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INilIDITION OF B1-1Cll.LUS SUBTIUS HESPI.Ri.TION ON GUTCOSE • 

FO:ill.liiTli.: i~ND SUCCINATE Bf OERI'AI N ANf..STllli'l'I C bGEN'i'S 

conaemtne the eho1oe ot a ~nialftr • <~•nt tor use 1n « given a1twrtioa 

la quJ.te Wlu.lliAOUS and 8, c«:rtatn Mowit ot pretiotenc1 in tl1e USO ot 
narootl.oa ha• 6"l'l seh1o"4. Mon rooeiitly ooru,1deable wort baa \>ea 

dnoted to rd on elu:e1dat1.o.n tf'Jf the Ji!Wde ot oot.1on of awotf.o agonte 

aml tboug1>. some ndvancea h$lve boe:& mti14e \he Mer-all p1ctt'ltl'9 le not yet 

clear. In the l'1at anal1ela we still do not now how Mnr narooti<tS 

br1Q6 a~ut their phys1olog1oal aot1on • 

.Ettorta to d tomme the C4WJottYe •orumie ot narcosis have 

]A}d to tho iB\"'eSti11& tton of 'm$fl.1 n~u"'Cotlo aeentl'I and their ettoot on 

many trpe• of ltvtna o~ nius as well as on uoawd t1sauee ud 

tissue e:traots. Tho nnse ot Uvtng torme. whioh have be a stu41e4 

The vresetlt day t eminolo~~ wh loh 1• enooun,•"4 la tT!AA1' 
rovtcm:e a.ea~ with the pbyaiol o oal aoU.on ot dN&a 1a somewhat 
eonfualng. i'or purpoffs of elr:uritf the a.ut!M:.n.- • Ul tollow the 
temiaoloa ot rt . x • .8011.donon (l&) who rea•nu the tem nanoU.o 
to dee:lenat. cbsmloal oom,oanda wbJ.ch kpreu the ee\i1tU1 ot t.he 
eeniNil nenou aystem wben pn&ent 1st oort1tin ooaGotntilou. Wha 
t hei r eo1',0entnt1on talls below' • eenain polnt the eel.la 1nwlved. 
are restOl.'Od to tMu norllel aot1vtt1 . lieaderaCJl eouid•n geunl 
eneethetlos un<'l ey-pnotlos es being included Wlde,-, the m.Cl"e pu.rel 
term ot ne,roo\1.o ~• dlaouoaee tho phyelolog1oal t.heor; of s\l-ch 
co.mpouado uader tho hoa41.ng , fllfhoories rtJt raoale., • 



while uni!el" the 1ntlueacta ot naroottes . xt.ende trom the Jtiraer 

a.nlaala 1 1no1wU.ng BtU1 doe to tho e'i.ngle-o•lled crpniama auch 

ynste and b-.eteria (l.e) . Ia the oarller 1nvest1geUmw the larger 

pa.rt• of the woa wae oarrie4 out w1th the htsh•r wi1mal.a •• tu ollJJeeta 

o.t etuoy . Roeein uwaoea 1a \be knowl.ap ot cellular lDOlaboU• t.D4 

euyae oh•1etl"1 , and tM nalhatlon or tho a:lm.U~rity beitween t,u 

b&et.c e.apeots ot cell J.b,a1ology ln hlgur a lowiu• tom. or lUe, 

h•Te ronu,.4 e now bf.okgl'CIUWl tor the atu4,y o'f narcotic aat1.on. Thu 

we tin4 tbftt tho uu ot bretn ·U•IWI (11 71ll1U 1l 5il&, O , M ,26 ) end 

mloroo.rpaiem1 (f;lt,19120) are pJ"Oill1nent at the i,n&Glit H•• 

Although the ea.rlur th or1•• ot raosia have prov•cl 

1a&4equate in Qi4Jl1 nspeote , lt 1a tru.e ,11&t a brief oonsidefttlon 

ot the older b'Ot'k tu ueeso1u.,y 1n order t~ 

piCtw.19• 

il'ut ea.rU.ttst ttgp,t to prov14• a th&CH1 of twNOt io aet1on 

•• pnaontod by M.lt1Jra au ~rleeo t 1B). Thee• women a • · osted. 

that anestltetic egento di.asolve certain tat co ltuntia out ot the 

b:raS.n aell.e and tbllt the• bah ooanltuents nn loter depoatte4 la 

the 1i"fer. Thia theol7' ie hiatortoaUy UIJ)Or\ut be-aeue 1t • no4 

•• u tererunnu· ot the mre IIOdem Upot.4 \h.eoJ.'1 wb.1oll •Ul bo 4S..-

cuaeed eu.bseqa ntl.y. 

Another ••rly the(U.1 •• O(UIGe.l'Md with the poaal'bll1t.1 ot 

ooagubat&ou or tho run...-e oell "aubat no• when the o 11 1n q•stion 

-.e und.or the l ntl'1.8.rtoe ot a n1u•coi;lo. Thia h,no't-hu1• ftl te.aapon.dly 

dung ried 'becawa• t.b.ei exporim tal ooa at ion •• 1rn1'eWJ1ble and 

was obtained with leoln•d preteln eyatomro tn the preMnce or naroot1es 



ln hioe :r oonce.utra.Uoaa UMn t .ne eoneen.trat1ou required \o pnduoe 

1.l! :oOGta i n llv1nfi. aalm.ala. J.1on; r,;ocmt won 1nd l cetea th!llt o,.u,tetn 

tntrnoellul11:r subat:anoos ll11AY tm.4e-qro a ooa«ulaU.ott whieh 1a r-evenl ble 

(1,1s.1,>. 
Xochain (U) bel1ev"'1 tMt Mrootioe produo:• a nvor:albl. 

deh.ydratl~n of b,$ coll.old~ wlthia \ho neffo c.U•• lt · tn1A1114 

t ha t th• de~(b."6Uon UJ(Jctt the U1111al permeability Of the 'c-11 ••wan• 
tth. ieh in turn led t,Q a ,teranged •taboU ltowewr 1 ws eooa poJ.ll\04 

out t!Yit manr other oftd1t1ona td11et) pl"Odue4 4eby4nt1on d.id, not pro-

duce • 11aptoma 1.lld1ot1vco of naroottc o.cti.oa. 

The wort of' i'Nube (12. ta} eltho~'!-1 it does not uoesa1J.r1l,1 

p:reaoat addit lo.nal intornw.uon eu, to tb«i a.peetrs.e lnt:1'4 ell\llar 

uehord.a Gt' MNGtiG ot1cn, s hould not be Gllltt-4. t'l"'-f;tu.be pol n:tet oa 
t .he nla.Uontth1p batwQft onpl Usr.;, c.ot.tvi tY mnd •reoe-1•• ln. a hcaolo-

pu tttn•i• ct oheifh,i l aompoua.d1 l t p,o,nm thnt thcffl> ®mbe:m of the 

ael'ioo which h ·yo the gi111eteet ab111ty l o ffltproe• ta aul"f8ff tenet on or 

f.\queou solotlons li laO :potlft!HlSG th iu•steet •root1e eciiivit-1 • 

.f;i.n.other p.hent'Wel1<m. whten eppanmtlJ' nae • coal"ing on miNotto 

e0tton but 1ithlotl dcea not explnta, ia u apoo1r-to atUlf)r, the Mdo ct 

eot t on hon been presentt:td .tn ta · · yer-0¥-onon. theOJ.'Y (u .10 >. Tb..18 

tb.fto:r., •• advuoed by both Meyer otul Ovonon wb11e world.Jig We:~11a1tnt• 

ly. ~ee work1nu believe tlwt Atl i'COtiu eun t heir obl•t •otlon u:peu 

tbe eell• ot the oeatml nanou nya\ea b¥ virtue or tlio t ot taa, t.a-r 
an ukwn up by the oell U1>01ds such • lo:oith1a ant.\ oholutenn • 

.iiOCOrd~ to J.aeyer and Overton• tu obanol rlstlo ,l"O;erU• ot 

aneotbetios inc~ wit h •• 1110.Jetui• i.a U poS.4 eolublllty tn'td 'llll&ter 



insolub111ty . ,'.\ t the present time 1t is t1-ee:a.ed tbJlt the 

Ueyer-Ovo.non pheao., •non ahowa how tho brd.11 cell mBY bo reached 

but does not tho epeolf'ie act loo on the eel.le involved. 

