlaJUJ pai:i..eni.4 4peak 
o/ iAe enoltJ710U4 e/ fnld i:Aey, mah.e :l:o CUUffj ih.erMelve-1 
back :to AR..~ 11 

( 4) '71-iu.J ✓.Jhtu.t;g).e i.A fellowed. by a /e~ o I ll£1i..el-, 
ha.ppi.n.e,::1,::1, elai:i..on an.d. ,::1omeiune,::1 by eup/wlli.a an.d. 
ovVl.-evaluaiion o I :th.e pa;li-erd !✓.J merd.al and. ~Leal. 
f.o.culli..e-1 by MMelf-. fl 



The cold.Ex i../.J ih.e /J-M:I:. to be attected i..n i..JMuli.n. 

/ug:>o<jl_yCRJnLa and. ih.e ~:I:. :to ll.eCOVVt on ll.e{ue.l.J.ng,. ( 66) 

The etted o I iJd:A.avenoM (I. V. ) cu:lrni.ni.A:bz.a:l:.i..on o t 

epi..neplvu.ne upon /J-ve CO/Wo~ moi..d:i..e✓., tJ.KVJ ,1:tudJ..ed i..n 

4i.x noMtai. and i..n 4i.x p4!f dwti.c pa:1:i..en:&., ovvi a 3 howt pe.tti.od. 

fi;l.bwi..n.g, :tlie i..n.g,e✓.,ti.on Of <jl.uco,1e, 1//J..;t/t epi..nep/vu.n.e, ih.e blood. 

concen:bzai1.oM o / <jl.uco,1e, ladxde, and. pfJAU-va:l.e ,1/wwed. 

muclt ~ llL/JeA and iAcd Of alph,a-keio~ a 4omeuAa:t 

~ llL1e :l:lum wUiwu:I:. epi..nep/uu.ne, No 4i..<;}n,l/J-can:t elf-ea 

o / epi..nep/uu.ne l1K1A no:l:.ed on pi.Mma cJ..i:Ao;te level {pi..nepMi..ne 

i..n{u.41..on /iCliAed blood. lll?.duced <jl.u:l:.a:l:h.Lone levw ~/J-cantl.y 

bu:I:. h.ad. no et/ed on eod.MrJul. levew, pllObably becaJ.1,,1e o/ 

ih.e ,1malJ. d.o4<11)eA empl»!fed, ( 67) 

AbnonmalUJ..e✓., o I CO/Wo~ me:l.aboli..4m ,11Jni.laA. :to i:h.o,1e 

COJJ,deJt by epLnepfuu.ne aM ob4eJtved i..n tnalUJ p-1ydwti.c pa:1:i..en:&., 

and. al4o i..n a vOAi..e.:q; o/ o~c r:Li.AoM.eM, A:t leM:1:. fi;UA 

me~ uiu..ch. CGJ.J,,1e 4i.rni.l.OA ch.mw~ OA.e anolWGi..a, ilu..ami.n.e 

d.e/J-ci..enCij, exce✓.,41..ve adA.en.al. c.ol1.f.i..cal. acii..vi.4 and. exce✓.,;1,Lve 

adA.en.al. meduU..<VllJ acii..v.i.iy,. ( 67} 

T hi.o ci:i..c ( alph,a-l.i..poi..c} aci.4 a wa:hvt. Ml.uble v 1.±ami.n., lltl4 

~ven :to 41.x dvzoni..cal. ,1chJ..30pM£nl..c pail..en,;/:,,J. Tlvtee ,1/wwed. 

~ i.mpllOvemen:I:. on 4mal1 d.o,1e✓.,: fJ.-ve o/ ih.e 41.x ,1/wwed. 

cond..d.VU1ble I.WM~ on laAffe J.o4e4, lmpauttnen:I:. o I ke:to aci.d. 

uii.JJ..~n accompanl..ed dlni..cal. lWM~ The mech.ani.An 

und.vu!fUUJ tlte bi..ocltemi...cal clumc;e 1..4 Mi WwllXl./ 1..:1:. 1..4 po44i..ble 
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ih.a;t exce✓.,dve i..nJ:oh.e o/ ihJ..ocii..c aci.d. pll.ec1._pli:.ated. ilu..ami.n.e 

d.efl-ci...enCfr The d.aia o/ ih1.4 mul otAe1t 4i:w:l)_e4 /.Jll{f;l,eA:I:. ih.a;t 

i.mpauttnen:I:. ol ke:to aci.d. uii.lJ..~n CGJ.J,,1e✓., merdal. du.d:1.1./lbaneeA, (68} 



l:t MA been n.oied th.at. pa;/i..e.JU:✓.J wUh. [11.4/u.ng. 1 /.J /.JyndMme 

exlu..bil de/ecti..ve kei:.o aci.d tdl.lJ..pdi.on and. al-10 -1/ww men.:l:nl. 

,1ympi:onw. 5h.VWJ ch. et.. al. and. Swhmey,ell. et.. al.. pllfll), :l:lud:. 

dei:.vu.ocvdi..on in iAe meni:al. -1:taie /.Juch. a✓., dwo/U_e.rd:aii..on 

pMg,;te/.J/.Ji.ng, i:o c.oma o CCI.JAll£d. i.n. pa:f:.Len1A wUh. cuww-11.4 uiten 

uti.JJ..pdi.on oi kei:.o acid✓.J became h.i..ghl.y abn.omial.. (68) l:t ,1eenu,, 

iAvzeplle., iAat Velllf maM.ed. i.mpaiAnerd of kei:.o acid ut1.li..pi;fi.on, 

M in ,1eve.;z,e h.epa;!i_c dweev.,e, may. by wel.f c.au,✓.je meni:al. 

de:i:.vu.olUlii.on, ldl.ell.eM in iAe otAell. c.ondl.:ti..oM wied above, 

Lt pl..a~ onJ.y a c.on;bti_bu:b.JIUJ and. ~ph.vwl Mle. ( 68} 

AcCWlaCJj and. llR.pMduci.bUU:.y, o/ P4ffclu..a:bu.c dLag.no✓.,J.4 a/lR. 

tAe ~:t baMi..VUJ in <Jf1Jf ai:.i:Emp:t i:o 1UUa:te bi.och.emi..cal and. 

i ene±Lc defew i:o emotional. Llin.e1,1. Thi.A L1 p<Vdi..cul.evtl.ff 

i:Aue i.n. -1clu..30plvt.eni..a. Th.e tA!lR.e rna,p;/l. f.a.ci:oM /l£4paMi..bl.e pJll. 

tAe JZ.elLab~ ~P all.e: (I) i.n.c.oMi.4:1:.en.cy on iAe pcvd of iAe 

pa;li_erd in :t.al.ki..nfj i:o -1eprvtai:.e inJ:R..Jzvi.ewe.M1 ( 2) inC.OMM:f:.en.c.Jj 

between i.n;/:,vtyi.eJJY.J i.n. eli..cLiiJuJ- /lR.,levan;l rnai.vu..al. /Mm iAe 

pa;li_~ and. ( J) inadeqpaq; of nomencl.a:b.vle. Tftvt.e. 1./.J n.o 

GfjAE-emerd among, p✓.,ff~:61 uiteiAeA ✓.,c/u._~p/vwu.a L1 one 

d.i.Aeev.,e, a CjMUp of di.Aeev.,e1, o/l. a -1ympi:om c.ompl..ex acc.omparuji.n1; 

a VafU_e:bj of me:l:abol.1..c and/ oil. puj/Ji.ol.og)-cal d.i.A:l:uAbanee1. ( 69) 

Y<ecerd -1:tudi..eA by {joii:JJ...eb and. FMhmmi Aave -1/wlOn a 

c.oll.llR.,la;/i..on between vaAi..oll.4 pcvr.ame:i:.VUJ of ~c.o/.Je me:l:aboli..✓.xn 

and. :l:lie -10-called. bMi.c ✓-JympinrM of /.Jclu..~pfvz£ni.a. Th.e bMi.c 

-1ymp:l:.om/.J a/lR. ambi.val.ence, d.i.Ai:.wJJanc.e of affect., di.A:l:uAban.c.e of 

aMoci..aJ:wn and. Cll.di.An. No C.O/l./lR.,la;/i_on UXVJ pund. wUh. aCCe1/.JOIUj 

-1ymp:l:.onw /.Juch. M c.a;/:a;f:oni..a and pww.n.oi.a. ( 69) 

I Muli.n. L1 added :l:.o venoll.4 blood dAawn {Mm h.e.al..ifu;, pVUJoM 

61 
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and. P4!fdw:ti..Cd and :l:Ae rnixfwte. iA Ln.cul:Hded. ai:. 31°C pl/l .P mi..ru.d:£4. 

The vup}vzoq;;f-M aA.e :l:Aen 4epcvuded. and. h.emol!f~ and. :l:Ae ~ 

iA w.Jed. M an enp;;me 40li.d:,wn c.o~ /iexo✓.,e di.p/w4p/ude cv., 

a ✓.,u./;✓.,:l:Ard:£ and a rumbe11. of c.o fad:oM. Such. 4!f1::l:Errv.J a/le krwlln 

to fo1a11. Ln. :l:Ae pllRAence of enp;;me✓., ilti_plw-1plude /Mm :l:Ae added 

h.exo-1e d1..plw-1plude. If p!fAUva±e iA added i:o ,,1uch. a 4!f1:l:em, :!:lie 

:/:Ju.o,,1e-plw,,1plude deh.ydA1xJencv.,e ,,1iep of :l:Ae c,mlxl.en-ln€.!fvdwt ,,1ch.eme 

of <Jl!fc.ol!fdW iA exped:.ed. i:o opeNde. Accumi.J.a:ti..on ot an ew.ul!f 

fu,;r/Aollj~le pho,,1phoMU<l c.ompound M a llRAult o/ :l:Ae addi.i:on o/ 

p!fAUvai:.e UKv.1 iaken M an i.nd..ex o I :!:lie ;ud,e of :l:Ae <Jl!f coly:li_c ll2.a.ci:1.on. 

In Ln.cuba:ti..on 4!f1i:.etM c.onial.ni.ntj h.emolypde /Mm iMuli..n-:btea:l:Ed 

blood., iAeM. iA a comp<VUJ,fi-ve de/J-cLi. Ln. :l:Ae accumul..atwn of :l:AiA 

ea/.Ji.l!f lu;JM1!f¥J,ble pho,,1r}t~ compound. Some expvu.meni:al. 

ob4e/lJ/a:ti..oM 4eem i:o 4WJ<}e4i:. :l:Aai:. :l:Ae defi.cLi. iA due to an 

~ed. IUd:.e Of COMumpii..on at :l:Ae /21_,gA- enVlfJlJ pho,,1phoMll/.J 

compound ll0.i:Ae11. :l:Aan to a d.Ae.Med. ;ud,e of w fo11111Cd.Lon. Th.e 

e//eci:. ol iMuli.n. on :!:lie €11Xymatlc pMpvdl...e4 of :l:Ae ll2d. cel.1 

iA :l:AU<l ai:. :!:lie ceilul..a/l level.., ,,1Ln.ce :l:AiA i.4 :l:Ae /21_,gAe✓.,i:. level.. 

of bi.olo<Ji-cal. O/lf}GJU-~n p1ZEAeni:. i.n. :l:Ae blood i.n. vi..hto. Und.e11. 

:l:Ae c.ondUi.oM o I :!:lie expvwneni:, h.owe.vvi, :l:Ae aci:ual dei:.eci:1.on 

o/ enp;ma;!i-c ef/eci:. ol iMuli..n lLKv.1 found a(-tvi :l:Ae cel.14 hod been 

h.emoly~ ( 70) 

Th.e II cellula/l11 ef/eci:. o/ wuli.n. h.M been found i:o be ab,,1eni:. 

i.n. :l:Ae blood cel.14 o/ a VVUJ ,,1ub,,1i.anJ:i..o1 numbeA. o/ pai:i..en:l:J 

,,1ufte/U.Ilff /Mm :!:lie ,,1ch.i..'lVplut.e.ni..c ll2.a.ci:1.on. Th.e wi:. 9i-ve✓., qpU:.e. 

un.L{.o1a11. llRAuli:A Ln. a f..ai.Al..y. 10/li)-e h.eal!Ju,; c.onhtol gMUp of 

peMOM and. a MJtm.ai 1ZEApoMe CJMo i.n. :l:Ae CMe/.J of mo4i:. of :l:Ae 

pa:li..eni:✓.J ~,,1ed cluu..coJ.llJ M 4uf/e.lUJ19- /Mm P4!fch.i_cd:Ai..c 
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con.dilioM oi:h.vt. ih.an. ✓.u:hi..p;phA.eni.a. M well M i..n. di..abe:te✓.J and 

~iJ:iiAn. fJaih.ologi..cal wt. llR./.Jul.i:A <1/1£. obi:ai.n.ed clu..eµ!f 

wi.:f:lun i:h.e /.Jchi..p;pMR.ni..c llalUJe of di.myw/.Je✓.J but. /.Jame of i:h.e mo/.Ji 

cli.ni..cnl.1!f duvw.ci-.eJLi.Ai:J..c /.Jclu..p;pMR.ni..C/.J <JLve Mmzal llR./.Jul.i:A wUh. 

iAw wt.. (70) 

Th.e /.Jpeci..flc aci:J..vi_:b,; o/ adeM/.Ji..n.e :f.Ai..ph.o/.Jplud.e (AT'P) llKl/.1 

/.Jiudi..ed i..n. emp}vto~, i..n. ulu..ch. <jluco4e i.A mei:a.boli3-ed vi.a 

:bw cli..//ellR.fd ~: (!) b!f wa!f of i:h.e {,mlxien-/YJ<?Jfvrh.o/ /.Jch.eme, 

and ( 2) b!f 11X1.ff o I ih.e h.exo/.JemoM ph.o/.Jr}tai:e -1/um;t ( 11/rlS). &ih. o I 
t.h.e✓.Je ~ a11..e -1ch.emai:J..call!f llR.fll.e✓.Jen.;ted i..n. F'.uJ,. 3 on p<lf}e 65. 

It. can be -1een ih.a:t ih.e 6-ph.o-1ph.o<jlucon.a:le o/ i:h.e 11/fJS can eU:h.ell. 

llR.-en.;f_efl. ih.e {,mbden-1>1€1JeMo/ 4ch.eme oil. be convvd:.ed. :l:.o lli...Oo/.Je-/

pluMpJtai:e, a compound Med {nil. ih.e {nl1lrlaii..on o/ nucleop/lO:le.LriA 

and componen:f,,:j of enwne /.J!f-diem-1. Th.e f/lOpaJdiJJM of <jluco4e 

ui:1.l.J.-3-ed. {n1t. i:h.e plllXiu.cti..vn of lli...bo/.Je-1-ph.o/.Jph.ate and {n1t. ih.e 

plllXiu.cti..vn o I <?.J1RJllJ1I ( ATYJ) can be app/lOx.lJnatel..!f e✓.J:l:.i.mai.ed. by, 

i..n.cubafi..ru;;, <jluco4e l.abeled. Aadi.JJaci:J..vel!f i..n. i:h.e I and 6 pa-11.:ti..oM 

wUh. W/.Jue and th.en meMUIUJlJJ i:h.e l.abeled. Call.Don cli..oxide Jt.e/.Jult:i.Jv;;, 

pzom i:h.e ca:taboli.Am ol i:h.e <jluco/.Je mol.ecul..e. Wh.en <jluco4e i.A 

conveJli:R.d :l:.o lli...bo4e-l-ph.o/.Jph.a;te, onl!f i:h.e <:allbon l.abeled. i..n. ih.e 

I po4bli.on i.A {nund i..n. <:allbon cli..oxide. lh.w i.A i.l.lu✓.,i;;w;ted i..n. 