More re01tnt1t tb re has been tonde-t1.oy to conaider the 

epee:ltlc CEtllular iat'luence ot narcotics 1rl the 11.eht or what etteet 

they •v .have upon the oxidative mcrtaboli c prooeaaes or the aene 

cell.a (7, ll ,1!•15, 19125, ,at, aa ) . The uph,yxial theory •t Venom t12.1e) 

aerve« aa a predeoeesot" to the more aOdem view. Verworn theor1ze4 tllal 

cell UR4or tho intluenee er a .01u•eotto loN8 1ta &'bt.l1'ti to take up 

and store o-q-gc.u1. The appoanno• o-r mt bollo 11.r0tuot1 which wer 

u.sually- ccu•r•lated • 1th a ,Pl"OOMa ot tnooaplot& comba.at1on w1\h1n tlw 

e ll , na•l1 , acetone and 4ct1c acid, •'-PPOrted this v1aw. VGl"'ffon 

tunher sue;1;e&ted that tho et Ollie ~Ntips wt thla th• eell, wllioh ttft 

eomut1"1'184 wit h tt1UUJferine; CU1's en to t.he osll, my ifflter lnto "· l.ooN 

ohul1oul union with tho aneathot1c agent ttnd tluu-eby hbldor the uff!d 

oxlde.tbe prcoe t!i • lt •e a.lao shown th~t auh aotlon ay take pleoe 

in aD,1 oello ot thtl bOdy , bUt tllAat the eelle or the are ea ... 

peo1all.r sensitive to a l eok ot o.xygea and ere depressed with a muoh 

lower ooacan,:ra·Uon or the mlroot1c than ta aoceasa.S'j' to depresa the 

n rves and i\'ltlScloe . 

Alth.ou~ Verwo.m•$ theory or n~rcotlo aeUcm ie not a 

speoU"ic as the modern view, it ie to be romi bend the\ Verwora 

prosente4 his aaphyxial theory et n time \1ben tho mechanlM of cell• 

ul r o:xidet1ona re, l am tull.y ~nown tt~ they are todat . 1, nppean 

to t.he author and others (U: ) that lndN4, tho oonoept ot O¥y"go 



aeprlvatlon · a e long step leading to tho current poetulnt1ou CQJl• 

ceraing the 111ode or ectlon of naNotloa . 

objeotion to Verwom' o tboor, , milch 1s ou.m,:aar1zed. 1n 

tho rovle-w ot Henderson (l.2 ) , •• tllat nuroosle ooo.ld 'be 1nduoed 1.n 

cell• o•1"1"'Jing on. an neerobio typo or u't•ball--. Yor ••,unpl e , nilU"'b\u"g 

e ri,4 W1es•l (la ), in 1911' ahove4 that r•a•t t mtmtatio.u •• h1ndare4 ba 

ti.. preaeue of n«troottca and Veozl (U ) 1n 1918 bl'OUght about -anesthet1• 

ze.t1M or 01)11~ toly flnaorobic 'ba4" rta . Boever , the tnowl•dge that 

m1u11 of the O"Ki h tive prooessoa of the l1v1ng cell do flOt eotu.all.y lll• 

vol'fe moleoub:r •~t~n (9 110) makes tho beliot tut Mreot1oa genenlly 

1nt•rten with cell Neplre.tory processes are touble. 

Adtt1Uomil ev1oe.no. tbnt the re.spirtttory .ectt.vity or the 

ecntre.l u ffOU 01stem 1 · reduced dur~ nareo 141 ns presented 

MoOlure .!1.!l.. (12 ) . 'rheee wor.tore d8"monstre.ted that &neath&eie 1n. 

~nlliftl , brout;~ht about by btirbttu.rates &nd other narcot. ies pi-oduee4 

anoxie (oxygen detieionoy) . J,lso, acoordi.n.g to Shaw .!.1.al ( 23) , ether 

aneathuia is uuiochtod with a decroose ln tho 41.ftennce bet••n the 

oxygen contents or arterial and Yanous bloo&e. 

In 1938 lowett (lo ) dC40Ua'trated, by the ue at the bre.ln 

slice toohni.o W1d MnoMtrio thoda lo,at), th.nt quite detin1t• ialttb1• · 

t ione 1n the :re~p11'8t1on ot bra.in eort :x tissue tak• place in the pl."ea•nce 

of 1u.rtot lo.a at 00110, n.trat ions ~1oh pro4u.oe nn.rco ls 1.n an.J.ws (aowt 

0 . 001 .mola:r) • The substro.te or m.nt~n:1al oxidl.wa. by th ooll• l n th••• 

studies mn eithel" tiluooee or eotta com.pound beU.e-ved to be taportant 

in the oxtdt1tiT& bne.kdown o.f uluooae . Suoh oho1oe or subatNttaa 



--
tit• tho fairly well est ablished faot t.b-.rl gluooae la the main eub-

stl'ftt• ot tho b~1n ln tu. l1vlng ~l t a;1) . lt ie true that nap,,. 

oot1ea nsn tbe abU1ty •o 1ah1blt ox14.n't1oa 1n tiosuoe other '\ll&ll 

bntia , eut tho :ether striking eotien ot low oonoentnt!ou or naroot1oa 

seoms to be limted to the 1oi'b1tion of eugm• eye:tMB wb.1oh play aa 

lmt;,ortrrnt :rolo 111 oarboeydnte u\enllem (23 ) . 

Proooei1ng on tbe cY1tl-.noe thtlt •111 Mroot to, ex rt their 

phyaiolo1.dot.l action \:.y b:tertertng w1,11 som pha - ot glucoae metobo-

11u ia the central c.enous ayats, iA1cnaolu o.nd -aisetel (17) , m l 41, 

oou4ucte4 e se.r1es Of 1.lwest1e;ati<ms by wb1oh they were able te looat• , 

within lim1ts 1 the portion ot the gluoo11e o:ddatt.021 ohatll which is eote4 

opon by same narcot ioo . tratne; rat or guinn p~r \n-a!n cortex sl1ooe u 

the oxidizing tla uo tind ohlontoue (tr1ohlortert1ar/ butyl eloohol) 

~u, t}1e neNotle $t c::nt , theee worken found that the oxid,ut.ioa ot glucose. 

l ucrtate -and v.1ru:,wte a 1nh1b1tod whll• the oxidation ot u.utoinnu we.a 

not . 'rh y he.ve postuletea. that t here a.re t.wo JIOS.tible .J?Ositlona whore 

nal'tH>t 1oe a,,.y brill£ hou\ their 1.nht-iUag etteot. Tho loos tiea ot 

these t wo posit1caa 1· b<u.11t ••• wt,h ta ul d ot Bell 'a 1ohome (l&) 

or the ox1det1on.nd,uot1on q-stema im-olvod ln blolOf;ioal oid4a.tiou • 

ut1llud. by Grieg (ll) . \"h:1a eoaetd ehon d1og~t1oaUy bOW the 

oxi&it lon or the ut,atrate is though to tuke place WI •r aero\,1o con.d1-

t1on.e. laitittlly the nbatnte i• uid.1•'1 by t)ut rel110'ffl1 ot ltydrOflft 

and the bfdrogen thua l'ffltOTe-4 ulU.Dt.t elY unites with meleoul.a:r 021G• 

to rem wete:r. Th oom.pou-4e 0-otina wtthla th• nt - tln ot the !lain 

aw capable or unurgo1att Nduot1on a:a.d Alediate tb. ox14e\1oa or the 



aubetrate nd the tlnal reduetioa of molecular ox1een. A.i) the redaeec! 

ror.u ot tM 1~terme41ate an u tum n11il1ze4 the, a::ro oont1J:UIIQU, 

l/2 Os + 2H - HzO 

T 
cytooh.r01H oxidaue 

.. rcot-ic 1tlffna1-t1v• l 
reg ion ---- oytoohroolO a 

f 
cytoehl/'QQO e 

f oytoot....,. b 

• • • • • • • • • • • •. • • • • ll 
Narcotic o n11t1v• rr1aYOp.rote:ln ' 

region -----~L j 
• • • • • • • • • • • • • • • • • I 
CO&j'MSO (pyridine nu.o1eoU.du) 

Nureot1o S.nseuit1ve l 
regloa ------ d•h.v~.._'laue 

1 subat.rete 

t h11ir tu:tttou Qt •Uher poiat l or po1.nt II. .A.n &tree, at polnt l 

would tiloek the tre.ator of hfdN>gon t•l"0.11 the .l\Vrtd.1ne nuoleot14e to 

tlavoproteiln m il111 an effe-ct at point 11 would 1Ablb1t the tran.ator 

Oriog , working with aeabutal nn4 chlorotoJill e.s i nb1b1tore . h s 

e:xt aded t h1s baa1e i dee. . She lulS ahowa tho.t tlw:re is no aoowmletion 



o:t bf4n>$8ll transter trOltl oo~Aturo to tleYOJrota tn 1n tlut preune-e ot 

urc-otlos att.d th,.:it w.,ireot1os do not inhlld.t the o:dd8tion ot suoelnate. 