F i..g,. 4, on pat}e 66. Wh.en ih.e <jluco/.Je i.A caJ:abolL3ed. vi.a i:h.e 

anbden../fJey,vrh.o I pa;fluvw;, u can be /.Jeen (Aom ~ 4 ih.a;t boih. 

ih.e <:allboM l.abeled. i..n. ih.e I and 6 po4.Ui..on appea1t. i..n. i:h.e J pv/.JLti.on 

o I r;;J.!fcvzarl.eh.yde-}-ph.o/.J r)ud,e. TAM i..n. Gl11J f.wdh:ell. bll£flkkun 

boih. ih.e I and 6 l.abeled <:allboM wLli appea1t. M <:allbon dwxJ..de. 

7 h.ellR.{nllR. i:h.e anouni:. o / <:allbon cli..oxJ.de pwm i:h.e 6-1.abeled. Call.Oon 

f1Uv.ji ~ ih.e anouni:. o / caNJon dwxide fn111ned. {Aom ih.e 1-1.abeled. 



caAbon. To e./.Jii.maie :th.e amourd. ot <jl.u.c.o-1e c.onv~ i:o 1U..bo-1e

!-pho-1r)ude bi! me.GM ot i:Ae 11/nS, :th.e amourd. of ca/lbon di.oxi.d.e 

p>/ltned. {Aom :th.e 6-1.abel..ed. ca/lbon La -1ubhtacted. {Aom :th.e i:oi:.al 

amourd. of caA.lxm di.oxi.d.e (CO} p>ll,77.ed {Aom ca/Won l.abel..ed. in i:Ae 

I Po4Li:i.on. ( 7 I) 
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7 h.e. f.,m6den.-!r1e_yeNW I 5 dteme o / yl.ycol.!!4iA 

9n,co-ae- ! - fh.o-ar)ud.e 
J 

9n,co-ae-6-'Ph.o-arJiai:R. --- - <;luco-ae 

!nuci.o✓.Je-1, 6 ---- Ylll.lci.o/.Je~-'Ph.o-aphai:.e 
Oi..~-ar)ud.e 

J 
Oi..lujJMx.yace:wn.£ 'Ph.o-arJiate 

t 
yl.yc.eAOld.elu,;J.e-J-'Ph.o-arJiate 

t 
7 /U.CD.JUJox.yh-c Acid (TCA} 

To T(J. Cy,cl.e 
1 

I, 3-0J..ph.o-apo~!fCR.Nde Acei:J,jl-[oen.pjllle A 
t j 

J-'Pho-aph.o-yl.!f ~ 2-<J)h.o-arJw-<;il.!f ceAai.e ~ ?h.o-aph.o-f.,nol.-➔ t>!J-IU:LVa;/:,e 
P!flll.lvai:,e L 

Laci:ate 

TAe !lexo✓.Je-lY!onoph.o-ar)ud.e Sh.u.n:t 

yl.uco-ae --~ <;il..uco-ae-6-fh.o-aphai:.e-- 6-7h.o-aph.o-<;il..ucoru:de 

/ 7libo,ie-:;-7'/zo,ir)ud.e 

~ul.o-a e-5:-Cfh.o-ar)ud.e~ ~o/.Je-5- f>h.o-ar)ud.e 

To /IJ.,,_.,,Jw/ ,; J-f'hv,ir:J,w--Cµ_y~hepiul.o,ie-7-

5 dieme .. ~ 7'hv,ir)ud.e 
~ --- <1 · · F lll.lci.o-ae-6- fJAo✓.Jp/ud,e [mp}vw-ae-4-fJAo/.Jr)ud.e 

~] 



* OIi C· II~ OIi 

II i II 

C 
110 I OIi 

Folllna.:lion of (0 2 {Mm (<Vt.6on-Lahei.e.d (jl.uco,1e 

/l/rl5 

* o* o 
C C 
I OIi l 0/1 
C II C 

II I /I I II 
~ 110 C --+ 110 C 

IOI/ I . 10/I 

*CO2 

4 

(llj)H 
I 
C o 
t OIi 
C 

II I OIi 
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II s 
C 

II I 

II~/ 11r OIi 

111 11y 

II f 
** rfl _f)fO vz 3 

**c11p 

(jluco4e 

* = / COfi.bon 

** = 6 COfi.bon 

(II JI!{) 3 (II jl!O 5 

(jlucoe- 6-7'04 6-P/2o,1p/w-
<jl.ucorude 

~bulo,1e-

5-7V4 

cmbden.~1'71:vJw t Q 

* 11 ~ oro3 ~ o 
Cfl JJtO 3 C o C C 
I OIi II t I I 

C C C OIi ---; C OIi > c~o 
II I fl t ~ *I II 1. I 

'fl¥'{) ~~ *J* 
110 C · ~ 110 C ~ C ~· J CIIJJ'l03 Cll3 
l;JW ~ OIi ,\ 

II r II f vn j i J,f<iAfd_ ~~3 !JLp',.= T~vate 

C V C' II JJ70 3 r}wgly :fQ + 211 _f) 
fl I fl I r ce.Ml.d.elup.e A..,I 2 Z 

** Cfl JJro ;If* c11 JJro c-= o 
3 3 I 

** 

(jl.u co✓-1e-

6-YV 4 

Fm.£ci:o,1el, 6 
'fh.o,1p/w;l:.e 

Cllj)H 

DUupAOXIJ 
ace±one 

1P/2o,1ph.ai:.e OIIA'P 



T lW e~M uiu...ch. fwdh-vz. 4.i.m.pl..,L/J..e ih.e ARlail..oMhi.p ol ih.e 

CGA.Don di.oxide dvu..ved. {Mm ih.e f.,mbd.en-!ney.edw t ~ and. ih.e 

11/115 iA ih.e foliow.uu;: (7 I) 
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(<;luco/.Je} ((aA.Oon} ((aA.Oon) 

<;l.uco/.Je = 6( and. <; = C - C 
f.,mb. -lne.y. pat)wxi.y, 6-label.ed. 7?-1-rG 4 1-label.ed. 6-1.abel.ed. 

5:1:udi._e/.J made on :l:h.e blood o! 18 4chJ..~~Cd and. 2/ coni:Aol 

/.Jubjeci:A Jtevealed. ilud. befoJte i..Muli.n. addU.i..on moll£ 1U..bo/.Je -VJ 

being, pllOd.uc.R.d /Mm <fW-CO/.Je b!f :l:h.e 11£/.1:f:i.m; convwl /.JUbjeci :l:h.an 

blf :l:h.e llR./.J:li.n.g, ✓-,chi..~~c paiLeni:.. !Mului /.J:vte/.J/.J <:.au4ed. a 

4-0,ni-/J.-can:I:. d.Aop iJi :l:h.e IULi.e ot lll.COllfOAaii_on ol I-labeled caMon 

ol ;jluco/.Je i.n::lo (0 2 by blood prom :l:h.e con:/:Jwl /.Jubjeci:A, . bu± ✓-,uch. 

a d.Aop di.d. noi. ocauz. willi blood {.Mm ✓-,chJ..~~c paiLen.i:A. Th.t.M 

foll. :l:h.e coni:Aol ()IJOUp i..MulLn /.JVU!A✓., ~c.R.d ih.e amourd o I ;jluco/.Je 

g,ollllj i:h.llOugh. :l:h.e Aexo/.Je monor}w-'1ph.ate ✓-,/wn;t (ll!W/>5) bu± not. iJi :l:h.e 

✓-,chJ..~~CA. TAe iJv.juli.n,-✓-,VU!/.J/.J e//eci cliAappe.a.AR.d Uh.en blood 

ceilA {Mm :l:h.e 4chJ..~~c /.JUbjeci:A a/fect.ed ih.e meiabo..LL&n o/ 

chl..cken. VUjiJuw~ dL//vz.en:fl.y. :l:h.an di.d. :l:h.e pl.adma 0'J"l coni:Aol 

"1ubjeci:A. (7 I} 

(Mcken VUjiJuwq;:le/.J i.ncubat.ed. iJi :l:h.e pl.M17U1 {Mm ✓-,chJ..~~c 

4ubjecl1 h.ad i.oWVl. plJAllvai.e pllOduct.i.on and. /ti.J;h-vz. lact.at.e/ PIJAL'-V<l.ie 

Jlfdi..o4 :l:h.an i:h.o4e i.ricubat.ed. willi :l:h.e pl.Mma o / Ml1lflal. 4ubJedA. 

Thi,✓., 4W}9,e/.JZ1 :l:h.e pllR./.Jence o/ /.JOme i.nhi.bi.ii_on o/ aellObi.c 

met.abo..LL&n iJi ih.e pl.w.ma of "1chi.~p/vt.eni..CA. 1Re&d:&.J u:f.Lli..~ 

Ila:/:. diap'vzagm confiJ,med. ih.e above. TAe da:l:a 4ug;;J,e/.Ji. ::th.at a 

/acl:oll. i.ri pl.adma /Mm ✓-,du..~~c 4ubjecl1 i.rii.vz./Vl.e/.J willi 

-aome p/-uMe of hydno~en :l:AriMpold.. One ml. of cell.A i..ncubat.ed. wil:h. 
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ih.e p.l.Mma o / CLJrd:Aol. <)AOU(Y.J p/lOCW.ced. a mean, o / 5 I. 4 mCIJ o / 

pf!AUvaie peA MWl uiu.le on£. ml o/ c.elu.J i.n.cubai.ed i.n. 4chi_30~c 

4eAUm yi-eld.ed. a mean. of .J5. 0 mCIJ of pf!AUvaie pe1t MWl. Tli.i.A 1.4 

-<Ji.pu-/,Lcmd. al. ih.e I pe1t C£.Td l.evel. Th.e mean. {nil. i.ndi..vi.dual 

l.ad:.a:te/ p!fAUvaie Jl.O.ii..o4 U/(J/.J 4. 88 {nil. CLJrd:Aoi.✓.J and. 8. 65 {nil. 

4chJ..p;~C,(j. Tli.w ~o i.A 4W/U--{,Lcmd. al. ih.e I pe1t ceni: l.eve.l.. 

Th.e elevai.ed l.ad:.a:te/ pf!AUvaie JUJ:li..o4 i.ndi..cate ih.ai:. ano.vwbi..c 

metabol.iAm U/(J/.J mollR- p!l£d.orni.rum± i.n. ih.e 4chi_30~c rpoup. (72) 

Th.llR-e di.J/e1ten;l mei:lwdA Well£. UAed io i.Aol.aie ih.e {.acioll. pllR.,,(jen;l 

i.n. 4chi_30~c 4e.Jll.JJn uAlch. COJ.1/.jed an elevai.e.d. l.acta;te/ p!fAUvcde. 

llai:i..o: (I) 4 e~ n b!f ul.:i:Aa~n o / ,1 eJtUm iJd:o pll0i£.i.Ji 

and non-pllOiR.i.n. ptacf:i..oM, ( 2) eleci:Aoph.olUdi..c ✓.Je~n o/ 

/.JVl.llm pllOi:.e.i.N.J, and. ( J) f.wdAe1t 4e~n o/ ih.e ad:i..ve pw.d:i..on 

b!f CJJl.umn. dvtomat.o<Jll0-P1-!f- U/.Wll} LJcflt cellul.o4e. Wh.en d.ep I i.A 

U,1ed. abno/1/nfU value,1 UJe/l£. obi:ai..ne.d. {nil. ih.e pllOiR.i.n. pw.cti..on onl.!f

Wh.en. 4:1:.ep 2 i.A UAed., wi..i:A ih.e KaJU..eA. ln.i.ACJJ (wr.;lai_n clec:1:A.oph.o/U!./.),W, 

i:Ae. abno/1/nfU pw.d:i.on appeaM wi..ih. ih.e beta c;lobul.inA. {J)i.:fh. llR-/,utem.erd, 

ih.e pw.cf:i..on appeaM :lo be i.n. ih.e alph.a c;lobuli.n. pw.cf:i..on. B!f 

,1epcvudl.on wi..i:A CLJl.umn. dvzomat.o~ WJiJllJ Dcflt cellul.o,1e, 

ad:i..vi.iy. U/(J/.J (nunrl. i.n. pa.d:i..on I I I uiu..ch. AM rwi !lei been. id.en.ii..f.i-e.d.. 

Th.e {.acioJZ. AM a 4-4J-nl.-{,Lcmd e/leci on metabo.lwm M meMWl.eri. 

b!f l.ad:.a:te/ Pf!AUVa.1.e JUJ:li..o4 in. chi_ch.en. e.mph.;wq;i:.v.J and. ih.e ,1iJ..mulcdLon 

o/ en.VlfJ!f pJt.Oduci:i.on bff pll.CUlff c;luCLJ✓.Je ih.llOur;;Ji. ih.e cmbd.-e.n..frle.ye.Ah.o/ 

✓.Jch.em.e /lfdh_eJZ. th.an ih.llOug}t ih.e Jltrl5. Ii i.A A£l.a.ii..ve4J- 4iabl.e 

be:lween pJI 6-9 and al. 4°(. Ii maff be an al.ph.a c;lobuli..n Oil. a 

pll04ih.e:li..c gAOu.p aiiach.ed io an alph.a c;lobuli.n. Th.e 4-4J-n1-f,lcan.ce 

o/ :l:h.i..4 {.acioll. i.n. 4chi_30rJvt-en-i-a AM rwi been cl.cvu..f,Le.d.,- uh.eih.ell. il 

i_,1 i..nCJZ.eMed 6eCOJ.,v.je o/ ex.Ce,1/.Ji..ve plllXtUd:i..on Oil. fni-1.wze :lo be 
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meiabol.J..Jed o/l d.ei:o>{;,i_fl-ed_ i.A u.nknoun. (7 3) The hi£;h.M l.acta:l:.e/ 

py.tu-Lvai:.e llfdi.o an.cL tlte faU.wte i.n. tlte 4hi_f;t. {Mm tlte w.,e Of tlte 

/-1.abeled CGA.6on o/ <Jkc.o/.Je i:o tlte 6-1.abeled. ewt.bon o/ ~c.o/.Je 

wi..i:h. i.n.4ulLn /.J:l:AR.4/.J i.n. tlte /.Jchl..p;~c &.1.bj,ec;&., may /l£.pll2/.je.n;l 

an i..nlu.hi..i:i..on o I a Ju;d,ux; en :i:Amv.,pold enP,fl12e /.J~iem. T~ 

rnLgA:I:. .Ln.volve :th.e en-w,ie d.i..r)w4r}wp~e nucl.eoild.e (07W) 

uALch. i.A i..n:ti..rna.iefj- involved i.n. :th.e c.onvvt/.Jl.on of laci:.aie io 

p!fAUvai:.e i.n. :th.e {,,mbd.en-lneyvrlwf /.Jch.eme o/ meiabol.i.Am. (74} 

yl.uc.o/.Je meiabo.li.✓.m o/ llld b/laU1. fu4ue i.n. medlwn c.on:f.aiJiiJu; 

/.JVWin {Atxn nonrnal aa pwm 4chJ..p;~c pa:f:i_en:1:/.J /.JMwed :th.ai 

:th.e /0 4chJ..p;pM£.nl..c /.JeAa /.Jiurli.ed h.ad a ~/J-cmd i..nh.i..bUJ..on o/ 

~c.o/.Je meiaboli.&n. and. an.cL pruzii..c.ul.aAl.y o I c.onveMi.on io py.tu-Lvi..c 

acid., cv., c.o~ wUh. tlte /.JeM. o I /.Ji.x no;una,I. /.Jampl.e/.J. No 

d.i..//eMnce l/J(J/j noted beiween :th.e /.JeAa pwm rnal..e/.J and. female/.J 

wi.:1:h1.n :th.e /.Jame gAf)llf• (75) 

lPhen labeled gkc.o/.Je l/J(J/j i.n.j,ec:ted i.ni:Aavenoud.y .Ln.to nonrnal 

/.Jubj,ec;&., and (J/.J!fch.o:li.c meni:al paii..en:1:/.J li:. l/J(J/j found :th.ai aboui 

54% o / bll.aUl. CO2 l/J(J/j d.vu..ved {Mm <jl.uc.o/.Je i.n. :th.e noltl1111i. pVZAon 

and. J,/o i.n. tlte men:lal. paii..e.n;l. T~ Mp/le/.Jen:1:/.J a d.eC/l£04e o / 

<jl.uc.o4e tdi.1.)_3fdi..on of ovM one-:.1:hi.Ad. i.n. :th.e men:lal. paii..e.n;l. 