In S\lli'atiry-• Grae s~el!!tl' tmi.t thfl narootio :tnh1bUors Be'lecthel.1 

hinder .t he transfer cf hydrogeu by ~ytoe.hrome b Ql.' by some oth41tr U'kr-

med.1et.e wh1oh 1e sWl~r to c1toahroa b. 

Philpot (.al) U.$ eho,m th$I loon.1 sneathettaa SlllCh All cc»oat.no 

a.ad procaine lower tho oxibtS.cn Nt& or l.lvtn:• tissues rcapiriJli 1n the 

pre.aenoo ot edrenaU.n& tind trcm t .ttia ,oetul&tet11 that Do.lb portion of the 

oytoo.hrome o systc..-, 1a •d'teotod . 

'rhe ont,qme 1stem involved 1n the ox1datioa Of eu.oeinm'\e• 

ne.mely : tsuceu1o '-•h.Vdx•Of:.t•ca•• or aueciaox.id s•• has no•1Y•l'1 oaaidel"• 

able att•ntioa t:om lnve.&tigato1!'$ (U. 1'1) · who al.'Q interu~-4 in J/1$.NOllo 

~ct ion.. A 15'\ated ProY1:0U811, t hu *1121Y• ayne.ll 1& tbmught 'to M 1DCJen.• 

si.t1Tct to the eet toa or D.£root1os 0.1..1, ). The enrvr• de.bydroge.nat•• &ao-

otute to tw.raw p:-ovided a bydrot•n uu,h,eptor ts pl'leseat (i . s ,10, aa) 

end S.t the l~•tdro.nen aoMptor u oxyg,911 Str,u1\l (22 ) bellevee t• aueoln• 

oxid1u,e •:vstea to be ot:>JqO,sed of the tollo~h\g a 

Oy~ocn.rome ox1das• 
. l Cytochrome a 

f 
Oytocll.rQtd o 

t 
Unknown taoto:r 

i 
s ucob1o tt.hyctn,gonaae 

Too temtnolOQ" enoeu.nt-ered 1a a d1acusaion of the G'bere 

systa eppe11u•a t.o be wn,guar as the ten l!!P41J\&9. A!&~II may 



reter to 1th.er a port i on or the nyott.'IZ or the syotem in ita entiftiy. 

lt is to be aot @d tlwt s ,~u'b ' e cone ptJ.on or the suodnox1~a•• aynom 

oonteiu no eytocl~~ 'b wt rut.tun· tAtl u.nkao-.m t•etor which trrmsr ra 

hydl•ogen to cytool.f'OO'IG o. .t-.xel:rod, Pott.or, imd tlvehjem (£9) 'belleve 

tliUf; o.ne o:- more oOl'ilponents of t,b.o .suco1no.d4a&e ayst&m are fl.~vopro• 

t 1na. 

An ea.-me eyatea whioh t be al.ll'lilar to the auceinoxi4aae 

s1~t• le the tort111c dchydrogenue sy;rto..m. Moot ot the lnt~t. :Loa 

eeneemi~ ton:ito d.eb,ydr0ttenase has eamo trem. t-kle work ot Gale (12, 21 ). 

"rhe CU%ifM :ls ,gene:t·all.r l'GpOned. aa being f oWld i n }ZJ!Oh•.£1ph&t; Jl!.tll 
and poa ssos tho ability to d•n,1d.N>£;onnte tort1W.te a.a tollowas 

fomat•---- oarbon d10¥14e + ,e h14rosan 

Undor a-e:robic oontU1ou tho hydroaea ta t«tkea up by the oytoahrome • 

eytoehrom oxide.so syata. 'fhv omct oo.apoJMmta ot tb · oytoohro.lll• 

syettMA involved 1n thti o:x1cl.ut1on. or rorm.~ittt nnd t.bt etteot or oorcotloa 

W1 the .w.,nem. ha• not been regorfa,d, 

The ajor portion ot the studios to d~te which have dAl\ 

with tho ett"eeta of narootiqJ#J cm b&>eter1~ lU1;V<1 boen cone rnod 1th the 

lwdneecent bti1oteria . ~t!)v01•l itt'V'e8'ti~ators (13, 14.19. ~0) n•• eploye4 

the ruiaya gystem responsible i"or baoter21il lwuuseenae ( luoiftu-e•) 

to study ll81·ootics aa 1nllib1ton of oollult:1 r activity • The on::; a 

"8.king p0rt 1n 'bn-eter16.l luminosconoe are qui'ttt 1euitlvo to the 

proaenee ot narcoti«rn nnd havo t hua provid.ot\ a bes1o :for rooea:rob a 

to the spl!fcif'lc tr,ium r 1:n wh1o.h Mroot.100 •1 iueoti eto enZ!{&Gs. 

, l).Obromol;!O;ltr ruoherd (&ot.~riWil phoaphor,,tt•M lndi49n.w, ) an4 1hf)I• 

!M:12t9rJ.g ru1.04rn~:rr HI (l%Jqt•rtum pho1u,honmm) haTO been. .,ud1 d 1.l'l thia 

eonnect lon. 



lt is 'to b• JtOted tl»st \he physiologist , ld'lo 1• today 

h:11-e:reate-d in -'tho1·1.ntt into.ration concemi. th~ a1,01iitic mou ot 

act 1on ot naroot1co otten 41ncta1 h:ta aitentloa, 1n oru, mam.mu· or 

another• \omtrd tho e!Uij'atio I .VBt411Wl aen l'ftl.1¥ \leli•vod 'lo be ttctiYe 

in blolo ieol oxidatien ot 81UC06o. iioN ~pocUioaUy tae geaeal. 

plan ot atuu•·k ona invol"f•ea ao• ·tealm1c · 1 oaaa f;)f wh1ch a g1v 

seg.ment ot the ~u od.&lt1Te aoho.M •1 be taolat 4 ad atucUe 

'1tlM t he pc.rUatllar ng111.ent 1• taol.ato4 the problM l8af then be oae or 

ooape»t.Qa the a:ct1vi1.J ot the •~t W14or aonw.l eBYil'OBlllOatal. con41-

t1eu with 'tbe aot1v1ty of. the e~'t opemttn.s ader the 1at'liM'l'lH ot 

the rootle ill que• ion. 



Ou 11pp1-0&1.1:1n to tha :i,roW.u CJt \he Aliiutht..n.~ 01' wwsthotlo 

actiot. ta th.N>U-Mb. a stu~ oi' e•ll nspil:•tion u.~ t!lllmontaUou ( 'l ) . 

''hti beet-ed.el cell ls .relc1.t1vely Ms o ,ll1iJU.1)U6t 1Jl the la.~rotoJ."f 

and poasen a tors. Of IAeto.lx>llea aie.h 1a t1•iklnd¥ a1-Uillr to tho 

type ot ,-At;abolism !'owd in the eella c,f h!ib1ir $111-la . 

'rho p1"ttsent 1.uvosti66t1oa was R.nied wt to det mi• \lfflilt; 

ooaeeAtl"fil.ti.ona ot eerki.D t1nesthetic agoata- are ret;.'UiNii \o r1D6 

•oouii 4\ notioe ble 1ab.1b111ioa or the n•1>1.rut1on or ,e.ag1;J.l.M ,gbtllJ.t • 
lt th Ol'£Uiaa, ns allowe4 to napil"O on ~lucoa• • terioote o.nd auoowte, 

au.oh • 4f'nrtoty of aube":rete1 •Oul.4 pemn1' the tudy of 'i-h• laOtion ot 

eev•J'fll e1u111me system under the i ntlwu1ee ot tha anesti:.tio G.Gonto . 

The N&ults oou.ld thcin be oompnn,d with. the .OS ot other 

1nv itt1gutore (11, 24 ) in which tho respintlcm Of eeno.1n ~llan 



llanoMtrio •tb.Od.e are e:n.reaol.r uaoM t or qu,ant1'8U.v• 

anel.ytte l work in htoh it is dett1mbl..e to ••t 1• tho e:xe.bange ot 

an molved 1n cliem1oo1 end. b1olo,r,:lcal Nftat1ou. 3ffoNl moditl• 

cations ot r.aenomel r ic instruments are ~all 'ble ror detealnatioaa ot 

t.b.1 t ype (CS, 29 ) • 'i'be ao4U"loo.U.on know.a as tbs ' ~rbu.z,g J"e8pll'OJ11Mel' 

(ue r~ 1) is one of the · ost en•naively used. 

Tho thooNti l aape ts or the We l"burg np ratu haaTo been 

~•~Jd1 oovere4 1.n the liuret\11'9 (8 , 29 ). Br1eny t hio 1nst.nuism 

ia a oouteat volll.lM type r:f :rea-pf.rometer oonatethlg Haen:t1ell1 ot 

a gradUAtttd U-wbe ~t•r ~nd a .Ntaotton tla.sk. 'fhe lett-he.114 

portion ot li'1.{.;\1l"e l sllOWa e. tl"0nt •tew ot the ~arbure reapbomner 

while the rt~• 114 pol"tlea depiota a ei4 .· view or t he aano ap ratua . 

On eu of the mbno.meter i o,on to the au.oapho:re will tb.O other &4 

ts . ttaoud, tb.l"Otlgh el'O\Uld ale.ea jotnt , to th• 1"4Hlottoa n au:. It 

ie nlao provided with a rubber 1'8aoffolr on4 so:rew elusp armngera,ou,i by 

vd11ch the 1"el of t;l\$ .ffl8BQl4.ftrl0 fl\li4 • 1 be adJuete4 . 'KhM t• 
nsp1Nlr'iAJter 1s 1n •• lt is ttaehed to a •tu.1 appU."Ei'tU and ater 

b~t b in woh • naJU1&r th&\ the reaction tlar:k 1s enmpl&tel.y !P.aened. 

t"he •u1omct er 1s not immore••t 1ft tho wa ~r both but 18 an the ou11e1de 

or t he wcter bath tor goe>d o'bs•l"V6t1on or tho man.ca rte tl,d4. f be 

wuter beth provides a me<Uu ot oonet,et te.mpentuNt a il• the aha.king 

e.,pantua s, romotes re.p.14 exohan. e between the l1qJ.li4 an4 a phue 

w1ib1n the reaot1on t laak. 

T.be operat 10n of th• We.rburf& roaplro. tor 1a as tollona 



0 



The ree.et 10a tlaak contnlu kmnm tullO\mt et lS.ijuid. in which 

• roeotion tekes place. The naot1on 1n question prc4ueee e1 ther en 

noluttou or e'baorpt1ft of a 1u. The mepit\i.de ot 'thle aaowit ot rt•• 
l• dnend.aed bt NHidUl.6 the lev 1 ot the mano.raetne fluid beton anA 

after the N«iotion takea pl.ace. 

So that each Nadlnr, may bo made at eon.nsnt volVAW, the 

ot the liquid 1n that etde ot the lllUlometier which 1s oorm.ee\-4 with \be 

r•otloo. veseel 1e Ill Y'O b~t to t .be fl!ffllle sb'ea pol)n hanally the 

hftl.t and by tooa11e ot the aor-ew •.4justMnt. OnJy the i.e.el la \ba 

Op&Jl sU.e Of t .he tJIUCWti't•r ta reo.4. 1'h• tUfterenil)e MtWNll the bet re 

ani 'art•, :read.ingtJ la due te tllo ehollg 1a pressure w11ihla th "HlOtion 

thak. 

The eqnti,on ua•d tor tr» caloulatioa ot the •oltuli8 ot gas 

UbeJ'Qtec! or ""•n \lP 1a 

X = bk 

s u the lt.11.0unt. ot pa e·volved 1n cub1o allll• 

ut ns (c.m. ) at n.offllal p:resnra m.ad t•pe•-

ture t,eo • • an4 oOo. ). It tbe pa Sa al>sorbed 

z will be n tive. 

h le the ••n-« clwlge b \ho l!H.41 flt ,a 
unometer 1n aiUS.-t••• 

k la ~he ccmaMl'li ot thw appft•h•• The eonatant 

ot the appe.rat-ua , e;enonlly known as tli tlaa.k 

eou•nt • 1a moeaary to ocu1verii tlu. ao,1n.tel. 

thllqo 1n manaeter reading into velueMt or . •• 
The 'flllUO &t k 1 depe11dent tlJOll the OMl'&Off~ 

isttoa or the pn.n1 l fir tlaek aad Ute eondtllcu 

ot th~ experi:nant . 



A detailed 4erivat ion or the .torltfJoin.s equa.tiori ll1l1 be roun4 1n tu 
111an•tun (5. J!t ) . 

The oal1bl'Ut.1on Of tho- tlppaM'tJWS t which g hc,a riee to the 

value of the · ppan.tus oouatant k , can be de4UOc4 b1 thl."'e awtho4s (a9l. 
1. By oab\ll1Atidn tro the t'ollow1ng rormaltu 

k ::: Vg,,. + 'It a 

l>o 

V g 1• tho volUt.le or the «a spate. 1n t!1e N otton 

ti.ax . Thie volume lncludea t t port lo JS or tbe 

nometer looa"t d betffiton tll8 reoction ri. k tt ... 

MU' and the 14MO-Mt rle tlttid. . 

't 1• the absolute to~ratun ot the water beth. 

Vt lo the volu=w ot tlie l.1q'l114 la ,he nuiotion l'ltlsk. 

n 1a the eolubUlt1 of tho &as b 1q uured 1n tbe 

reaotloa llqu14. It la the eubio milllaetera ot 

1n Uta re,.u,U,o-n l1qald en. th• llqu,1d 1• la 

equtllbr lwa wt\h a parUal P"•ffllft ot th gue 

equal to P0 • 

PO in the n.cnial S')WGsure exprasaed b. t•:rma ot 

aometrio tlt;:tld. Xt D 1a the dmwlt1 ot t• 

ot the ma.llOffle"'ter obserred. 



3 . By 11bont1ng or nbaor-b1ae; e lmown w.itot.tt1t ot gas in ihe 

v ssol b1 .m.ew:is or a known o.be1:ttl<ml N60t1on. 

In these studies tho eppa.Nt\ll oo-n,1la.nta nre detem1.ned by the m bod 

of ot.ltlllttt10Jl,. 

nu; PZI'.&l~i,t.N.,ttol'I .9£. o:rt: ,:rc.t-r CBf§ tiltfi}Q]ji ~·J.l ox,e;ea eona'Witptio.u Talae1 

wero a.teminod by th.a 41Not 11eth0d (5, 29 ) . ln tho cUJieOt method a~ 
!00 ie :plaeod in th& ~enter •ll ot th.o reaetion flasr,s . The alkali 

alhsOrba the OGl'Mll dio:dt P~@d by tha l'O:l ,Pirtr.,«. cells tt.nd CaJ" 418-

pl.aco.ae:nt ot the Ml10ffietzt1o t'luid is then duo to oxytion o<m0umpttma. 

Thia 1e b-ae&d on i-he caaumption thlli.t O:)l;f~c~ :.tf1'~ c:;::r:tJon dioxide an t.he 

onl1 two f':asius involved in th& nspirato:ry aetbtty of tho oolla whose 

:metabollmm. is to 'be itudted. 'f~ J/'Gladin,; ot th~ monom.eter gives a 

direct :.1oamira of the oxygll?n couufffl. Only OflO tlask ie .hOoea-nry tor 

dotemlnlag tb~ oxy~1.•n upkk"O by tbe di.net motbed . 

'rftE Bm!HMI~A'tION .9!. C:MtooN DJ onn @§ly~'l'Iot3 The d lNOti .Qllthod of 

eal"bon. dlo.x:t.ae mmsu.NHilD:Ut (5. a&) was adhered to t-h:roughoot thla wort.. 