When py.tu-Lvai:.e-1-14C i.A i.n.j,eci:.ed. i.nhtavenoud.y (I. V.), :th.e nolllTl.aM 

ag,a1.n have a~ venoU/.J-~ (_A} d.LffeMnce of CO2 
dvu..ved /Mm, :th.e l.abeled p!JAUvai:.e d:h.an. i:h.e meni:al pa:f:i_en:1:/.J. 

Noltl1111i.4 4Mw a /2.u;JAM 4peci..f.Lc ac:ti..vi.kj of venow., bl.ood. l.aclate 

by abowd 8o% ulien OL-laclate-l-14C 1../.J i..nj,ec:ted bui ai i:lte end 

o/ 80 rni.nu:1:£/.J tlteM i.A VVUJ JJ..±tle d.i.fleMnce be.iween l.aci:.ate 

4peci../J-c ad:i..vi.kj i.n. t/te nolllTlaW and. menial pa:f:i_e.n;f_,,j. T~ /.Jtll}9,e/.Ji./.J 

:th.ai :th.e oxi..cl.a:twn of l.aclate l/J(J/j caNLi..ed on ai a A.educed lllde i.n. 

tlte bodg. of :th.e cluwnJ..c men.i:al paii..eni. ti/hen O-l.acii.c-!-14-{ 
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and. L-l.ac.i:i..c-1- 14( UJe/l£. i.njed:R.d. a:t di..ffellR.ld. i.rd:eltvaiA, i:h..e 

merd.al pcdi..en;:l:✓.J -1/wwe.d. a -1omeuiud. hi.gAM b/lfW?.. cain.bol.iAn o / 

ih.e 0-iAome.Jt th.an. du:/. ih.e no/1llUU4. In both. cywup-1 (jluc.cMe -1yrd:Av.u..3ed 

by ih.e body, {Mm i:h..e L-iAomM o / l.ad:i..c aci.d. had ~ ✓.;pecL/J-c 

acii..v¼, th.an. i:h..o-1e of ~w,1e pwm i:h..e 0-iAom~ Bl.ood. l.aci:aie 

and PYAUVcde d.e:/:.vunin.a;lLM wnf,um ih.a:t i.rt a {.a-1:1:1..ng, ,1f.a;te boi:h.. 

<VU?, added. i:o bl.ood. M i..:t l.eave-1 i:h..e bllai.n.. Lad:i..c aci.d. aAi:.elti..o

venoU-1 (A _V) di..//Vtence L1 0.1.17 mryo i.rt merd.al pcdi..<?Jd:A and. o. 55ng% 

i.rt nol11TlOM. <fJljAUvcde ~ O. 07 mryo i.rt p,1!fch.oii..CA and. O. o4 ~ i.rt 

nolllT1.CL-W. (omp<Mimeni:au~n i.rt i:h..e bMi.n, 1.rtcl.ud.e-1 mei:nbolu.m 

M well. M f-un.ctLon and. ih.e i:oi:al. pllt.Xi.uctlon o / ih.e✓.Je ✓.;ub✓.;:f:an.ee-1 

.ilvwugA c;l!fwl.~ excee.cl.1 i:h..e amouni:A ih.a:t <VU?, ox1..dL~ed b!f W<1JJ 

o / ih.e :W..ca/lboX.!JM--C aci.d. q;cl.e (T(/1). ( 76) 

Th.e Mk of pAo-1phollOU-1 -32 ( _327)) i.rl.OJA.fOmdion by. vu.Ji:h.llOCJJX-e-1 

of -1du. 30 p/2_;t£nJ..CA and. nollmal,,j i..n;/:o vOAi..oU-1 h.uJh- erte/UJ'f pho-1pha;te 

compowui6 AM a/Ao been. ✓.;:l:udi..ed.. V enoU-1 bl.ood. -1ampl.e-1 UJe/l£. h.epaAi.ni..-s,ed. 

and pl.aced i.rt a Oubno// me:l:.abol.i..c i.rta.t.ba:fivt.. cd ff( /-oil. 2J, 4o, 60, 

and. I 2J ~. T Aw u.tv., f-ol.l.owe.d. b'f cen:W..~n, ex±Aactlon, 

and ih.e bl.ood. nucl.eoii.de-1 UJeA.e ✓.1e~ Y<ewve/Uj o / ih.e adeni.n.e 

nucl.eoii.de llafl9-ed pwm 95-105°/o. Th.e ll£C£JVVUj of AT<t u.tv., i.rt A.a111Je 

of piJM oil. mi..ruv.J 2¾. Wi:lli ll£4peci. i:o i.nom;mu.c pho✓.1ph.ollOU-11 

h.exo✓.1e d.1..pho/Jpude, and adeno/.Jl..n.e di.ph.o/Jph.a:te (A/JP), no 4:f:.ai:Ljfi..cal/..y 

/J4,nl-/J-cani:, di..//Vten<:£/J UJe/l£. ap~ bei:ween. wniAolA and 

/Jdu.30pM£.ni_CA. In g,en.e.nal i:h..e i.nom;mu.c ph.o-1phollOU-1 i.rtCAeMed. 

i.rt all.. <J,IWUp-1 ~ i:h..e i.rtrubai:i._on pvu.-od., i:h..e h.exo-1e di..pho/Jpha;te 

~ OJM:/:.an;t, and A/JP J.evW /eJ.1. Af / 2J rnJ.n.ui:£A :f.h.e 

di..//Vtence i.rt adeno/Ji.rte :W..pho/Jpha;te (AT7>) be.:Jween. ih.e /.Jdu.30pvt£IU-c 

and non--1du.30p/2_;t£nJ..CA u.tv., 41..o_,ni../J-can:l. (rp l.e/.J/.J i:h..an O. (X) I). 

Tluvze u.tv., an mCA£a,1e i.rt /.Jdu.30pvt£IU-c ~~ of 7-2J rmiolA 
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o/ AT<p peA. /(X) ml. o/ /led c.eilA. (7 I) Ii:. /2.a,a been -1/wun i:h.at 

l..ac:i:a;te/ pf!AUvai.e Jtaii..o,1 i..n ~ q;;le.d i..ncu.bai:.ed wi.ih.. -1 du. 30 plvwu.c 

-1vwm ~e. llowevvz, -11..nce i.h.e -1:tE.~ in. i.h.e glycol..y:ti..c 

~ GAR- Jt£.Vell,,ji.bl..e i.i:. can be <VlfJJ-led i:h.at :f},_,e p1tOdudi..on 

o I ex.ce/J4 l..ad:ate. ll2£W.Ce.d :tAe pf!AUvai.e uALdt 1.-1 avai.labl..e /o1t 

poMi.bl..e pho-1phoJUJl.a:ti.on :M plw-1phoPlJALlvai.e and :lh,w in. iwui 

uvuJ.d. d.eC1t£Me i.h.e ~en;&.J /o1t Alf✓• (77) 

7 h.eJt£. UKW no -1~ diJ/eJt£.nce between :tAe iµ.uco-1e mei:aboLi.Mz 

of du.ck.en ~~ i.ncu.b<ded. in. i.h.e pl.a,ma of nomzal.4 and 

,1 du..30plvwu.C,j, ll.e.dpeci:i.velij-, ulien iµ.uco,1e-l- I 
1
'( , iµ.uco-1e-6-

11
'( 

a 1t iµ.uco-1e-lJ- I 4 ( weJt£. tdLli. p!d. 7 h.eJt£. welt£. al.Ao no dL/tVWtee.d 

i..n. tAe iµ.uco-1e-/ / iµ.uco-1e-6 Mi:J..o,1. In addUi..on :l:he adrni.nlA:l:Aa;luJn 

of i.Jv.Juli.n. :l:o nol1IllGi.. 01t -1clu..30plvz.eni..c -1ubjecb.J p1tOduced no 

-1i.gni.-fi-c.ard. di..//eJt£.nce in. ll.e.dpoMe between pf.a&na. i.ah.en be/oil£. 

i.Jv.Juli.n. injecti.on and. i:h.at /Wni)Ved af,i:.e.Jt ✓.JUdt injedi..on. 5 du..~ plwm,Lc 

pl.aAma. di..d. h.oweveA. have i.h.e e//ect o I d.eC1t£Mi.ruj 14 CO2 pllOd.udi..on 

pzom gluco,1e-lJ-
11'c and gluco-1e-6- 14c and i.h.eA2./o1te -1du..~plwm,Lc 

pf.a&na. Tnaff plllXi.uce a g,ene.Jtal. i.nhi.blii.on o/ :tAe T(j4 cycl.e. Sudt 

i.nhl..b.ui!.On o/ iµ.uco-1e ox.i..d.a:lLon coul.d <1/li.Ae vi.a a d.eC1t£Med ltaie 

o I :bumApoll.i o / iµ.uco-1e aCllOM i.h.e cdJ. memblUUl.e, pwm a -1wnul.cdi.on 

o/ compe:!:i.Ju; ~ /o1t <jkco-1e u:tJ.i..ga;l:1.on, -1udt a-1 glycog,en 

/.J~ Oil. l..aci:i.c acLd. pll0<1.ucti.on, pwm an i.nC1t£Med lllde. o/ 

endog,enoU-1 T(A cycl.e -1ub-1:1:Aa;:te pll0<1.udi.on O,fl a di..ll.ect e//eci:. on 

g).uco-1e c.ai:aboliATi. (77) 

No evi.d.ence of i..n.C1t£Med l..ac:i:a;te/ p!fAU-Vai:.e Aaii..o-1 11X1,,1 fi;und 

uh.en chi..cken ~~ weJt£. i.ncubai:.ed in. ,1chi..3opfuwu.c pl.aama 

uh.en compaAR,d. i.o coni:Ml-1. A1Ao no evi.d.ence UKW fi;und. :l:o i.ndJ..c.ai:e 

i:h.ai -1chi..30p/wm,Lc /.JeALl/n af/ecl-A :l:h.e me:l:nho.li.Am of gluco-1e by 

du.ck.en ~~ antJ- di.f/vten:ily, i.h.an /.J<?..IWm ptom nomui,l i.ndlv.i.cb.aLJ, 



Th.e da;ta indi..c.ai:R/.J ih.ai ih.e effeciA of human. ,1vuun on chJ..cken. 

Md ceUa VGA!f pttxn day in rim; and {Mm indi..vi.dual. in i..ndi..vi.dual. 

and {-ttom chJ..cken. in chJ..cken. (7B) 

Lt 6 been. ob,1vived. ih.ai i.n;tac:i. du..cken. ~ ~ 

demoMi.lu:d.e rw a€./liJbLc gl.y.col.yA,u.J• An an;li_bod'f 6 been. found. 

in ih.e blood of all ,1ubj-ec&.J hv.Jied., uiu..ch., in ih.e pll£/.Jen.ce of 

compl.emerd., 4:l1muJ.a.J:.e,1 a€./liJDi..c gl.ycol.yA,u.J o/ chJ..cken. ~Cij±e✓.J 

accornpani-ed. b!f pllOf]A2-/J/JLve 1.!f/J,u.J o / ih.e cell1. Ii 6 <JMo been. 

found. ih.ai: (I) l.ow concenhtafuM o I h.efJ<1fi1-n. pa;diallff i.nh1_bi_i 

i:h.e pl.OAna e//ec.:1:4, and h.epcvu.n. concen:l:Ardi..oM of 12-15 uni..1✓.J 

pell. ml.. compl.ei:.el.!f bl.ock ih.e acii..on o/ human. pl.Mm.a on chJ..cken. 

~Cij±e✓.J, (2) i.n;tac:i. chJ..cken. ~~ i.n. KllR.0,1-~e;z_ 

,101.ui:ion d1.d rwi !Me gl.uco/.Je oil. accumu1..a:l:.e 1.ac:1:1..c oil. plJAUvi..c 

aci..d.. llowevvi, u.Aen. human. pl.Mma oil. /.JVUJm llJa/.J added in i:h.e 

i.n.cubcdion mi.x:full.e, a€./liJOi..c g)..ycol.yAiA ocCJ.UtAR.d. u/teih.e;z_ oil. noi 

i:h.e cionoA llJa/.J ,1chJ.."30phAe.ni.,c. Th.e Aaie of aellObLc g)..y.col.f!A'--/.J 

llJa/.J cl.o,1el.y. coM£1.ated. w.Lih. ih.e amount of h.emog)..obi.n. A£i.eMed. 

dwu.ng, i:h.e i.n.cubcdion. ( p 1.e✓.J/.J th.an O. (X) I) A f:t,e;z_ Lncubaii.on i:h.e 

JUJii.o of 1.ad:a:l:e (<p l,e4,1 th.an O. 00/ ), and wLth. i:h.e h.emol.Y-4,u.J 

ocCil/Vt.UlfJ dwu.ng, i:h.e i.n.cubcdion, ('P 1.eM th.an O. {X)/} (79) 

Th.e llRl..a:tLondu..p bei:ween. ,1:btud:wwl ~ of chJ..cken. 

~~ and. ih..e Aaie of aellObLc g}..y.col.ff-4,u.J IJJClA i.lltMi:Aaied. 

D!f i:h.e {nll.owi..ng, pll0ced.ll.111!A: (I) 51.mpl.e mech.ani.,cal. fu1U1pii.on. of 

cellA i.n. ih.e ab,1en.ce o / /.JVlllm oil. pl.cv.ma induced ac/:i_ve glycol.~. 

( 2) OL/.J1U1pfun. of i:h.e ll.<?.d celi.A by hi..gh. pzegu.en.q; /.Jound. llRAul.ied. 

i.n. mo/l.e aci:1..ve gly.col.yAi.A th.an. d1.d fu1U1pi:ion. by. llD.pi.d. pzee~ 

i.n. ih.e ab,1ence o/ added nucl.eo:.tide✓.J. (3) Addlti.on. of ATP, 071V, 

and ni..co:l:i.Jtam1.d.e w.Lih. pzee~ and. :th.awuuJ exe.Ai:R.d. a/.J ~ a 

/.J:l1mul.ainll1J- e//ec:i. a/.J i:h.e /.Jound. i:AR.aimen;i:. di..d.. Th.e c.ell.uLa1t. l.o/.J/.J 

72 
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o/ poirv.J4i..um (l(f) b~ inmedudel.y upon mixing, human. 4eAllm 

wLi:h. du..ch.en ~ ~ ai ]7° 4ll1Jf}e✓.Ji4 iAai. th.e ini..i1..al 1<!/.Ji.on 

iA at :ih.e plcuma. memblllJfl.e. Saponi.n. C'.OJJ/.Je✓.J :ih.e {ol1llll1:ii..on o/ 

di.ACA.d.e plcv.ma memblllJfl.e l.e✓.u.oM and. l.~ :lo th.e loM ol poirv.;,,Ji..um 

i..oM, h.emol.yAiA and. ~y.col.!f4U) ~vely 4imi.l.OA f.o :ih.cd. 

i.ndu.ced by. adi.ve lwman.. 4e;um. Wh.en du.ch.en ~qple✓.J aA.e. 

added. :lo compl.emeni:.-i..nadi.vaied 4VlJ..lm, no poirv.J/.U.lllTI. 10441 

h.emo1Y-4i.A o/l. <;µ!fcol~ ocCLUVU?.d bu± aJ)-9,(u.i:i.na±i..on cLi.d. occwi. 

tVh.en ih.e✓.Je ag,tjl.u:iin.aied c.el1A aA.e. 11Xv.Jh.ed ,fAee of 4e.JU/m and. 

ei:Ju;l.ene-di..ami.ne-i.eiAan.ceii..c aci.d. (c07A) and ulien ~ piJ; 

complemeni:. iA added., h.emol.!j4i..4 and. ~!fcol.t,11i.A i..n. th.e p/l.e✓.Jence 

o/ gluco4e ocOJA. Compl.emeni:. hod. no e//ec.i. on ce1l1 uiu.ch. hod. 

noi p/l.evi..oud.!f been 4eMdi.~. Thi.✓., e//ec.i. iA ap[XVl2fl-fly due 

:lo a ~ea,ae puxn th.e f>Mieu/1. e//ec.i. and. iA :l:hw., a 11pe.;un-i.A4i..ve" 

A.el.ea,ae o/ <Jl.!fco1!f1i.A. T~ lwman.. p.l_Mma o/l. 4e.JU/m damag,e✓.J :ih.e 

cell memblllJfl.e o/ du..ch.en ~cy.ie✓.J and 4ub/.Jeqp.erd:ly caw.,e4 

i..n.C/l.e<J/.je.d. peAtneabi.l.J..h; f.o <Jl.uco/.Je. Ii ap~ ~el!f iAai. i.h.e✓.Je 

e/ /eciA aA.e due :lo :ih.e ll£.O.di.on o / a h.ei:tvwg,ene.:ti..c anii..g,en o / 

du.ch.en ~ blood cell pi.Mma memblllJfl.e wU1t an ard:i..bodJ; o / human. 

/.JeJlllln and compl.emeni:.. / h.e wiiu..buii..on O I :th.e ard:i..bod!f i..n. th.e 

popul~n o/ merdal.. paii..en:1:4 and con:!:.twl noJUnal. /.JubjeciA iA 

4ii.ll. und.e:hvtrni.ned. ( 80) 

Blood 4:1:udi..e✓.J don2 on a g,;wup v/ dvwni..cally il.1 male 

/.Jdu..30pMenl..C/.J raai..rd:ai.n.e.d. on a .OA dLei wi..th. rJ.aL4, p/2.;µi..cal. 

adi.vi..JJJ and wU:h.vu± medi..caii..on /1.e✓.Julied i..n. an avVlf1f)e lad.aie/ 

pyAU-vaie o/ II. 5. Thi.✓., IUdi.o l1Xl/.J 4el_ec.i.e.d. M an appMplli..aie 

value f.o 4epcvdae paii..eni:.4 i..nf.o a low /aci:a/l. and a /wJi /,aci:a1t 

<J,llOup /.Ji.nee all. o / th.e con:l:.twl /.Jubjec.i:4 h.ad. mean l.ad.aie/ pljAUvaie 

;w;/,w/.J below I I. 5. A ioi:al o/ I 17 ~ and. /.Ji..6~ ot aJ h.ujt 
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/ad.oil and 15 l.ow /adoA. pcdi-en.1:4 uJw Aad. laci:.cde/ pljAll-vaie 

Ardio/.J pVtfollmed. WVl£ aLkJ -1een p]ll. a p-1y.chJ..o.J:Ai..c eval.uai.i..on 

and UJe.1te (ji-ven :l:h.e /'rUnn.e1oi:a Mul.:li..~c <J)e.Moruili..i-.i; lnven:f.oAlJ 

(!rVrl<tl). {,levai:.ed. lada:l:.e/pljAll-vai:.e (L/'l) /lfdio,1 WVl£ pA.evi..oud.!J

/ound i:o a 41.gn)../!,Lcardl.y, ~ ex±ent in. ih.e pcvwdA and 

dbWIIJ4 Of ih.e h.irJA {n.doA. pa;li..en.1:4 th.an. in. ih.e ll£lcdLve-1 ol 

l.ow-fadoll. pcdLenf4. The pell cent of expec.i:miq;. o/- -1ch.i.goplvr.eru.a 

p]ll. ih..e i:oial fJMUP o/ pcvwdA and -1.i..blJ.m;4 .i../.J coM.i..4:1:ent wi:th. 

populai.i..on -11:udle-1 done weuiieA.e. llowevvr, ih.elle taM no ll£1ai.i..on

-1!u.p demoMi:Arded beJ:ween /.Jdu..goP'uz,e,ua in. ih.e /.Ji.JJ.Li.r1fj4 and 

h.irJA L/'f /l£LU.JJ/.J. Th.eA.e taM a :tend.enq;. /oil ih..e d..bl.ino/J o{- i:h.e 

l.ow-fadoll. pcdLen:1:✓.J i:o .dww mo/le /.Jdu..~plvr.eru.c and ,1du..,~i..d 

/.Jympi:omai:ol.o911 th.an. ih.e 4.i..bli..ntf of :l:h.e liuJi--/n-doll. pcdLe.niA. 

Th.e data .i..ndi...ca:1:£. 1h.a:t ei.evai.i..on ot ih..e L/7> JUdJ..o .i../.J only 

.i..ndi...llectly ~ i:o ih.e dinJ.,caL man.i..le/.Ji.a;;l.i..on ot /.Jdu..goplvr.eru.~ (8I) 

ln.i.M.celi.ul.all. enVlf}lj-pllOd.uci..n.g, mei:abol.i..c /.J!f/.Jf:envj WVl£ _ 

i.n.ve-1i:i.g,a.:l:Rd i.n. /0 convwl, 10 aade /.)clu..~p/vten.i..CA and 10 CMon.i..c 

-1clu..~rJvt..en.i..c pcdi-en:l:✓.J. ~ bMed. on ~.i..ve .i..n:le/U/.i..ew/.J 

UJe/1..e made o I 37 Mpec:i:./.J o /- pJWnO.llb.i..d l.i..fe and ecvtl.'J .i.n:bvlpeMonal. 

ll.ei.ai.i..oMh.Lp-1. l:t llKl/.J found that.. plW1lOllbi.d /.Joe.Lal .i../.Jol.cdLon and 

duni.nwlted. h.e±elw/.Jexual. d.Ai.ve UJe/l.e ~ i:o b.i..odtenu_caL 

abrwmiali.:.tLe-1. 5 evvzal a;l:;bzlbu:f:.e/.J o /- :l:h.e moth.Vt WVl£ ll£1a:ted. 

i:o b.i..odtemi.caL aDMJUnalli:.y,. llte/.Je o.;f;bw:;u:f:.e/.J weA£ coMiA:teni:. 

in. p.i..ei:u.ll.u-u; i:h.e moih.Vt of :l:h.e /.Jchl..gop/vten.i..c pcdLen:f:. M a /.JhLeldl.ng, 

pllOiecti..ve pell/.JOn ulw dul. rw:t al.low h.Vt /.Jon i:o expvu-ence ih.e 

ol1lU.J1.a/Uj 4:liJnuJ.ati..on and chalieng,e-1 o/- dulrDwod. (82) 

Animal /.Jtudi..e-1 o I- ih.e i..n.fkence of ih.e v~ ecvtl.y env.i..llOnmeni 

on /.JuD/.Jqp.enl:. devei.opnenl:. aLkJ .dWJCje/.J:f:. :l:h.ai:. a ceA.i:ai..n. amoun:l o/ 

4:1:imul.cdLon in. eaAi.y. li..te .i../.J n£Ce44GA1J /oil. :l:h.e pAOpVt rna:f.wzai:i.on 



o / :l:h.e e.JtVll)JJ- pllO<W.CUIIJ mei:aholi..c -1?14:i:.errw• TAe en.vwn mei:aboliA-n 

i..n. :th,w -1iud'I llKL1 M-1M4Ci b'I ~q;:te l.evew ot pll.e--1:VlR.,M 

M11 ( ad.en.o4i..n.e moMplw-1plud.e), and. {Aud.o-1e-l, 6-plw-1p'ud:.e 

-1peci../J-c acii..v.Lti.e-1, and. fai.J-wze :l:o cJuiro;;,e wU.:A -1:bze✓.M ol :l:h.e 

Alf- -1peci../J-c acii..v.Lti.e-1 wi.th. and. wU:lioui:.. i.J1Auun. (82) 

I nhlncell..ul.aA. enelllf'I plliXW.ci.ng, meiaholi..c -1?14::l-£1-M WVl£ 

i.n.ve-1i:1.lja;ted i.n. :fh.e ll.£d. cell befo11.e and. a/:f-vt i.nAuli.n. ,1i.;uv.J,1 i.n. 

/0 coni:Aol, /0 aCJ..de -1chJ..."ffe~C-1 and /0 dvzoni..c -1chJ..."ffe~e-1. 

FolioUJi.ruJ :th.e compi..et.e. cli.nJ..cal -11:ud.!f 28 ~ o/ -1y,np:l:om-1 
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and. coUMe o/ Llln.e-:M we.A.e made /o/l eadi 4UDjeci. (oMR.laiion 

coe/fl-ci..e.n;v.; weAR.. rumpwted bei:ween :l:h.e bi»diemi..cal and cli.ni..cal 

vG/11..abl.e-1 wii:h. :l:h.e {nilowi.J?JJ 11.e,1ul.:&.J: (I) l:t l1X14 found. :lncd :l:h.e 

p/U.JTla/tJJ -1ymp:l:orM tJJeJtR. duiecil..!f 11£.lai.ed. :l:o :th.e {.aU.wze o I mobi.ll~n 

a/.:f.etz. 4Vl£./J4 o/ :l:h.e compau.nd. {Aud.o-1e- l, 6-di..-plw4p/ud.e. ( 2) In 

CtJMAD/ji, -1econdwuj -1ympi:om-1 we.A.e Mi:. 4i..g.ni-fl-c.antl.'I ll£1.ai.ed. :l:o 

bi»diemi..cal vaAi.able-1. ( 3) 5 co11.e,1 iJldi..caii.ng a duzoni..c i.ll.ruv.i-1 

and. a poo/l ou:lcane ai. f.i;liow-up we/le f'.i>und. :l:o be di..11.edl!f A.e.i.a:.ted. 

:l:o WUJi:h.eA. VVllj i.mpolli:md -11.JMi:.ance i.n. :fh_w mei:aboli..c -1dieme,, 

MJJ). (83) 

Th.e e//eci of deep dep/U._vaiion on beAavi»Jt, ~ mo:l:o1t 

pvz./ollmafl.ce, and. bi»log)..cal e.neA1J1f i:AanA/eA. -1?14::l-£1-M llKL1 -1:wdi..ed. 

i..n. a -1i.fuJ).e -1u.6jeci uiw /l£lllOl.ned. CJJJXJRe wi.th.oui:.. cl.mu,µ /o1t 220 hoUM. 

BeAavi»JULl dumg,e-1 i.n.cluded. iJvrilabi.J.i-4, pa;zmw.i.d. ~ 

exp<JM,Lven.e-1-1, ~4i..ii,f, lujpnag,og)..c -1:lxde-1, vi./Jual. lwJk,ci.nai.wM, 

and. epiAodi..c IUJfJe• Oefl-ci..iA i..n. ~ and vi./Jual.-mo:l:o1t pvz/.o1UT1111l.ce 

ocCJ.1/l/lRJ1. CJJ,cli...call!f aCM4/J ~ of wakefu)..ne.,M wilh. r;ywd.ua1 

d~n., fhuill!f ll.MuJ.:tiJ'uJ i..n. viAiual. u.nie-1i:abi..LU4 on :l:h.e 

ni.n:fh. d.mJ. CnR.llfJ-'I Vl.aflAfeA. 4?f4i:.erM ll£.-1Pon.ded. :l:o deep depll,Lva:li..on 

M a /JVlR./J/J ~n wilh. a rna.M.ed. i..Ju:.lzea,je i.n. i:h.e -1peci../J-c 
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acii..vdi..e-1 o/ Alf,, .Ml~ and. {Aud.o-1e-l, 6-di..-ph.o-1phai.e uiu..ch. 

becane evid.en:I:. on i:h.e fnwdh. day.. 7<.adi..oacii..ve .Ln.rollfOll.tZi.,wn o / 
32p ll2.vealed. an .in.c.JWMed. .a~v.;i.A of Atl?. 7~ eme.Jll}en.Clj 

en.eAl)JJ mobili~n ber;,an :Iv /aJ.1 b!f i:h.e .oeveni:h. aw; uii.en. i:h.e 

.opeci../J-c acii..vi..:li.e-1 of all ih.e aderu;li_c plw.o~ fell appll£.ci..ably.. (B4} 

In a gAOUp of AnVU:.can Neg,;w mal.e-1 .o::l:udi..ed. th.ell£. UJa/.J rw 

4UJiU-/J-can,;l di..f/ e/lE.nce .i.n i:h.e pll£.val.en.ce of g)_uro.oe-6-plw/Jphai.e 

d.e/up.Mg,e.n.ade (r;-6- 'FO) d.ef.Lci..en.CJJ be:l:ween. /Jchi..~r:Jvwu-c✓., a.a a 

<jAOup and a ron;;bwl popul.aiwn. No .o.i..gJii-/J-cmd di../ /e/lE.nee-1 .i.n i:h.e 

021P-enq; of <;-6-ro d.efi-ci..enCJJ Well£. fnund. .Ln. VCVU..Oll.4 /JUD~ 

of ,1chi..~rJuwu-a and i:h.e ron:btol c;JAOUP• No ~/J-can,;l di..//e.JWtee-1 
IJJVlR. rw:l:R.d. .i.n i:h.e 60/.U..c -1flllp:l:aM of /Jchl..~rJuwu-a be:l:ween ih.e 

✓.Jchl..~plvwu..c✓., wU:l,_ <;-6-'PO d.e/J-ci..enCJJ and i:h.o/.Je uiiU-houi:. i..:t 

CJmOnrf i:h.e /.J chi..~ plvwu..c✓.,. ( 69) 

q,fu.co✓.Je-6-plw/JrJiai.e d.e/up.Mg,enaAe iA an en-wn,e fnwu:L i..n. 

vupivw~. Thi.A enPcflle c.ataly3e-1 i:h.e oxi..da:ii..on of r;luro/.Je-

6-ptw4plude. :Iv 6-plw4ph.or;k,rorwladone, i:h.~!f llziuCllllJ 

iAi-r}w4plwptptldi.ne nucleotide (77W). Th.e llziuced. T7W (T7WII) 

iA th.en uiil.J..3ed. ex::l..€.fv.j-lvel.!f .i.n i:h.e me:l:aboli.&n o / i:h.e vup}vw qJk 

M a lujd.Aog,en. d.orwl'l. Wh.e.n. a d.e/J-ci..enCJJ o I i:h.w en-wn,e iA p/lE./.Jerd:., 

th.ell£. iA a d.e/J-ci..enCJJ of TfNII and i:h.e.Afall2. a d.e/J-ci..enCJJ o I 
llziuc:lwn po::/:.en;:l:,i_a. Th.e. exev.J/J-lve oxi..da:ii..on of cell me.i:aboli.An 

wJ..ilwui:. CJJnCJJrni..:J:an;I:, llziuc.ii..vn le.adA :Iv vupivwqp:.e h.emol~. 