'Thi.I l!ltetbo4 requlNB th iu,e or t'flO· thll.OMters plwa the OOOQffl])Uying 

r.M.Gt ton t l.n•k• • wt th the e»aJMt a.mount ()r reep1r1nti; llat•rial in •oh 

fleek . tn 1rme flask th& oxygeh uptake is dettorsd..ud d1:roctl.,- by \bo 

m9thod cU ouaH4 a~e. ln. th• noond tl.e.ak the elkal.1 is l•ft wt et.acl 

the l!laDOtleter Nttlldins le 1atlueoe4 by 'M\b tbo oxygen con&\l.llp'tlo and. 

the fl&rbo,n dioxide l1be-rat1011. 'tor pal"f)O&fHt •t explau·tt.aa. let th• 

volue ct ox,~u eonswnftd ttt,t" m.i.it tw b<t equal to X()2 nd ttiAt vol.11111 

of e-s r'bon c. ioxitto llho~hd to:r th• ecmo period qnal Xo@e• Tb.1t l1b6n• 

t 1on. or x001 ghos lllln cbiH,ned obQ~ tn the m.nom.ote:r l"'Ndtn, 



•t•r with alkeU. pnoeat , to2 end t.oo2 U't> known f N)lll. cu,Ubratiou ud 

b 18 OW!JIH!''VM, it la poeoiblo 'tO c:ml<tulat• ·®'J• 

atel" bath ltl.Qng with. tho •xp•ri.mental Nsp11'0tleter. Tho themolKaro• 

ater ta road 1then"ver tho other reep1~tere are r ad and Us :n&d!»a 



Olll.ibrstle or th rbul"g n .Pl tera 

In order to datemtn• the t'laek oci:uit nt (Jc) troa the ••• 

le: - 'i .!f!- +Vt• - ; 
0 

1 t ia aoce11siu··; to kno the Y luu tor 

V8 , f , • • Vt IUld r0 • fhue fllueo nmn1n oonetan't for s gh'an set ot 
oond 1 t lO&fh 

The 'faluee tor V 8 tor eaoh of tha 1nd.1v1tlu.al reep11"0ffle\era was 

deter:rd.n-4 by eall'bntion with · · rcw.,- aeoo:tdl.~ to tho proo-.uure out-

lined by R. n. Du.rr1a fog) • v8 la tho au ot the l"GUt lon t'la&lt volume 

(x ) • the volwae of t.ho dwrtr•d portion ot the :an=eter <, ) , n.d the 

VOlWl!e or tho gNdUlit•d pert ion ot the right llmb or tbe AMtlMWl' 

t we•n. the 300 m.. and 100 • • · lies. The Tolw.s npreeened. _.. J:1 y , and 

Z. wen obte.1 4. by f1111ug tho Yariov.s ,ana ot the ap~re.tua wtth aeroury 

et knO'llm tempo:rntturo Md wei.r,;M.ng.. Slrus• 1ihe de:n1,1 ot Mll'OUI)' at 

Tl,• det!m1nat!;~ni ~t. Jb. :r.9:qti99 t'.l ak TQlwau. Th• •ld1' 

or the •rcury required t J.) f1ll tlle reaotioa tluk •• obt S..d by wtah• 

tn,g the tlask 1n 4.uoe,1on beto:re -n4 enar t11llag with .-re,u7. Tlw 

v,alues wsed to ea1ou.tet~ th re-aotio» tlmak volW1Ws nre round in Table 1. 



Reaotloa Wotg.b, i.Lth, , - i ' 

·•16.tht 
) . !J 

Flalk 
Fl ~uak ~·l nsk 'ffla11tk or Yoluaa !Ma, lgmtY ' J'l lle, Mir.at/ 
1 M . 04 P • :2s1.v• P • 230. 70 -· 1'1QQOa5 

2 a~.h 261. 51 243.Gi l.8020 

5 25. 59 eea.,, U'l. 98 1'15'0 

• !?5. 01 861. &e 8'8. ?? 17410 

t> ae. o.e 85' ·"' 221. ,, 16480 

tl 31.. 3 ? 259. 2' m .to 15370 

'I 26 . &e 254' . ?3 t:to. C!\ l.~000 



ln t.hfi bore of the .nomoter 1t tho, exist _ d. Vnriatiou N negligible. 

'the Yalu 8 for tM hngth ot tb.• tolw:ms 1f(IJ'!e me.tlSUNd 1>1 -- Of the 

Table 11 

.i,Vtffi~ 
?atanteeter Length ~-ight Volwa Crod 

.M\1mber Mercrury ot ot sec,1oal. 
Cpl.QM Me£9Nf Mtnmrr A£e 

1 Ul. 611a s. 4814 -· a57a1 J..fQna2 

2 203. 1 6. 4368 401 1.98 

3 131. & , .oio2 22' J.. 'r.l 

4 105. t a. ia&t .158 1. ,2 

5 9.e. 1 a.4Mt 18' 2.00 

6 96. 0 .2. ,605 20& 2.a 

' ta.! 2.ese& 1110 a.oo 



a1-ea. l ,s etartsd pro.v1ous l y all volwiaoa wore conta ined. he-tween the :!OOaa 

and 150& Ant rks . 0~ 1.cul.ut1on values utii reaul:h ~ro :rowid l n Table 11%. 

Tabla Ill 

... ui~h I, "'I ' ·-fol\l.Ole et 
iltAll0.1'Dt ~ 1" or Or0aa Gr,. duatea. 

N'Wl\\HU!'8 sired Seetlonal (ltK) • ~O) 
:Por t 1.o:n Area . Por ~lge. , • I 

l l 5Cam l . 70ru12 nor;. 01as 

2 150 1.os 297. 0 

$ 150 1. 73 230. 5 

4 L~O l . 52 u s.o 
5 1/SO n.oo 300. 0 

G 2.13 :111. a 

? 150 8. 38 342. 0 

out by a.n 1ndil'Oct. •tho4. length nd weight -.auromont• wan t •a ou 

Ul'OW'f ool~ which xtendri fro. SOM point on the s nd.u,t,\'8d. soale to 



previous e-nlcul~t tans sn<l th. l~tth of t~ sop,J-Wnt or the ooreur., 

oolatlla 111- in the g~d®te<!. section ot the mtanataeter waa ae.-a\miil>le , 

1.'lllble IV 

Length Volume Volume 
M4mom1; tr Gf' l e1&b,t VolU111e or ot 

Nube l' ~· nw-1 of ot ndu~t•d tl!l$1"'44Wiwd. 
Col~ . ~g;;o,u.q ~;;·ow,·r 

1 
f'ort1cm " ., . • J2•"i~()• -

l JG1nt. 87. 0flrn .'l:4rk: 6. 53&6ga 4:66. 3.nm.:s •v 
E.t . lm""' 446 .. a.s 

2 joint , "" . G 10.1;.;~ '1<t!.8. i Wl. 5 616 . 8 

e joint .. 19:Z .1 10. l53ts 7'50. 4 l2th7 &ir:4: el'/ 

4i joint ~9'1. O a.,45,a $~5. 9 HW. 6 468. ~ 

5 jolat- 218. ~ 9,6465 •112 . , 163. 4 M9. t> 

6 j olnl-294. 6 6+509'3 481. 0 llef> Ht. O 

'1 jotn.t• i l4, 0 u.~ ~9. 4 196. 1 6~. i 



~l.le dctc:ndqet1on !£. th . tot~l t'tHll \~ipor,.;13t~! Yol.Y,!3ea. Th~ 

total ~ip1l"Or4Cfter vo1.w.G wt'>re oQJ.c,ulnw~ ti1~ t«:.kinf; tlte mu1 of the 

Vol.one Volume V'olu. 
lfemome1er ot ot ot Tot.ftl 
liwlbor Grod.u.ted U}lffra:dua t 4 :tUN\ctinn aenp1roater - - I-g~l()!\ 

' T'21-tl,~• f laak 
1 l vo.,iuee 

l. n~ ·4,t,...S 1700 1ffS1JlllS 

s 29' 617 18020 latM 
s 260 ee 1'1690 18'75 

• 228 468 174~ l.81£6 

5 300 1'50 16980 1,ao 
G 5t0 i,o }:j570 l&O~ 

'I 5'2 455 16860 l'IMO 
. , ' . ,..-.~~ 

let.1.on ot the rusk eonst•.Dt •re perto~d uceording to t he DU(B:e11tl ona 

of' Unbrett (Ut) . 11 bns bfM!l etl!l.t-&d P,NYl0\1aly th.st tlie tla•k c0ut,;nt 
Vg .21~ +- V:t5 