Th.e de/J-ci..enCJJ of <;-6-WJ iA i:AaMmi.iled b!f a -1ex-1Lnh.ed. g,en.e of 
...,.,,-,;,./ . (64) ,.A.U~ eorru..nan.ce. 
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Toxi..cU.J; o I 5 du.. 3') ph.;teni..c F l..ui..cM 

5 elUl!ll. o I /.J chi..3J) plvieni..e1 and h..eal.:tfUJ ,1u6j,ec:l:✓.J UKUJ Med W-i 

a cu1:l.wz,e mecwi {oil. a ,1huii.Ji o / l celM dvu..ved. pzom i:h.e ✓,jUbc.u.ianeoM 

W/.Jue o I a MJUn.01. C jl moMe. Th.e ,1:btai.n. h.ad bee.n. made rna1i..g,n.an±. 

b!I- hl£a:lmeni wi.i:lt 20-meiJu;l-dwl.ard:lvwte. A ,1:1:AaiJt o/ fief.a c.ell1 

/Mm epi..dvunoi.d c.a/lCUWrna of i:h.e C£/U/ix u±vu.. UK1/.J aMo Med. M 

a cul.i:wle medi...a. Th.e blood. /.Jell.a o/ 80 ,1chJ..3JJpMEni..e1 ,1/2.owed. all 

de_g,;tee4 of ioxi..ci_;a; on :th.e ,1htai.n, of l celw. 5eveni:J;- /oUll. 

pell. cent of i:h_e4e ,aanpl.e4 UJe/l£. ioxi..c :to a deg,;iee ]+ - 4"!_ and 

25% UJe/l£. Mi ioxi..c oil. UJe/lR. ioxi..c :to a deg,;zee o I I+ - 2+. C ~ 
UJe/lR. llai.ed. M I+ uiz.e.n. i:.h.ellR. UJe/lR. onl.'J a f.ew de.g,e.n.eJUJJ:i.Ju; celM 

i..n. i:h.e ad.i:wze, M 2:! uJie.n. i:h.ellR. UJe/lR. pfl2li.o~ h.eal.:tlUJ c.ell-:J, 

M ]+ ufi.e.n. i:h.ellR. UJe/l£. moll.e deg,e.n.eJUJJ:i.Ju; than h.eal.:tfUJ celw, and 

M 4+ uiz.e.n. all bui:. a /w ,1c.a;l:;w-w;/_ celM UJe/lR. dead. Of i:.h.e ;!/ 

h.eal.:tfUJ cord:Aol. ,1vza, onl!f- lrtlo UJe/lR. ioxi..c :to a de.g,;ree o I ]+ 

:to 4+ and 9rtlo W€./lR. Mi ioxi..c ai:. all oil. only, :to d<?.lj,ll.ee I+ :to 2+. 

flela celM W€./lR. dwc.onii..n.ued. beC<J.JMe M effect of i:h.e /.Jell.a 

c.ould be found on :th.em. flea:!:i.n.g, o,1- i:h.e ioxi..c blood. /.JeJta :to 

~ /o/l. 35 ~ ll.e4uli:.ed in compl.ei:.e de:toxi../.J-crdi.on. (85) 

lnhuzpe;u-1:one.al. i_n,jeclwn of blood pl.cv.ma. {!Mm a rnapllilJ; 

o/.J .t1chi..3JJph.;teni..c and oi:h.M /.Jeven.el.y, p,11Jdw:li..c pa:li..en;l,J in.:to 

JU:d:/.J pllJXiuced. a /.Jynd.Mme ll.e/.JemDl.i_ng,, bui:. Mi i.derdi..cal., wLtA 

i:h.ai:. pllJXiuced. by i.njecti..on of l50. Th.e clunbing, i:.une (CT) of 

:1:Aauted. MM lttz4 mewJlVl2.d be{oll.e and. a(hvc. i:h.e iJLj,eclwn of 

h.epcvu.n.L3-ed. p,lo.4na,· i:h.e c.onhto~ ll.ecei..ved. ,1ali.ne and. h.epcvu.n. 

,Th.e ovvuill avella9-e effew of p,11Jdwii..c pl.cv.ma. lttz4 677 /.Jec.oruiA 

M c.ornpcvz.ed. t11ltli 100 and 133 /.Jec.ond.4 /o/l. i:h.e p~c.ri14, Lil 

and M/tlllrU gAOUp-1, ll.e4pedLve4J. Th.e me.cLi..a.M W€./lR. 374, 88, and. 



( 

78 

96 -1econdA !tRApecii..vely.. Of :fh.e 80 p✓-1!fch.o:l:i..c ,1amp,le/.J, 68 o/l. 

85¼ hod value/.> above :fh.e medi.mi pJ/l. no/Ul.CLW uh.i.l.e 94% of :fh.e 

-1pecimeJW /Mm :fh.e ~i..c.al4f w. ~ and. 91% o/ :fh.e no~ 

uxvie below :fh.e medi.an. p1t ~ych.o:1:i..e1. Awo 85¼ of ~ydw:l:i..c 

-1ampl.e/.J and 94% of :fh.e -1pecimeJW pwm :fh.e ~i..cally w. (j<l-Ve 

a l.owell. value :th.an. :fh.e ~ych.o:l:i..c me.an. (rp l.e/.J/.J :th.an. o.rxJ/) (86) 

131.ood p,lC1411a and p,lMma p;wi:eLn. {.ad:.oM pwm nonp✓-1ydw:1:i..c 
-1u6jec:lo and {Mm aa.de and clvwni.c p-1ydw:ti..c i.n.C/l£a/.Je i:Ae 

cli.mhi.ng, ii.me (er) 0 I :uuu.n_ed JUIDJ, bui:. d.o,;u..µCOldl!f ~ 

eff.ec:lo we.Jl£. pALXiuce.d. b!f -1ampl.e/.J pwm :fh.e p/.J!fdw:li..c population. 

No di..//~ ef/ecv.; tJJeA£ no1-ed uh.en.. /.JeJUJm ,1amp,le/.J we.Jl£. UAe.d.. 

fl.aAma gkbului pto.di..oM pAJXiuced _:fh.e ~i e//ew pe11. uni.± 

of pMi:eLn. and l.e/.J-1 acii..vi:1:J; tJXM noied i.n. o:fh.e11. pto.di..oM. Th.e 

acii..ve p!U..ILci..p,le may Mi be a pM~ bui:. Mi:Avi, a mzaJ.l 

molecule ai:tach.ed :w pM:tei.M. Smee er ch.mu;e/.J ~ af,:bvt. 

i.nj,edi..on o I :fh.e pto.cii..oM i..:t i../.J ll£.<Moned :th.ai in. :fluA -1ho/ll:. a 

ii.me a pM:l:.ei.n. W:J.ui.d. Mi be VlailApode.d. aCll04/.J :fh.e bl.ood-bJtaJ..n. 

bcvvli...e1to ( 8"/) 

7 W:J WU.Jl.e exht.a.c:lo dvu..ved /Mm a <)AOup of aa.de /.J ch.i..:p; ph.;wile1 

and {Mm a gMUp o / M/llllal -1ubjec:l1 W<Vt£ i.rijec.:ted. i.nto edh.e11. :fh.e 

ci.A:wm.a rnol)N1 O/l. :fh.e laivwl.. ven:1:Ai...cl.e/.J o / monh.ey,,a and c.a:/:4 and 

:l:heut e//ec:&., on :fh.e an.i.InalA 1 behavi..o/l. and CCY WVl£. no:ted. 

Th.e ✓-ich.i.:p;pMR.ni.c ex.bad CflJ,v.jed a moA£ pMMunced ll£lilldi..on 

in. ✓-ipon:l.aMoUA acii..vi:1:J; and M affecti.onrde 1J£ApoMe l1X14 ob:tai.ned 

even.. uh.en.. :fh.e animal tJXM CO/l2,1/.Jed. In monh.ey,,a bo:fh. exht.a.d:✓., 

CflJ,v.je.d. a rruvtked cbcilli:ij, wl:l:A /.JUJ-'U-P-c.an:t Mdn.cii..on in. emo:ti..on.al 

colollllllJ of :l:heut behavi..o/l.o Th.e det;JAR-e o/ :fluA ch.ang,e llX1A moA£ 

pMMunced pl.lolOUlJJ :fh.e ✓-ich.L~ph.;wilc exht.a.cl.. Th.e ,1ch.i_~ph.;wilc 

exhac:t bMwli,t aboui:. a vaAi..e:fJ; of lUUI/.Jual. behavi..ollGl ~, 



llaJ1JfU1lf {Aom MIJe -1:fa.:l:.f!A i..n. (Lve otd o/ i:.en. cai:A, aui:oma::lu.m

.li..k.e ,1i.a:f:.e,j i..n i:lutee otd o/ i:.en. cai:A, in ll£CLVl.lll!fli -1:!:upoMU/.J 

and. c.a:tai.e.p4!f-.li..k.e epi..Aod.M i..n. one ou.:l. o/ i:.en. cai:A and (Lve 

ou.:l. o/ i:.en. monkeu4. No CIJU.JTllli., a{;tvt 1.n,jedi.on o/ ih.e nonmal 

exiAaci:., ,1h.owed. i:h.w U/Ul,,1ual. beAavi.oA., excepi:. ~ll. a bllLe/ 

-1:lupoMUA epi..Aode i..n one monkey,. (8B} 

[lecbwen.ceph.ak~ ( ff.,<;) ll£mmied. i..n ,1ome ani.mal.-1 

ihAowji impl_arded. mdi..cal elecbwd.M and al.Ao {Mm -acalp 

elecbwd.M ll£vealed. no ,14,ni-(Lcmi± abno~ aj!:hvt. i.n,jedi.on 

o/ no/llnal exiAad. Af,:te.;i ih.e ,1ch.J...~p/vt,enJ..c exiAaci. i.njedi.on 

ih.ell£ llXL1 a pJt.ed.omi.nan.ce o/ 2-5 q;cle,,1-~-,1emnd. (CPS} dow

lltZVM i..n bach.gAOund. acii...vil.J,J-. fYaM~ hi..tyi-vol.t:ar;e ,1haA.p

l1XlVe-and. ,1pi..k.e di.Ac.h.aAg,e,1 occwvii.ng, ai i:EmpoM-ocdpU.al ll2fj,WM 

1/JVte M4ocud.ed wLtlt ifte ~-file be/2.avi.oll. i..n. :aw cai:A. 

IJ/hi.l.e ih.e mwnal. 1 ,1 ey,e,1 1/JVte kepi:. wi.del!f open. ~ ih.e 

41.upoMUA e.pv.>od.M, ih.e [/,y pteqflen.i:l!f ,1/wwed. h,u;Jt voi.t:ar;e-,1low 

llXlve ,1pi.ndle-bwwi:. ac:ti.vli1J- bLl.ai:.e.ttail!f- In 4ome epwod.M ih.e 

{& ,1/wwed. a low-vol.t:ar;e-~i.. 11aMU/.Jal pai:±vm-" d.Mpi..i:R. ih.e fact. 

ih.a:I:. ih.e ani.mal.A ll£lnaU1.ed. UJVlJVJp<JMi.ve. Th.e mec/2.an.u.JrM uiu..dt 

ih.e p/l£4en;l behavi.oMl. and {& ~ ma!!- ll£µect. all£ ih.a:I:. 

ih.e du..nen.ceph.alon 1.4 a pool ird.o uiu..dt a//e.;r.en;t impuUM o/ 

all ~ o I mod.ali..ii.M en:i:EA,· ih.e ~a and. pediap-1 al.Ao 

oih.e.;i pciAi:✓.J o / ihe du..nenceph.alon ad:. M a rnod.ul.ai.oll. o I conplex 

me~ ~ed. i.n :i:he ceni:Aal. CLJll.e o/ ,1ubmldi..cal 

,1:bw.c:b..vte/.J ~ {Mm ih.e ,1epium ihAough. ih.e fu;poih.al.GITIU/.J 

i.nio ih.e bJUJi..n ,11:£m ietj,nen:l:um. ( 88) 

Fi./,ieen non-p,1y,dwi1.c voluni:.eeM, i:lutee ,1ch.i_~pfut.enJ..e1 i..n. 

llRJIU.A4i.on, and :aw oil-tell. non-p4!fdwi1.c voluni.eeM 1/JVte <Ji-ven. 

I . V. ih.e amoun± of :l:.cvwxei..n ulu...ch. had been exhw.ci.ed. {Mm 
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4oo ml.. o I ,0 c/u._~p/vteru,c ,0vwm. T a/lOX.Wl. 1./.J an. uni..d.enii..fi-ed. 

pllO:l:.ei.n. uh.Leh. h.rv.J been found only 1n ih.e 4eAJ.Un of ,ac/u._~pMeni..CA. 

All.. expvti.men:61 WVt£. done cv., a double b.lind /J:tud.i; wLt1t ,0evvwl 

di.//e.JlR.IL;/; coniAol /Jub,0i:an.ceA bei.nfj 1.1/jed.. Th.e /Jub-jeci:A i.n-jed:.ecL 

wLt1t i.alwxei.n. all. devel.oped. /J!172pi:orM of /Jc/u._50p/vte.ni..a. 'PIU.JTl.aA!f 

✓.1!172p:l:oin✓.J appewz.ed. coM-i..4i.en:tl.y: blocking, anJ. ih.oUl)hl:. depJU..vaii.on 

devel.oped.. All.. WVt£. au.i.u.Jii..c anJ. compained. of depvv.,onali..pzi.i.i:m. 

Th.€.!f appewz.ed. da3-ed anJ. demoMhzated. di.mi.n.wh.ed con:w.d:. wLth. 

ih.ei.A envi.Aonmeni. Th.e/Je /J!f'lpi:orM wvz.e ih.e mo,0i. coMiAieni and 

devel.oped. even wLt1t :tAe admin.i.Ai:A.aii..on of i.alwxei.n. uh.Leh. h.ad 

✓.,Jwll,f1. only mi..ni.ma1 ac.ii..vq by OJUJn01. w.MG.ff-- each. of ih.e cl.cv.,dcal. 

/JecondaJu; /J!172p:fom,,j appewz.ed. i.n one o/l. mo/l.e o I ih.e rut ,0ub-jeci:A: 

caiaionJ..c /Ji:upo/l. and excL:f.2rnerd, h.ebeplvwu.a, /l.efe/l£J'di..al i..d.ecv.,, 

dei.w.u.oM o / ~euA. and pvv.,eCLd-..wn, and aud.i..1:ollJJ h.ali.uci.na:ti.nM. 

None of ih.e i.e/Ji. <ywup dwpl.mJed. ih.e v~ lwl.l.uci.na:ti.nM O/l. 

,ah.owed. ~e/J i.n ih.e auJ:on.ani...c ne/l.voWJ 4!f1i.em tJud G/l£. duvuzci:.eJU..4:ti..c 

of ih.e LSD A£adi.on. Th.e -1ch.i..~plvteni.,C/.J i.n ll.enU./.UU.On h.ad mo/l.e 

,0econda.JVJ /J!172pi:o,M 4ugtJe4:f:i.nt; ih.ai ih.€.!f uxvte. mo/l.e ,0e.rwdi..ve. 

Tlu..4 4Ub,0i:an.ce, i.alwxeLn, i.A p/l.e/Jeni in. 4eAUm and i.A noi. a plltXftl.d:. 

ac.ii..vaied. ih.llOwJt ih.e pllOceA&..rl[f pllOced.wt.e. Th.o/Ul~e ( chl.oApllOmap.ne) 

doe/J not ad:. on i.alwxei.n. i.n ih.e ,0eJU.JJn. (89) NeLth.e/l. ih.e 

i.Aolaii..on of i.alwxei.n. no/l. ih.e effeciA /l.e/Juf.;/:,u,_g, /Mm w 
.i.rd:AavenoWJ in.Jedi.on have been conf.i..APu?.d.. ( 90 

f lCl/JfTla f.acl:o/l. i:1.:1:.eM WVl.e in.ve/Ji:J..J;Jcded.. in rJuJdc.all.!f- Lil 

pV1AoM di..agno,0ed cv., h.avi..nJ;J one of ih.e fa,l/.owi..ruJ J.JJ.r1£,Me/J: 

(I) i.u.be/l.cul.o41A, ( 2) <:.aA.Ci.n.oma, ( J) ch.llOnJ..c h.o/Jpi.i:alL~n, and 

(4} po,0i.-opvu:di.ve paf.i_en.:l:A. f>-1!/ ch.oii..c /l.eCen:1:1.!f di..agno-1ed. and 

ch.llOni..c ,0c/u._gPp/vteru,<Y.J /2o,0pi.i:alL3-ed. fo/l. -1eve./l1U. y.e.aN.J o/l. mo/l.e 

weAe aMo i.ncl.ud.ed.. Th.e !lli..n:wr.-Floi:akvt /l1li llOpe climhi.ng, ie/J:ld 

W€/l£ WJed f.o/l. bi.ocv.,/Jay-. 1//ilh. i.A modi-{1-ed. pllOced.wte. ih.e fJJ'l.al 
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/J.9wt.e /l.efllfv.Jeru:/.J only ih.e i.n.C/l£.a/.Je in. climbing, :lune d.el.w; d.u.e io 

i.nj.eci:R.d -1ub-1ian.ce-1. Th.e h.o-1pi.-i:allpzd paii..en:f✓.J w.Ulwui. p-1!fch.o:li..c 

c.omplLca:l:i.oM h.ad an. i.n,CJtea/.)e in cwnbi.Jv;, :lune of I J/o uiu_ch_ 

atyt-ee-1 wU:A ih.e r(la mCJtea/.)e ll2.polli.ed. i.n. an.oih.Vt -1:fur4,. 5du..p;ph.ll2.nlc 

pl.<14na exi:Aac:t pAOCl.uced. 81% ~Vt climbing, :lune tlum ih.e c.oni:Aol. 

(r ~ o. 02) 7/u.tA ~{Lcan;tly, el.evcded. plMl7Ul /ac:l.o1t iLteM 

appeaA. io be a-1-1oci..ated. only, uilh. ih.e -1du..p;ph.ll2.nlc popul.aii.on. (9 I) 

7?ec.R.ni d.aia. fai.led. io -1uppold. pll2.vi..oU-1 ~ o/ el.eva:i.ed. 

519 maCAOg)_obuliJ-w oil. 0th.Vt -1tbzum pMi:.ei.n abno;una)j_j;j_e-1 i.n 

-1du.."3'Jp/2.ll2.nlc paii..en:f✓.J . Th.e -1du..p;ph.ll2.nlc /e.male-1 M c.omf><JA£d 

io -1du..~ph.ll2.nlc male-1 h.ad ma.M.edly h.u;Jh. 519 maCAOglobuli..n. levw 

and. -11.i..gMy loUJell. 54 l..evw, h.owevVt. tJ/.Wll} ih.e PIW.7> and. 8765 

M meMWtemenhJ o/ i:h.e -1eve.JLL:1:y of i.l.1.n.e-1-1, no evi..d..en.ce o/ a 

<Je.n.ui.n.e ll.el.aii.oMh.i..p beiween. ih.e -1eveAi..:f:J; of ei..lJ.ne-1-1 and -1e.llUJTI 

maCAOg)_obuli..n. l.evw l.lKUl f.oun.d.. Ch.mu;e-1 i.n 519 l.evw i.n -1du..p;ph.ll2.nle1 

beaA. no ll.el.aii.oMh.i..p io ch.arig,e-1 i.n ~y,di.i..ai:Ai..c c.ondU:i.oM. (92) 

71A-1ue-1 pwm -1peci..{Lc bllai.n. ll£Lji.oM v/ 14 5du..p;ph.ll2.nlc 

pai:1..en;&.; and 19 non--1du..p;p/lRJli...c paii..e.n;f,,j well£. -1:i:udi.ed. by 

/J.uollfv.Jc.R.ni an:fJ..bod.y. i:.echn.i..qpe-1. In vi..vo an:iJ..bod.y l.lKl/.1 d.emoMi:Aai:.ed 

in. newwl.. c.eli. nucl.ei.. o I p1UJ1.ci..pall.y. v / ih.e -1ep:l:.al. ll£LJi.on and. 

ba✓.,al. c.aud.a;te nucl.eu-1 and., l_e-1,1 pMmin..enil!J-, in. 0th.Vt fu-1ue-1 o / 

ih.e blllU.fl,1 of I 2 v/ ih.e 14 -1du..p;ph.ll2.nle1. No an:fJ..boc4J l.lKl/.1 d.ei:.eci:R.d 

i.n. :ILMUe-1 a/ non--1 du.. p; p/2.ll2.nlc c.oni:Aol paii..e.n:&.J. T h.e ll2.adwn o / 

-1du..p;p/ut.en]_c fu-1Ue-1 uilh. nol1JTIO,l -1e.JUJ. bef.oll£. i..ndiAec:t w:li..ruj 

uilh. ih.e w.,e of {kollfv.Jc.R.ni-:lag,<Jed. cm:lUuunan. g,anma globulin 

(F7Al-lw) -1h.owed. d.m..i.la1t. Oil. dJ..g},.:Uy le-1-1 ~1t.e-1cen.ce uiten. 

-1omf><JA£d uilh. fu-1ue-1 ih.a:i. well£. n.oi:. ll2.ac:l:.ed. uilh. ih.e -1e.JUJ. 6ef.o1te 

cu:/di_iLon of FTA/19'}- Bllai.n. fu-1ue-1 pzom non--1du..30p/vieni..c -1ubj.e..c:IA 
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i:lud. UJe/l£ 1tead2d wi..:l:A noltJTla,{ 4vza and th.en. 4:f:.auie.d. did. noi 

/J.i.w/l£/.Jce ai. all, i..ndi..~ i:lud. no/tlflCLl. 4vza did noi cord:.aui 

an;li,bod.!f ~:t bJWi.n.. lj?ead:i..on o / fu4u,e4 wi..:l:A :l:Ae /.JVla of 

-1du...30plvwu..c pafi..eni:A be/oil£ 4:1:.ai..n,i_ng, uzU:A F7 Allw COJ.L1e.d. noi:abl!f 

bllli)Afe;z, µuo/l£/.Jcen.ce in. ;/:i,,Mue4 of 4du..."30pfvz.en1.,c paii..eni:A and 

mi.ni.mal. µuo/l£/.Jcen.ce o/ ne.u.tllJ). celL nuclei.. o/ /.Jome non--1chi..30p/vz.eni._c 

pa;tlerd:A. Th<v.Je ob4VlYaii..oM i.ndi..caie i:lud. 4ch.L30p/vz.eni._c 4€/UOTL 

con:l.ai.Iv.J anJ:j_body, ~:t bllllin.. Toi.al oil. pMnounce.d. i.nJu.bi.±1..on 

o/ /J.i.wll.e/.Jcen.ce aµell. addi..1:on o/ 4du.._30p/vz.eni._c -1vwm and. w-d:.atJrr9-e.d. 

an:liJwman ~ globui.i_n be/oil£ 4:1:.ai..n,i_ng, wi..:l:A F7Allw mli..caiR.d a 

-1ped/J-c anti.tjen.-an;lLbody, Madi.on. ~ea.di.on o/ fu4ue/.J wi..ilt tAe 

/.JVla o/ paii..en.:l1 wU:h. ceAi:.aJ.n. o:th.ell. clu.Jea.4e4, pll.Lndpali!f 

4yd:Rmlc l.u.pw.J Vl1Jffienu:do4!f-4, be/oil£ 4:1:.ai..n,i_ng, wi..ilt I- lA-llw 

i.rd:.en,,1i../J-e.d. /J.i.w/l£/.Jcen.ce o/ neJ.JAOl celJ.. nuclei.. {.Mm all b1UW1.. 

~M M well. M {.Mm o:l:Af!.ll. o~, e4pedall.!f in. fu4u<v.J o/ 

4 du.30 p/vz.eni._c and non-4 chi..30 p/vz.eni._c 4ubjed:A. The ani.i:.body, in. 

lu.pu,-1 4Vla and. in. 4Vla of pafi..en.i/.J wi..ih.. cvd:.ai.n. oi:h.vz. dJ..4ea.4e4 

di.//ell.e.d. noi:ably (Aom i:lud. in. 4du.._30pfvz.en1.,c ,1vza. (93) 

V WU.OM /.JVlllln pw.di..ona:li..on me-l:fwci1 we;z,e Med. io pM ce,,14 

:l:h.e 4Vla of pUll. cywu.?4 o/ 4Ubjeci:A: (I} pafi..erd:4 wi..i:h. clvwmc 

4du._30~ ( 2) pai.Lerd✓-J wi..i:h. aci.de 4du.._30p/vz.eni._~ and ( J) 

pafi..eni:A wi..ih.. oi:h.ell. d,wea.4e4 M well M he.al.i:Ay. cordAol 4ubjeci:A. 

5Vll07l g,bb~ of all aade 4chi_30pfvz.en1.,c paJJ..eni:A and. 4ome 

dvzoni..c 4 chi.. '30 p/vz.eni._C4 41.udi..e.d. i..ndv.ce.d. ~log)-cnl and. behav i..omil 

abeM.aii..oM i.n monk~. Ob/.Jell.Vaii..on -1Ulj(Je/.J:&J i:lud. :l:Ae adi..ve 

pll.Lndple i.n 4chi_30p/vz.eni._c /.JVUJfll ~ uzi..tA :l:Ae g,amma <; globulin. 

( i.rnmurwg).obulw), ancL il ,u.; capable of combi.Jii.ru; wi..ih.. ne.u.Aal cell 

nuclei.. of :l:Ae 4epial lll?.lfWn ancL ba-1al cauda:te nucleu,,1 M 

demoMhz.cde.cL by µuoll.e/.Jc.erd an;tLbod.y :&dmi...q,ue4. Th.e data 4uppolli:. 
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i:h.e h.ypo:l:Ae4i.A ilud. /.Jchi..~p/vt.eJU..a iA an i.rmu.uwlogi.c cliAoAd.vz. and 

ilud. i:h.e /.JVW. of /.Jchi..-soplvwu..c pa:1:i..e.n,i,,J con±ai.n. a WU..Cf-1-e ani:i..bocL!f 

capaiJl.e of combi..nl.n.g, w.u:h. /.Jpeci...{1-c but uni.d.en±i..f,Led. an.:ti.<;eni..c 

~ m neww1 ~ nu.cl.el o I i:h.e bMal. llO/.JiA.aJ.. /.Jiwt.~. ( 9 J) 

Ardi._bodi...e/.J a.g,ai.M:l. /.Jpeci...f,Lc paA:l1 o/ monh.etJ blULi.n, luman 

611.ai.n, and col.umn. {Aad:i.oM of human. /.Jep:l.al- cnudai:.e. W/.Jue tJJe/lR

pltiJCftlce.d. by. i.nj.ecti.ng, pa:l.enii.,a;/;.ed. h.omog,enr:de/.J of i:h.e fu/.Jue/.J 

i..nJ:o dieep. 5 eJU.Jm {Aac:aoM ob:l:.ain.ed. bff /.Jevvz.al me:l:Jiod✓.J UJe./lE. 

:l.e/.J:l.ed. by i.nj.edi.oM i..ntiJ i:h.e cvz.ebMl venhu..Cle/.J o I i..rdact 

M.e/.JUA monh.eJJ,1 uiu.ch.. wvz.e pll.e[XV<Ed. wLi:h. depth. and /.JUll.{nce 

eLecbwde/.J {o/l. pll01.ong,ed. /.Jiud.'f- Flzo.c:aoM Of ardu.Jvw. a.g,ai.M:l. 

monh.eJJ /.Jepial ll21ji.on and cm.d.a:l.e nucl.eUA induced /.Jpi.k,i.ru; and 

&.ow u.t:zve/.J m i:h.e ~ 1 /.J 0'JfTl h.omolog,oUA DllOlll. /.J~ a:f., ±h.e :'/.Jame 

:l.une M acaiatoni.c belw.vw/l. /l)(J/j /.Jeen in. i:h.e monh.eJJ,1• 'RecollfU.nlj4 

/l2/.Jernb1.ed. th.o/.Je fo/l. monk.eJJ<l ilud. Jtecei..ved. i:h.e p✓-Jych.oadi.ve /.JeJUIITl 

{Aac:aon ia.Aoxei..n o/ /.Jchi..~plvwu..c pail..e.n,i,,J ob:l:ain.ed. by i.nd.edi.cal. 

(Aac:aon.a;/:.Lon m~ CVJ well. M i:h.o,1e fo/l. /.Jchi..~plvwu..c pa:l:i..en:l1 

o 6:1:ain.ed. dwzi.nJ; p✓-Jydw:ti..c epwode/.J. Oi:h.vz. duvici.e.JUAii..e1 o I 
i:h.e ardi..- 6/lOlll. /.JVlllll2 {Aac:ti.»M ll£,,1etnb1.ed. th.o,1e of i:aAaxei..n. 

'hl.uo/l2/.Jcerd anii..bod.y. -1i:udi..e/.J -1/2.owed. ilud. dteep anii..- bAai..n. /.JeJUIITl 

{Aadi.oM lwd a:ti:acied ;fu neuM1 ~ nuclei.. o/ :th.e /.Jepial. mzg,i..on 

and i:h.e bCVJal cnudai:.e. nucl.eUA o/ Jteci...pi..eni. monk.€1JA u.tw/.Je ~ 1 
/.J 

and beh.av.w/l. h.ad. be.en al.i.Vl£ll. Off i:h.e i.nj.ec:aoM. 'F/.J!fdw✓.Ji.A-

i.nduc.i..ng, adi..vli:JJ /l)(J/j .i..d.en;l:J_/,i_ed. m i:h.e p/l.e/.Jertce o/ (jOlT1'11G. y 
i.rmu.uwgbbuli.n. (lg,y). Thi.A /l)(J/j dernoMVlaied. ~e/.J/.) o/ :th.e 

{Aadi.orudi.on mei:h.od UAed. ;fu ob:l:ai.n. :th.e adi..ve {Aadi.on /.Mm 
/.J/2.eep /.JVW. cordai.nJ..n;/;. i:h.e anii..bod.y. a.g,ai.M:l. i:h.e /.Jepial. llE;fWn 

and bMal. caud.aie. nueleUA. Allh.oug,h. i:h.e adi.ve /.Je.JUUn {Aadi.on 
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~ wUft I 9-y, iAe :liw jAad.i.oM weA£. Mi :tAe -1ame, ✓.u..nce 

iAe in.vd pzadwM &.mUCLIU.lj obi:.ai.ned. prom dteep -1eJU1 con±ai.ni.ruj 

an±Uxxi.y ~i oiAVt. blUU.ll. fX1M/J auo cordai..ned. !9-<;. (93) 

li L1 concw.d.ed. tlud :tAe -1epi:al-baaal c.aud.ate !WfWn o/ :tAe 

blUU.ll. coniai.Jv., a uni...qp-e ani:i_g,en ~i ulu..di an:liJJod.y can. be 

CAR.aJ:ed. and ulu..ch.. L1 ca:pabl.e o I combi.ni.ruJ wUft n£WWl c.dl. nuclei. 

o/ :tAe -1epial coude /l£.f}Wn., :l:.o i.nduce, pv-14.i..bl.y :ilvrowji 

i.nzpauune.rd o I newwlwmeMl.. condudwn., abe./l/Wl,wM in. {ffj 

aa-1oci..aJ:£d. wU:h. -1du.."g0p/vt.enic beAavlo11.. 5.Ln.ce -1vuz ol -1du..~p/vt.enj_c 

pa;!i..eni:LJ cord:.ai.rw gbbulin. ( iaAoxeLn}, wL:th. <VJ-1en;!i__alf.y :the -1ame 

ch..cvw.c1:£vt.u.J:ti..e1, d i.A pv-1:l:uLaied. ilud. iaAoxei..n maJJ be :the cudi..bod.y 

and ilud. -1du.."gOp/vt.eniM maJJ ll£f/l£/.Je.rd OJL aui:.o-1.nmun..e dwode11.. (93) 



SunmaAJJ and (oncl..Lv.U.On 

7/ie llR.vi.ew o/ ih.e me:f.aholi..e Mpec&.J o/ 4chJ...p;pM.eni.,a AM 

llR.veal.e.d maru,; /.rMclnrdi.ru; f,Lnd,i.ruµ. AL:thoug}i. none o/ ih.~e 

85 

~ liave been c.onf,uune.d b!f enour;)i lWMVl/.J :l:o make ih.e 

lujpoih.ed~ upon uiu..ch. ih.e lle,rjeaJl.ch. llX14 bMe.d valid., much. i.nfo;ana,il..on 

u.lu..ch. /.JVl.Ved M gAIJundwoM AM been compiled. 

rhw:tei.n me:taboli..4m i.n 4chJ...p;p/vtenl...a AM been found :l:o plWj 

an i.mpoll.i.an:l llOi..e i.n ih.e /.Jyn;th.~ oi ih.e bi.ol.og,Le ami.n.ed uiu..ch. 

de:wuni..n.e beliavi.o;z. 7 /Z./jplop/2.an, mei:hl.oni.ne and f.!jllO/.Ji.ne a/le ih.e 

amino aci..d<l uiu..ch. liave been mo/.J:t 4:fudj_ed_. Si.nee /.JellOiofllll. i./.J 

dvu..ve.d pwm :vt1jplop/ian. and epi.n-eph.Ame and noA.epi.n-e/ ph.Ame 

{Mm ¾,Jto4i.ne, and, /.Ji.nee mei:hl.on.i..n.e i./.J an i.mpoll:f.an;t mei:Ju;lai.i.n.g, 

afjenl:., ih.ede pMiei.n/.J and ih.ei.A. mei:a.boli..e f.a;te AM been. plle,rjen..:te.d. 