(t) la equt1l to 'l• e;21d it h po fllblo to 1 ui..ie k tor an, , iio . 
nt ot erper1men:tal ctond.itions from the e;cpreoe t on iven abov•• liowye.-, 

1t is conven1on\ to e.1, r tho conetsnt (k ) tl"Om o o.:a:perlJalmiell omM'li• 

t l o». to another w1 tr .. ou:t .NOalou.l.,rttina the coaple'io expr• •1•• UaoNi~ 

.baa proaente4 a .-thecl tor odoulatlDEt 41:ttoront t cton to» UtteNnt 



t1oru'Jl fluid in tlte flask • tlu:i flask oonst1ant will ch~nso 11. 4•flhi,e 

W'!••u.nt . In t.tau ptt:per thtl value ot th18 ohanie is desJ.tneltei V1ooo ud 

le ••ual to • MS! f t l!l!l2A . h to be aoted t.Mt v100o don 
0 

not vary with the chnnctw11t1ott et eaoh 1-oaeti<:m. tla&k n.ad hence lt 
02 the a•• tor ell fhtk.e. U.11\>nit's YOluea tor- 111000 tor ~ei«uininat ielU 

lnvolY1ng oxygen oon~t1cn •• soao. ah&w "~oo to 'be -,.om, 
00 

~.Hnee wlw:us tor u1~ wltOB ca.rlwn dioxide 111 U.barated. at 

1000. wr• net avaJ.lo.blo U na neees•tu"f to ri:.ke oOID.J)le-te ealoul.f1ttoae. 

b was flnt 110cusuy te cualoula1e VQlU& for l!'o and 11. . In order to 

rrive e.11 i~0 U was noc.esaary t.A> aetemlae tho density or th• aaw.utrio 

flu.14 . t.. 5 e¢. sample dB tgbo4 1n trtplioa1i•• 

S.lllplo 1. . s .1a2t 111 

SUlple 2• 0. 1578 p 

Suple 3 . 5. lt596 8fll 

ia.noo Pb 1s aormnl. pi-a.aatu• upreru,e·d in tenu ct m4.U1Clil&t:rie tluid 

?h • 0 uala 760 x M!,oo 
V ' l . 052 

Po equals 10015 

1-ociue th4toe bXpe1~imtmts were c rried out in bu.trctn4 solu-

t tons at a pli ot i .n 1, was tt.bo u ••nrr to eortfiet for oarbon di oxide 



of ~v.bstitutinc the 2,tfoqtj e ,ralu$ Of _ {mud.I. 140 a '} w~wM r .!. b 

e rd.inarily used. .Johnaon f'tl.r'thb1· ata°'~s thti,~ equals an:tiloa ~pH • 6. 343j+ l 
A 

w:...o:ro tbo pl! h. that i n the r&not1G11 t'la#k dur1Jls th.a, ex.perl '4mt.. 

:Vt;:W oxperim nta l'Wl e.t 1t pl! &e8 and u ton,.perature or zo0c. 

Ji\!. = [antileg (pll • &.Mi)] + l 
Q. - =- [&u'\U<>i (6600 .. 6.3Qj + 1 

= auuo,: o.a, +- 1 

no U"' I -1000 

v ®2 
1000 

v"~ -l ·. - ~f11.P 1 . 
00 U 2 -lOCC 1. 161 

When using tho f'cactor tr1eeo it 1e neoesaary to u • a tlaok constant (k) 

baee4 on O. Oo-o. ot f luid beta« p.reaon.t in t h . tlask. ?b.enf&re a1ft4e 



l®l!l 

Value~ toll" osl.culation ot ko-eo ---- . .. . . - ·· . , 
i'laak 

l!l11mbf} r .,g le 0 . 0000900 - k W.-clJO• 

l 117751 ,.c X 0. 0000900 l . 598 
.~ ltttr:W.. X 0. 0000900 - 1.104 

s 134?5 2l' 0. 0000900 = 1.ad 

4 lBlOO X O. OOC()iOO 1. $5:0 

n 17850 X 0. 0000900 = 1.605 

6 16060 0. 0000900 - 1.,4'5 

' l.7835 X c.oooo9<X> - 1. 6-0f) 



Tb~ al'.P :tt· ,e»t« tnv~1'1' • u a . .ti cooowi:pt!en ere ca11,r:1-4 •• •• 

Z1>0 llt ·wi.th • tot1ll ~t ~.a • • ot -f'ltd . in tb . ~etioJ. t'l~ 1.o. 1 .• 0 ••• 

ot iieaotion aolu. tit.11:1 luc O. of :!OJf 1Ul1 o.~ etl1'tlon di:1xi • . . • l'.r~lft. 

Di no ·. ht flui.4 n,,lU;:,\& v#s ,.i .¢ • . it a •us · rt to &:ltt; ts1coo bf 
1. 2. fteli' . on t or o • · · en · 1w;,.-111ta; 

v1000 x , .a •c;,ula ...c.,oe, x e.1: 
·v1ooe x 1 •. 2 •1val• 

rux-tbemon, 

•--·VU 
Val. •· t o.I' oalcntlo.tiio» ot ~. 

k o.am Jte. ... -• -

1 l . ... 1r - 1. 
i 1.1°' "" e.na - • 
:i 1., - o-.av - 1.sat 

• 1 • 0 • o. ,. - · .1.·$ae 

.I 1. ,0 • o.a,e = ·i. 
& l."5 .. 0c.i,a - 1.Ut 

' 1,. .·~ .. o. ,,. - 1.s ' 



'rh &x1,, 1·:itn.t.mta 1n whi ch et..rbon di oxici volutbu 'Mle .m.eiunu-o4 

v. re _pertorm.ed. at zo0 c. ~i1t1: £. totel fl11ld volullle of ~i . O ce. 1n tho 

00 
k00 equs.la k-o-oe • + v1o&, 

2 

an.d i 
v02 C01 

UJ000 equal.a l1l OQO X 5. 0 

Ota 
UJOOQ eqWil a 0. 165 x $. O 

00; 
USOOO eqUttle 0 . 4g.5 

The rs».1 k00 tor tlte Y1u"ioua i"l tAok u-. listed in 'l'e,ble VII:t. 
I 

1hlak 
~ber ko-oo . -l- o.,os - k ®s 

l 1.~- + 0. 491 2. ota 
f l.. VM + o •• ,, - .a.1tt 
:, 1. 661 + o.,e - 2. 1!8 

' l.630 + o.,95 - 2,1 

l.&08 t 0. 418 = a. 100 

G 1. 445 + o.,,, = 1. 940 

' -1, lQti + 0.41§ - 2,,!il • 
'1.'able 1 conta1u t1p1cal ~• or o~gen C0!19Wlpti• as 



Tabl e U 

Typleal Yari& ton bo'tf!Nll iJ ll!'burg reupirout ,en. .Respi ration 
ot &.oUlua aubtili,14 0)1.yt\en oon,aum;pt lon on o.oua glucoee. 