7/ie po4i.ul.cdi..on o/ f./Aed ih.a:t ih.eA£ aA.e ih.llee cli,l{Men..i. 

llR.cep:l:oA. 4,ped A.edpoMi..ve :l:o ih.llee di//Vl.en..i. /.Jub/.Jvud.ed, ih.e chol.i.nVlg)..c, 

ih.e adAenVlg)..e and ih.e .i..ndoli..c, AM al.4o liel..pe.d :l:o open up aven..ued 

/o/t. fuih-eA. JUv.JeaA.ch. /.Ji:utli..ed. I:t AM been. found., fo/t. i.Jl,,ji.an.ce, ih.a:t 

c.£A:f.a1..n. allR.M o/ ih.e bllai..n.. a/le /.Jel.eci:i..vel..y A.edpoMi..ve :l:o bi.ol.ogJ..cal 

/.Jub/.Ji.an.Ced /.Juch. M /.Jep:tal. exhw.d., o.hwpi.ne, and /i,L,(Ji.ami.ne M 

well M ad.A.envr.gJ..e c.ompou.nd/.J. In ih.ede d:ud.i..ed ih.e caud.a:te 

nucl..eu/.J, :l:h.e fv;po:l:h.alarru.M and :l:h.e pui:.am.en.. UJeA£. ih.e Cl/l£.04 pwm 

ulu..ch. beliavi.oMl cfw.ng,ed UJeA£. mo/.J:t of.;te.n eli.ci..:te.d upon irtj,eci:,wn 

o / /.Jub/.Jianeed. 

7 lie abe./l/lalli:, de:l:oxi..c.a;lu:m o / epi.n-eplvu..n.e and nollR.pi..n.eph.Ame 

and dopami.n.e AM been po/.J:tul.a:ted lo A.edul.i:. i.n end. pllOd.u.ci:4 /.JUch. M 
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adA.enodvzome./.J and adA.enol.u:an whi.,ch. have ruone/lJJU/.J bi..oloC)i..c e//ew 
/.Juch. M i.nhi...bi.ii..ng, dwli..rie e/.J:lVlfUJe and ih.VlR.. by po:1:£.ni:i..aii. 

f/.Jljch.o:li...c belw.vi..oll; ih.ey auo i..n;/:.eA/e11ewli:A CG.IUJo/upAate 

meiabolwm and /.Jynap:li...c VUJN.Jr/1.W/.Ji..on. A~ i:Ai.A /2.y,poih.v.J-i.A 

AM been QJnfiAmed by /.Jome and di.Apo1tved b'J oih.e/1/J. 

Th.e co;l:edwl.ami.rt.e /2.y,poih.v.J-i.A o/ a//e&ve di.Aolld.Vl/.J expou.ntM 

that /.Jome bu:l no:l all d.ep/l£A/.Jl.oM GA£. M/.Joci.n.ied wiJJ,_ a ll.elai:i..ve 

d.efLci..enCJJ o/ c.aiech.ol.ami.n.Jv.J, pall:li...c.ulaAl.y no1tepi_n.eplvu.n.e, ai 

fun.&onalLy impoJd:an;t ad.M.nVllfi-c 1tecepi:o1t /.JL:lea i.n. ih.e bllai.n. 

,t11ood. el.evaii.on ma'J be a/.J/.Joci..aied wLi:h. an. ex.Ce/.J/.J o / /.Juch. ami.ne./.J. 
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Th.e monami.n.e oxl.d..Me i..nhJ..biioM uiu.ch. i.n.CA£.a.1e ih.e blllLi.n QJnce.ni:ArdioM 

o I noll£.p/u.neplvu.n.e, and i:h.e imi.pllOfTli.n.e l.i.ke ag,en;v.i, uALch. po:le.n:li..a:le 

ih.e p~i..ol.oc;J.-cal.. e//ew o/ noll.epi_n.eplvu.n.e have been ih.e mai.n. 

phannacol.oc;J.-cal.. :loo~ ll4ed i.n. ih.e ®AA :lo confiAm i:Ai.A po/.Ji:ulaii.on. 

U/l,UU"i/UJ arwl.~ {o1t b~un p/lOduw o/ /.Jetto:loni.n., 

no1tepi.n.eplvu.ne, and epi_n.ep/vu.n.e, AM been anoih.Vl app/lOadi :lo 

d.e:lvuni.ne abno~e/.J o/ ~ /.Jub/.J:lan.Ce./.J i.n. /.Jdu.."30p/uieni.a. 

!3u:t due :to ih.e ruffLculti._e/.J i.MVleni i.n. /.Judi arwl.!f1L1 mo/.J:l ®MeM 

Aave been able :lo QJnvu..bu:le only moll.e /ac.ioM uALdi i.n./J-uen.ce 

WUJ1£. anal~. lli.f2.!J Aave found o / uiud. i.mpolli:ance /.Judi /ac.ioM 

M di..e:l, a&vily., rJtf!Ai..cal.. i.l.ln.e,M, and medi..c.ati..oM GA£. i..n ih.e 

/l.e/.Jull:4, and auo ih.e cord:i..n!JenCJJ O I ih.e aCCWUlCJJ O I i..M:hwmen;v.i 

U/.Jed and me:l:h.od4 U/.Jed :lo d.ei.vuni.ne ih.e ex.Cll£1:i.on of bi..oloC)i..c 

ami.n.e/.J i..n ih.e UJU../1.e. 

Th.e e/fec.:t of ox.i.dcMe/.J /.Judi M cvwlopl.Mmin., a pol.yr)tenol. 

oxi.d.aAe, and MQJ/lbi..c acid. oxl.d..Me, uiu.ch. GA£. boih. coppell.-p/lO:l:.ein. 

compi.ex.e/.J pll£./.Jeni i..n /.JelUJ!Tl on ih.e meiabol.i..c Mpew o/ /.Jdu..30pfuwu_a 

Aave yi-el.d.ed QJn/Jj_ci.Lnfj,, /l.e/.Jull:4. Si.nee /.Jdu..30pfuwu_a i.A an. acui:.e 

oJi. ~nl..c CU/.JeMe and /.Jdu..30pfuwu_C/.J GA£. mo,1:I:. o/;ten. h.o/.Jpi..iali..~ 
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{.o1t l.ofll} ~ of :lime ih.e J.Jl.n,v.J-1 AM mucA i.n c.orrmon w.UA o:l:h.e1t 

acui.e and dvwni..c cilAe.a/.Je pMCv.J/.Jv.J M ll2.fled:.ed i.n c/umg,v.J i.n 

/.JVU//Tl af.bumin., i:Amv:J/eAA.i_n, gnn,na_ g/40bui.1.nA, OM/.Jomucoi.d, 

hapi:.ogkbuli.M, C£AJJJ.opl.Mmi.n and a-1c.o1tbLc aci.d. 

Y1-1!fch.ophmrmac.olo<ji.caf. ar;;eni:/.J have au.Jo been lMed i.n ollde1t :l:.o 

-1:1:ud.y, -1du.-p;ptuteni-a. lh.e ph.enoih1-a-3i.nv.J and f<(JJjJJ,t)l/J--a al.k.aloi.rM 

have been :l:h.e mo-1:t lMepd d.Au.g4 i.n :l:h.e :hte.a;!men:t of -1chJ..-p;pluterua. 

&:th. of :l:h.v.Je aiaAacii__cw have a cal.mi.n.g, effed:. on (Jf1, aJJ,L:la-i:-ed 

nell.VOlM /.J!f-1:lem and plZLXtUce :l:h_ei.A, amoM dLJteci:J.!f i.n i:h.e C£nhta1 

ne1tvolM /.J!f-1:lem ( (!v5). Ii AM been po-1::tul.aied by 8/lOCU.e :l:h.a:t 

ll.v.Jvipi.n.e aci-1 :JJ-uwug}i ll2.iecv.,e of /.JeM:l:.oni.n f-;wm /.J:l:.ollfl{le <JMfU-i,lv.J. 

5eM:l:.oni.n h.M a -1eda;li.ve acii__on., and d exl/.i:&J i.n /wyt c.oncen:budi.orw 

Ln :l:h.e lunbLc -1!f--1:lem. Th.e -1ug,g,v.J:ted bl.ocki.m,J, acii__on of :l:h.e 

ph.eno:tlu.a~v.J L-1 -1ometm.ell2. i.n :l:h.e di.enceplui,wn. 

In :l:h.e el.eciAoenceph.alocyz.apu-c ( fffj} ,1:1:udi..,v.J ob:l:.auied b!f

pl.aci.m;J mi..CMel.eciAod.v.J .i.Jl.i:tJ -1peci..fi-c blltU.Jl all.eM d llXIA fnun.d. 

:l:h.a:t p,1!f-ch.oue1 have -1pi.kv.J i.n ih.e -1ep:tal /l£Lj,Wn., made up of !-Mi., 

bLp/2.Mi..c -1pi.kv.J -1omeiimv.J -1upvwnpo-1ed on a -d.ow ll,\'.ZVe. Dwzi..n.g. 

llRffU./.J✓.JLon O I p-1!f-ch.ouc -1!f11-p:l:.om-1 no -1ucA abno/t/Tlalii:.!f llXIA ll2.C.Oll.eded. 

Wh.en numeMU-1 ~' both. cho~c and ClfVl£nVUj,LS we.A£ LMMied 

i:h.Mug}i can.nul.a-1 i.n.:w -1peci..fi-c blltU.Jl all.eM, a ll,\'.l,1 atJ<1i-n- /..oun.d. 

i:h.ai. aiMpi..n.e and h.l1iami.ne had :l:h.e mo-1:t pM-f»und e//eci and 

i:h.u-1 a ll,\'.l,1 po-1::tul.a:ted d:h.a:t i.ni:EA{e1tence wi..i:h. ace:bjl,ch.olme 

acii__on i.n :l:h.e blltU.Jl ll,\'.l,1 ll.v.JpoMi..bl.e {.o1t :l:h.e -1pi.ki.ru;. Th.e 

eled:A.ic.al ch..mu;,v.J cv.,,1oci.aied uzU:h. c.a:l:a:funi..c behavLo1t can. be 
" 

d.uplLcni:R.d by, ar;;eni:/.J uJu..cA 1.n±vz/ell2. uzU:h. newwhumvwl vzmwm0Mwn. 

C ell2.&M-1pinnl. fluid ~ i.n ,1 du.'#-) p/2.ll.eni.e1 have ll.v.Juhted 

1.,n ,10me Lmpold:.an,i_ ~ ul-u__cA need :l:.o be c.on~ed. The 

- D/lfU.Jl ~d.d.v.J have been -1h.own :l:.o have a maM.ed -1ii.mul.ai:iJu; 

(-wicii__on i.n a memb1U1Ite amvati.ntJ /.J!f-1:lem -1ucA M :l:h.e cl.am h.ecvd:., 



/.Ju.ryJv.Jii..ruj i:h.at ih.ey, may 6e in.valved. in. i:An.MnU.A/.Ji..on pteMmen.a 

i.n ih.e (NS. lmmunolofj,Lc.ai. 4i:J.di._e4 have Aevealed. :th.a:t 61ULU1.. 

~/.Ji..d.e4 maJj be in.valved. in. 1.mpvAiard. ll£.C],Ula;!i_rv; f'.un-di..oM 

i.n ivuM o / conhtolli.n.g, envu,J and. ~ o j a ruonbM o / 1.mpvAiard. 

COMii.:tuen;:&.J in. ih.e (;VS; ih.v.Je f'.un-ciioM h.ave been Ae/e.Nl£fi. i.o 

CUI ih.e "BaAA.Lvi-An:li..body, Sf!Aiem. ~! 7h.e 61ULU1.. 9,GfW~/.Ji.d.v.J coMi.Ai 

o/ UXLivt /.Joluble COMii.:tuen-lA of newwmi..ni...c aci..d.--h.exo/.Jeami.n..e 
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and. h.exo/.JeAJ)n one /.JlVl./ace of ih.e molecule and li..pi.d /.Joluble 

coMii.:tuen;:&.J /.JU.Ch. CUI /.J~/.Ji.n.e and. 4i:£afii..c aci.d on ih.e 0th.vi 

/.Jwif.ace. In n1-onvwu.1 4i.t.u/i._e4 Lt h.M been fnwul. ih.ai /.Jch.i.~~c 

adu,lt,:, dz.owed. lotJJell. valuv.J PJA- i.oi:al newwmi..nl..c aci.d. AEl.a:ti..ve i.o 

conhtol/.J and :th.a:t ih.e /.Jdu...~~c newwmi..nl..c aci.d. con:teni:. IJ)(v.j 

CDmp<VULble only, wLi:h. ih.e val.uv.J {nwul. i.n ~ l<!./.J/.J i:h.an. 

7 ifeaM old. Oi:h..vi /.Ji.t.uli..e-1 A.eveal an i.n.v<Vl/.je JUUcdi..oM/u_p beiween 

ih.e deg,;z.ee o / p✓-,!fdw:ti..c i.ll.n.<!./.J/.J and ih.e ab/.Joluie amount o / 

g}.!fcopllOiei.n. newwmi..nl..c aci.d. and a pv/.Jffive ~rwhl..p be:lwe.en 

cli.ni_cal i.mpllOw!merd in. /.Jdu...~rJvz.eni..c pail..en;:&.J and i.n.Cll.eativ.J 

in. ih.e ab/.Joluie amoun.i:. o/ g}.!fCOpllOiei..n. newwmi..nl..c aci..d. i.n 

CMebllO/.Jpi.n.al fki.-d. A /2.ypoih.ed../.J AM been fo/t/Tllll..ated :th.a:t /.UJl.ce 

h..exo/.JeamiJl.e i.A a /.Jyni:h,e.:tic pll£.CUMo/l. o/ newwmi..nl..c aci.d. and 

ih.e acc.umulai:i..on of a pA.eCJ.UWoA., CUI AM been µ;und., wi..i:h.ot.d. 

i:h..e acc.umul..cdi..on o/ ih de.Jti..va:f.i..vv.J, /.JUJJ,/,}<?.4:ctJ an enppzaii-c block 

i.n ih.e COfll/eAAi.on o/ h..exo/.Jeami.n..e :l:o newwmi..nl..c acu:l 

On /.J:!:udi..v.J conCVlJU.Jlf} EujMi.cl. and adJwwJ.. f'.un-c:ti..on in. 

/.Jdu...~plweni..a, no di..Aeci:. JUUati.oM,Up beiween ih.e Llln<!./.J/.J and 

endoozi.nolo911 6 been µ;wul 7/2.e po4/.J.LbLLi;b; exl.4:v.i :th.a:t a 

kLnd o/l. ~ of ih.e emo:ti..on.al /.Jiaie and noi i:h..e dJ.m;iw/.Jlic 

~IUJ i.n.fbence EujAoi.d. and adJwwJ.. functwn, /.JU.ch. CUI anxi,eiy, 

~n, eic. 
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Siut:li_ed on caADo/vp.M.k and envtgJJ meiahowm in ,,1cfu.30rJvw,-La 

have llEAulted. in mu.di i..n.{ollll1nii..on bui. <JMo mu.di dwappoi.Jwnen;f. i..n 

:the non-ll.epllOd.udb-Uli:.y o! ~ . Th.e 4iudi..ed have empbyed. 

mai.nl..u .llEd. celiA o/ no/tJTUJM and ,,1cfu.30plvz.eni..e1. Th.e c.ell1 a/l.e 

h.emol.ug-ed and_ ih.e /Lf.:t;ude i./.J 1.JAed. CV., an en3!fl'le ,,10Ji.dion 

coni.auu..ru;J h.exo,,1e di.plw,,1ph.ate cu, a 4ub4i.Aai:£. alofll} wi..:fh. neeeA,,10Alj 

en3'j!Tl-ed• Th.e ecvJi_J_ff- /2.ydnl.y-sabl.e ph.o,,1r)wA1flaied compound. p111T1.ed. 

uiien PYAUVa.i.e i./.J cx:kl..ed. i./.J an i.n.d.ex o/ ih.e lll:de o/ glucol.y;!i-c 

ll.eacii..on. Wh.en h.emol.y3<J,ie.4 prom i..Muli..n. i:Aea;/:,ed. blood. a/l.e U4ed. 

:theA£ i./.J a compattaii...ve d.efLci..i. in :the accumul.cdi.on o/ ihi.4 eMi.1y, 

h.ydll0,430-bl.e plw,,1r}w!Ujla.i.ed. compound.. TliiA 4u.g{fe.4i✓.J that :the 

d.efi-ci..i. i./.J d.ue io in.CAR.Med. lll:de o / COMump:tu.m Aai:h.e.Jl. :than a 

d.eCAR.aAed. ll.<lie of folllTlaiion. 7 liiA ef fed o / i..Mul.l.n. hw.J been 

,-1/2.ou.n. io be ab4en:I:. prom a ve.;u,,y, -1ub4i:an.i:iaJ. ruunbe.Jl. of -1du..30rJvwu.-c 

-1ubj ec!A' blood.. &d ag,ai.n, noi all -1du.."3'JrJvwu.-e1' blood. /.Jcunpl.e.4 

rµ.ve abno11mal ll.e.4ul-v.i. 

Th.e 4peci.-f.,i_c acii..on of aderw✓.Ji..n.e :ht.Lr}w✓.Jp/ude (ATP) W<M 

4iudi_ed_ in elUJl:lvzocy:le✓.J J..n uiu..dt gl.uco-1e i./.J me:iabolJ..3ed. u.ii.iPA,q, vi.a 

:the [mbd.en-lrJ~f -1dteme io ATrp oil. by l1X1Jj of :the h.exo?.Je 

monoplw-1pkde duud (II/WIS) . {/)/2.en <jkco-1e i./.J u;/:j.,;_3ed. WU1 1-1/r'(PS, 

1U..,bo-1e-l-plw✓.Jp/ude iA ih.e U4ual end pllOduc:I:.. Th.e pllOpolli:1..on o/ 

gluco-1e u.:ti.).,;_g-ed vi.a l-l!WfS io Ai.bo✓.Je- l-plw-1rJi-aie and. io Alf vJ...a ih.e 

[mbd.en-/lley.eM.of -1dteme can be ed:l:.i..rna;te.d by l.abeluig, gluco-1e i..n 

ih.e I and 6 po~n and J..ncubaii.JuJ i:1:. wU:h. llR.d ce.lLJ and th.en 

m~, :the l.abel.ed. ccuz.bon dwx.J...d.e llEAul:t.uu;;, pwm ih.e crdabolJ.Am 

o/ :the gluco-1e molecul.e. Wh.en g1uco-1e i./.J convell.ied. io Ai.Do4e-/

plw-1phai:e only ih.e ccuz.bon labeled. J..n :the I po4i_:fi_on i./.J fowul J..n ih.e 

ca/lbon di.ox.J...d.e. Wh.en gl.uco-1e i./.J crdabolJ..3ed. vi.a ih.e c.,mbd.en-tney.vrho f 

-1clieme both. ca/lboM label.ed. J...n :the I and. 6 pa4i_:fi_on appea1t aA 
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<:.allbon di.oxi.de. 5 ch.emaii..call.!f ihiA iA llR-pll.e/.jen;ted M µ;lf.ow4: 

A. yl..uco,1e eqp-alo 6( B. <;i..uco-1e e~ (I rni.ru.v., (6 
f.,mb. -lt1eJJ. 9u..b. -1-704 

lMuli.n ,1:!A.e4,1 CflU/.Jed. a ,1-4J-n1-{1-c.cn-d:, d.Aop i.n :the llai:.e o! 

i.ncollf'Ollaii..on o t :the I labeled. <:.allbon o t gl.uco-1e i.n:l:.o <:.allbon di.oxi.de 

by blood {Mm con:hwl ,1ubjed.A bu:i. /.JU.ch. a d.Aop did rw:l ocCUA. wi.J},_ 

blood /.Mm ,1ch.i..30fM£'U-c paii..erd/J. T/uv.J µJll. :the con:hwl [JAOUp 

i.Muli.n. 4Vl£A/.J AR.duc.R.d. ih.e amoun:l o t g).uco,1e g.oi.n.g, :liviough :the 

11/ri?S bu:i. no:l i.n. ,1ch.i..30fM£'U-c -1ubjed1. Th.e i.Muli.n. ,1ht£A,1 e//eci. 

<:iLdappe.a/lf?.£i. uhen blood C£-ih /.Mm rwlUrlal con:hwl /.Jubj,ed.A UJell£ 

plac.R.d. i.n -1ch.i..p;pM.eni..c pla&na,' al4o pla,Jtna pwm -1ch.i..3ofM£'U-c 

/.Jubjed1 a//ed:R.d. ih.e mai:aboli.Am o/ ch.i..cken ~~ di..//~ 
th.an did pl.tuma. f.AOm coni:Aol ,1ubjew. 

(hi_cken ~Cl,Jfu i.ncubai:Ed i.n ih.e plcv.ma (Aom ,1ch.i..30fM£'U-c 

4ubjed1 had loUJell. p!fAU-vcde pMdud:i.on and hi_gh.ell. lacta;te/ p!fAUvrde 

JUdJ..o,1 th.an i:/2o,1e i.n.cubcd.ed wJ..,;1-},_ ih.e pl<Mma o/ conhwl ,1ubjew. 

T~ /.JUO✓r),e-1:f,,j :the p11£Aene o/ /.Jame i..n/ubW,on o / aeMbi..c mei:aboli.Am 

.i.n ih.e pl<Mma. o / ,1ch.i..30 fM£'U-e1. An .i.ntRAf eA211c.e wi..:l:h. /.Jame p/2,Me 

o / lujdA,x;en i:.Juuv.J Po Id iA /.JUIJt}e1ied. 7 h.e /-ad.oil. i.n /.J ch.i..30 fM£'U-c 

plrv.ima. ulu..ch. AM :flu.A e//eci. UA:l/.1 i../.Jolai:Ed b!f :l:lvree di..//vwd 
mei:hodd bu:i. llXJ/.J no:l de,/irt,i.,:lely, i..den;t;_fi-ed exce.p:i:. i:o /.J01j- ih.a;t U 

~ be an. a1ph.a globuli.n oil. a pM/.Jih.e:li..c gAOup ai:i:.ach.ed. i:o an. 

alpha gkbuli.n.. 

Ulh.en labeled g)uco/.Je llXJ/.) i..n.jed:R.d. i..n;:/:AaveJWudy. i.n:l:.o rwlUrlal 

/.Jubjed.A and p-1ych.oii.c menial paii..en::&.J, U UKJA found ih.a;t abou:l 

54% o / blUU.Jl. <:.allbon di.oxi.d.e llXJ/.J dvu..ved. (Aom glii,co,1e i.n. :the rwlllTtal 

pell./.JOn bu:l only, J'Jk; by ih.e menial paii..en:l/.J • 

Th.e mai.n. di..fli-cdhe-1 i.n ih.e1e ,1iudi.,e,1 OAR. ih.a;t :th.eJJ all.e rw:i:. 



llE.pllOcfu.ci..bl.e by di.(-feAR.n.i lWM.eM Udi.nt) ih.e 4ame pllO~ • 

The ei/ec:t of human pl.a,ama on ch.i..cken ~~, fn/l. .i..rv.d:an.ce, 

.uJ pllObabl.y cfu.e i:o the ll£0..cti..on of a h.ei:RAo<jene:f:i..C ardi..g,.en of 

ch.i..cken ;wf_ bl.ood cell pl.a&na memb/1flfl.e wU:h. an an±i..body o/ human 

4Vlllm and compl.emerd. T/2.e ~hu..buii..on of ih.e anii..body i.n. ih.e 

populaii..on of mental paii..erdd and conhwl. 4ub;/-eciA i.4 4i:i.Jl 

und.ei.elunin.e.d. 
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Th.e i:oxJ..cUy of ,1du..30plvt.eru..c body, /J.il-iM ha1 been documented. 

bl/, numellOUd tWM.VlA. Sdu..30~c ✓.JVlllm 6 been fi;und. i:o be 

i:oxJ..c :l:.o dAai.n l c~ of 4ubada.n.eoUd fu4ue of nomnal Cf mi..ce. 

lniM.pe.Adon.e.al 1-njec;lwn of bl.ood pl.<Uma {Mm 4cfu...30~c 

paii..enM i.n.Cll£0/.Jed ih.e climbing, iJ.me of i.Aai..ned llaZ1. Th.e ad:i..ve 

plli..n.ci..pl.e i.4 4U✓.Jpec:ted i:o be noi. a pllO:l:ei.n bu± a ,mall mol.ecul..e 

a:Uach..ed i:o pllO:l:eLn✓.J. Ulli..n.e ex.:bta.ciA {Mm 4cfu...30pMR.ni..C/.J pllOcfu.ced 

beh.avi..oMl dumg,e✓.J i.n. moM.e.tj/.J and c.aM u.Aen i.njec:ted i.n.i:o ih.e 

w:t.vuw. mat;yU1 o/l. 1.ai.eAal venhu..cl.e. Nomnal. cord:Aol. &1.bjeci:A 

4h_oltX'f}_ no W1LlAllal effeciA {Mm ih.e .i..rijec;cwM. Th.e4e CftCUUJ<Z4 

could be 4een on ih.e cffj M 2-5 CIJcle peA. 4econd dow llXlVe✓.J 

and p<lllOX~ high. vollag,e dwAp UXlve and 4p~e ~CMArje4 

ocCll.lli_ng, a:!:. ih.e i.empo1ZO-occi..pbl:a1 /lf!!JJLOM• 

T aAllXei.n i.4 ih.e name gJ..ven :l:.o an unJ..den;ti_/j_ed pllOi.ei.n exhui.c:ted 

prom pool.ed. 4cfu...30~c 4vwm uhJ...ch.. COU4e✓.J beh.avwMl. dumg,e4 

4i.mi.l..a/l. i:.o :l:h.ai. ot 4ch.i..'g)~C/.J 1dlPJ7. i.njeci:.R.d i.ni:AavenoUdi.y 

.iJihJ no/t/rlfU 4ubjec:l1. AutiAn and depellAonali..~n M well M 

bl.ocki..nJ;, UJ<Vt£. COM:/:.an;t mani..f<Z4i:.cdi..oM A.e✓.Julii.Ju; prom i.n.jec;lwn. 

Nei..ih.eA. ih.e i.Aol.w..i..on of :laAaxei...n. no/l. ih.e e,lfew ll£/.Julxi.ng, {Mm 

w .i..rd:Aa.venoU✓.J Ude h.ave been conf'J-;,med. 

Th.e mod exci.ii..ng, .~ 40 (DA 6 been by ih.e T ul..ane 

g,;zoup aMo and Lt i.4 ih.e demoMiA.ati.on of an i.rl. vi..vo anii..body, 
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i.n. newwl.. cell nuclei., plli.nd..pall!f of ih.e -aep:tal.. lleO,J.on and bQAal 

caudai:.e nucleuA o/ -1chi..30pvie.n,Lc bJr.ai...n,.j uiz.en. fl-uo/lRAc.eni. anii..bodlj, 

-aiudi..e-1 UJe/lR., done on both. MlltTU1i. and -1chi..30pvie.n,Lc bllai..M. VaA.Loll4 

-1ellUn. {Aacti.on.aii..on m~ WtVl.e ll4ed. :l:o pMce-1-1 ih.e -aeAa of 

-1chi..30pM.eII.J...C1 and con:f.JzolA. The -avwm gkb~ of olJ. acu.ie 

-1chi..30pvie.n,LC1 1.nduced ~logi.c.al and belw.vi..o;u-;l altvzai-.i..oM 

i.n. monh.e,y.;. The ad:i..ve plli..n.ci .. pl..e appeaM :l:o be an i.mn.unor;kbuli.n. 

Oi:Ae.1t. duvzaci:.elti.A:li..C4 of ih.e anii..- bllai..n -avwm pw.cti.on /lRAemble 

ifw-ae o I ixvwx.eLn. and.. ih.e-1e /UVJea/l.Cn.VlA o I ih.e Tulane gMup 

pa-ai:ulate ih.ai :!:cvwx.eLn. may be an. ordi..bodJJ- and.. -1du...30plvten,isJ. 

maJj- llR.p/lRAe.rd. an. m.doimmun.e di.✓.Jomivi. 

A11fww;h- i..i:, may appeaA. fAxn JWJdin.g, a papVt -auch. M ih.uJ 

:th.at. i:hellR. -VJ M diAecti.on lo i:h.e /UVJei::vz.di ih.e auih.oll. now i:h.i.nk✓.J 

i:lu:d ih.e mo-ai .µwi..:tful -aiudi..e-1 have been iAe one-1 done wi...i:h. 

-1du...30pvie.n,Lc -1€/lJ.Un and CellR.DM -api.nal fbi-d. 

In concl..w.u..on, i:h.e auilwll. o I :IAi..A compi.l.ai:i.on liOA g,a,in.ed.. 

mu.ch.. iJwiJyti. i.ni:.o ih.e me.i:ahol1-c QApec:b:J of -achi..30~ and 

belLeve-1, QA ai i:h.e b~ of ih.e -11:J.Jd.y :flud. ih.e ulti.ma:te 

-101u:li..on u..,,UL' come QA a /UVJuU o I conJ:1.nui.Ju; i.n.ierwi..ve /lRAei::vz.di 

of TT2CllUJ tWM.VlA i.ni:.o i:h.e exi..olo9!J o I -achi..30 plvwu...a. 
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