Rea pi roster 'lwnber ,, 6 4 3 2 1 
Time 1n 
Mtnut.ee 0 8 Veluea la Oubio MtlU.metera 

A (repl lcat ) ... ,., ,.;, 

0 -lts so $1 80 31 81 at 

lU - 30 26 26 18 26 30 50 

50 - .6 ea 53 if, 31 28 ,. 
45 - 60 2' 10 18 30 28 50 

60 -'15 29 so 28 80 30 aa 
?5 -90 ....12 _. ..!9. _a ..J! ..a -
Tote.la 170 ioo 1"18 181 1,a 108 

B (replloa'te) 

0 - 15 a4 29 53 ao ZS M 

15 - 30 30 31 M 59 so 3a 

30 ... -to 38 M 30 &.2 so 36 

45 • 60 so 33 39 3S M 

GO -'15 36 ,o 06 ~o $2 a, 
75 • 90 ....a 4.0 - ...!1 k , al _. -
Tot la 116 no ao? 208 2.01 209 



1'abl.e X 

Typ1CGl mrutlon bet'flflC!ln warbv.q reap1J)O .ten. laaptl'Q,ton 
or J')eeltlM &b~!,11y, oanon 41~ l1berat1oa cm o. Olll uo_. . 

t•eptrom.eter Mltab6r 
6 z l 

, 'Tl.me 1a 
:Uinut•• Gu Voluatu ln Cuble lliUU.ten 

A ( Npl.loete) 

0 • 11 ., " 44 

15 - $0 38 36 .. 
50 - 45 ,. 38 ,o 
45 • 60 56 M 15a 

60 • ?6 28 36 ,a 
!! - 20 A ..Ji ...11 
Tota.la L109 219 2U 

D ( npl.iC!Clte) 

0 • 15 42 48 ,a 
15 • 30 36 42 19 

BO • 48 42 86 at 
45 • 60 36 30 • 
60 • 75 H • 38 

115 ... IQ .a ...a ..a 
Total.8 222 au 228 



· PEH1Mi/1f%'AL 

O}llJ".Nlp!f 'l'he orp1d.e1:1 WJe4 t lu:ou-t:;hout 1.h1s 1nve t iga.tion wu 

i!.fJ.ll.pm Wi!tU:H Koeb• ~ovy (T ma) • V . t1. 1. • No. s. Thi.a OfV.JllliM we 

selected for study- because U.s size Mkea it relatively eo.sy to •epaNte 

tl"'Otn a. suaporu.Un1; 111,tuid by c ntx·itwza \ion and it pc>ee-es es a h1i hl.T 

ae1."0b1c t7pe or •t~boli.sm. and 1e tllenfore utt ble to-r experi.monte 

which t»volv• ox1G;e21 oonsumpt i on. Thie etn.ia doe& not rndi ly tom a 

1 ll1ol~ 1n. nu.tri&nt broth nnd is thue suitable tor the Pl"&J.H' rtit 1on of 

uni form sus~n iona. 

, liquid ~e1.U.um . The med..1ua •• oaployed tor ear.t7:Lag the 

org,enism S.n toek and coa1i a'Md ot tryptone luooee-ext.rac-t - (;ta r (D1too) . 

Tho 11quld m.edlum w&s u•d to euppl.y t Mille ued in the exp ·x- ental 

rtms . The 11Qu.1d meti iwn w&.a a broth ht.t-YUg t.be tollo-wing OOt!l'!)OBU.lOJU . 

o. 5j Bacto 1,eptone (Di f oo) • 0. 1,t Baoto beet extn.o-t 4D1t oo), l . ~ pow4e.re<t 

gluooee (&.ker • o.r . ). The broth s prepared by 1osolv~ , tho oom,ponenia 

in distilled wo.ter end «1dju\1ng the pM to• Yl!l lue ot 6. 8 to ,.o. Th.e 

medium wee th.en pori i ened lnto 400 co. b$t.ohes 1 pl.n.o•d. ill ootton• pl~ •4 

liter Erl lll)\twor t'la ks f.l rui ,sterlU.-4 . St rlli zt.t lon of both ty-pee of 

media ffllS ettrri d out &t 15 pound• pn r. su:re for 15 .ml.nut s . 

'l'he ate.iwtu!'Cl butter soluti on •• a a l xiura 

ot 11¾1\ nd NGOH pnpaNd accord 1ng to the butter tnble g1nn by Clark 

a lub (a ). The final pli vnlue or tho buf't'ei• --•s G. e . Thia soltttiei>ll 

was used ae the ~uapondi ~ liquid f or cell euBpvnsi one nd e&ploye4 

ea ool•ont 1n the preperst1on or t he subs.t fflt and 1nh1b1tor aoluti on.a. 



prollt l'bti~ or "re$t1ng cell19 0U1;pens lone (30) or o,,o&UI! l)¼bti&ll• 
A fresh 11u1.tipoAO to11 w e pn1 rod for eaoh ron ao t h~t t bMt oolla und•r 

in'V'!stip Uon would ha.To a,p_proximt1tel.r the ~ b..l!'.11 l"f!lte of reap1:retion. 

Tho oolls we re ha rvested fro.A u 15-20 hour broth ou.lture by 

bottomed tubes using Inter Mt10Jml Gl1n1osl centrifuge. The oentrifuge 

broth wsa :required to s upply the oella tor & single expo:rtment11.l run. 

After dral:ning art t he ffll:Pernntant 11~"\114 t'rom t he sed1rl'i.eut•d. o.ii., a 

10 co. portion 0f etends rd. b.a:tf er w,in employed to nah dO\'ffl the s i d a or 

t he esnt:dtue-e iubu. to n,sus:pe ttd end t o we.ah t he oells . Thu procedure 

and the resulting eueponsitm ttdju ted to t~ d•a irod ao-no.nfu:iiatlon. 

Thim adjus'Ulent wa.. t ~o111tated by the use or e 1Ue11t WIIM!raQD: 

l1,ght. abze>r pt1on reat11llEC# could 'be interpl."eted in t erms ot aill1sruu 

of d.ry weiint or beoter bl p:otapla8'1l. lt \Mus t hus po dble to prepcu•• 

et~naari turbi dity a d.r :, we ~bt our,-•• i'urthemore 1i a1UJ po•s 1hl to 

od j \Jlilt U1e ooncentl'9tion or th• s,u11pcmsio1t to a d a 11•od velu by &e&uu1 

or t he equott au a 

conoe,n.tn~t1on 1 
oonoftnt N tion 2 

,:olwao s 
volwi» 1 



by evapo1~tin« to dr,nttaa dupl1o• te 10 oo. po:r:t 1on.s ot distilled water 

sua1;0tud.cnn end. wetgnirltt• T.be '1eigld,.ng vesiHtle ( 80 oc. be ken ) ruid 

contents nre nllONd to ei t- dry ill an oYen et soOc. f&r ti period ot 



au.oein~te olut1on instead er pl ·in but!'u• nnd t he cells and eub•tmt-• 

wen, eddffli to the rea<it1on fltl~k bt the •ue 2 oo. volu.me al.ml,g with 1 eo. 

of 1nhib1to:r solution. 07.1p.n daterm.ruittou were oart-ied out wltti o. a <10. 

at a .a~ XOH aoluU.en pn&ent in the fi+ lkali Ollp of the rMOtion i'l,utk. 

When r,lueoae or ro:r."r.nte were 1>rG$-&llt as substn\ea .$!1Dom.etrio 

Nltl.d lng• were mude ut 15 mnute intor'Yala i"or o p.iriOd of nn bo\.ir -n.4 

when suce1;n~ te wso the a.ubst1"tlt•• 1-eod.tngs were made ut 30 1dnut.e i nter-

vals for a 1,t;riOd or an hour f;Sl\d ono halt. h uU ooses when the rt.n l 

l'M<d11lf. wen tH'Jm:plotod thf.l r otion flnske were J!'Omov.e4 trom the aanoatera 

0nd. bro,.1.It.htmolblue indio~tor was added to the NlllCtion. U qu14 eo aa to 

che-ok fe1• any l 1.1 ~0 eho.~• 1n th$ pH (ebou.t o. 5 pH unlt) of the liquid 

::luri ne the courmo of' the r,.2eeous exch~.n.¢• • 

.Af't•J- t .he pli wu detemlned the tlasks w•ro cleaned. Cl.ean.1ll\g 

or the i"lnske wua noco11p1bha4 'by remov1ns; the stopcock grnae tram the 

q,retmd glass jo1nta •tth 1.ne~ine olee.111.ne fluid, r1na1ag thoroughly with 

tap water end 1mm rs1~. the flasks 1a a hot a q,ueoua solut ion ot Calson 

:aooor\11Qt to thfl ncom.'li•.nulat1ons or Umbrelt ht) . The use or sulrurto 

ac1(!.-.d1ehNi~te olea;:1ing mirtun m1 hflvo a delet.or.ioua etteot on m•,abolio 

etudift'W (.25) . Later the !leaks \fltN r1naed with tap ator en4 41 tilled 

~ter a nd allowed. to dr{. Ory in{". waa ftte1llt«.tod by u final. rinse \'!l1t.h 

methyl aloobol. 

,.;.uooee ( •xer ' tJ c .. :P . ) , sodiu torn2i~1i• (Deker• a C •. F. ) and euoeinie ac14 

( M«ll1nekro4t •a :Pure) . Glui:tooe nnd f armri tfi eolutiona wei-e prepared by 

'lffl1g!:i.1ag oat tb• desired Ufflount , ,U.as olv1ll4!: 1.n eta.ndbrd bu.f'fer aolut1on 

rttld. dilut i ng to tl1e de ired eonceJltrut i on. sucoin2t solut ions were 



prepn.t,lHl by vi$1;;:hin111: out the deal.red. qount ot suco1nic ucltl pl.ue 

eut'f'1-eient ~ OH (lltc1ke'r•3 c . P. ) t.o neutrclh,e the no1d tmd 4Uuttne to 

th• deatr d ~cnoent:ratJ.on ,,1th standard buttor 3olu.t i on. 

f/01:•ki.ng ooneentl"littlons ot the th1"9e aunt.ntea w~:,,e cooe:rte.ine-4 

by iallowlng il giver. cell suape1111ot1. to respire. 1n tile pree,enoe ct difte,ren, 

oono•.ntn,uons or 6uba,m1:• ..iad detel."fflin.iug the conoMtretlon or sub tre.\e 

which gei•e the ~;d ,:i.wn. Te.1110 of o:xyg n cmuiwnption per wilt ti.me . 

!ffl!IE® R SOll,n'l 01$, The 1ah1b1tox, OQtl)l<)Wlds inve U p ted W&NI 

1. Ohl.oral hydrste - c1:,0on( la ( baker•a u.s . i .) 

a. Ohlorutone - Ol.300(Cl:;)aOK (Park , l>ti.v io & Oo . ) 

I . Ob.lol'Ofct:m - O!Ola (Will Oorp. • Pure) 

4. Eth.er - (Oafft,)80 (&lur•a o.r. ) 
, . PottUiH11WA Oyrtn1u • XOR (.&l.k:er• • o.;. ) 

6. tirotho.no - HB2aoae255 (Merok ) 

"Iba oola.tions ot ahloretone , oh.lorofcu."l!l and &•her dff A&d• up from 

eature.t•d buffer solutions and tbe eouoot1tl'Elt1ou wel"G oaleula tod on 

the be.als t t solubllitiea 11:1 water at aa0o. (1129), Tne preaenc of the 

low oouent~ttou or Kli2PO• a.n.d N&OH 111 the aolutlOM waa rilsawNd to 

hove a negligi'bl• ottoct on. t he, eolub1l1t1o 11-t 4 for queoua aolut1ou. 

'l'be aolutions ot o·hl orel. l\yd:rd , po'ta eium c,an1ds od QNt.tlane 

were prepare1d by ~101gh1ng e.cooriift.€ to t ho usunl :i;a:ocodtlre. The pot~1h1iu.m 

eyani4• eolu.t1ons mtre troably prepa n:4 prior to ue,;.ee an thero •• 

via11bl ev1d.onoe ~t &eo.mpoa1t1on aft r etoraee tor a we4&k a\ s0 o. 
F .LP.S.K cote1•,~ Th.e oalc ated vt. lue f or the tlask c-oututa 

(ps.~ a !"1 nnd 28) :r. eheoke4 1n order to a&oel"io1l1 · ~ther er. not t bere 



-
aoaoap.liahed by Ssllow1nt;; equal uliquot• fron. the t1itffle cell suepeneton 

to reeplro 1n the pre~en,o& of o.ollt glucotHt 11\.nd eoapi,tr1ne tbe saeeou 

exhunge aa dateniined by the 'fr,i.rlous fl«ltkn . ll'bak No. 5 tm• fl.n•~ 

th.e tbeu•.mobl.i;r<:w!eiei-. Cheekn f or o:xyg-.n 11onsumpt1on WIN .aad Gn flasks 

Hos. "• a. 4 , :s, a. aud l ttnd ohooks for (Hirbnn <Ho-xhie U bentton. nni 

me<lo on :f'laau ?ion . &, 5 , ti lld 1. 

o~ter to detc,m:l.n6 what concen.trat1on of eaeh 1nb.1'.)1-tor •• required 

to deenue tho gnsoOWJ ••nlaae or non:•trollfen.t1~ oella or ! fAf.\UY 
gubt&A&I nopirl»~ ln the proset\C• of ouch. nbet:Ntte , " lucoae. rormute 

,md nueo1.umt o. The Naf)il'fttion ot 1. 5 .mUllgr-e.• (ch:y w•1~\ ) ot ••U 

mmt .:, rial •• employed when the subat~t• •• alma•• or 1"ornn1to aa4 5. 0 

tdlligrnms was u ed "hen the substrate was t.ntoetnate. Jibm.craeter read• 

inf;n w6re taken tJt 15 minute intervals o.,.i- o 60 minute •~rimeutal 

perlod. 



Table l1 
Typical data sheet ahmti ne ealoula ticB or O::z au 002 volwas 

'I'll 'AOter Tia lieadUg 

(l) ( 2 ) 

lmltu Us&d for 
eol'T&e• 
t:ton or 
read:lr-g 

0 14t. e 
a.o 

15 152. 2 a.o 
·so 154. ! 

a . !;; 
45 15'1. 5 

a.e 
60 100. s 

Tot.el.a 

' ; b : 

' 
Rac4ifig 

• : (S) 

.hCt:-1. 
r&8plro-
:meter 
rea4illa 
1n 

1.u..1 
-11. , 
126. 2 
-sa.o 
104. 2 
-,oo. s 
M.O 
. 3. 8 
60.£ 

llete: S/25/48 
l'la.aka • ,s . ? an4 6 
Run &o. 149 

DMk :d~h &91 
t:;:.ol"l.'90t 
Head1q .. 

(4 ) 

.-. obael"Rd 
uptnke cor-
rected t or 
the iw,oo:ro-
a,flr 

- :2.2,. 1 

- 24. 0 

. 5 

-ao.6 

J'l.Gat Oontents: Sup.t)na ton. ~32 - - l oo. 
O. <XlM gl uttoa • • l cc. 
Sutter • - - • - - 1 oc. 

02·01. 

(5 ) 

-31..,8 

--35 . 2 

- ZB. 6 

-56. 8 

I 
: 
$ 

i 

' ' 

h 
i?eadiue; 

(6 ) 

A-at aal 
reepiro-
meter 
N(lding 
1a 

148. & 
-1.6 

14'1. 0 
-4.2 

1.44. 8 
-1.a 

l 4S.0 
.a.5 

13'1. '1 

lliim. 
Oonect 
Beading ... 

(?) 

Obs'OM'S4 
uptw.,"& eor-
reoted tor 
t ll81'ffi0bam-
mter c~• 

... , 
-s .. 2 

-s.1 · 
-a.1 

11lttA11: ISi . I 

Xo,g/kg2 Os.tterenc,e ~01. h-xo,i:oa ( ll• )&ooa 
I 

(8 ) 

- 22.s 
- ~ .:& 

2.e 
-as.a 

(9) (10) 

S\lbti'(lot Multiply 
eohmn a eolwm 9 
h'OII .. by kce>a 
eola.mn 6 tor w.s 

ll.!Ui!k 

1,., 38. 9 

l?. l 3?. i 

l.'1. 9' 9 

17. 'I $8. 

l M J 

G.onniUomu 'i"flfflp • .IO"c.. 
StrokN llID/.alll. 
In a ir 

IA 
• 



\!'117 weight M8$QJ'OMf3 ct .L,. !U3ills . CiJ:"8 tow.ad in '1'ablfi XII.. Oaly' 

tho• ftfll)4)i:teloM whieh were und1lute4 (110) were aUQ;ttotcd tor dr, 

•1ght flBSUNmen.ts . The 417 we1gtits f&r 411.utod euep,entd.oaa Wl'e 

o'btalned by e.eloubt\ion trom. the ff i gb.t ot the ua11u.-.a. • wa,;,en•tona. 

A tur'b1d1ty ver1t11 d1" • .t ,:bt .Plot 1s oh.-.11 1u figure a. Tu •••at 
ot tbo C\U'Vc fall~ bolwee ,he 30, 0';£ u4 10. 0% absorpti on o.rt\tnm.ld 

-.a the porti.ion goneraU, u•d l n tletea1ntog ooneent1"8t:lt>u ot WI• 



Table m 
'turbidity e.nd Dey w. ~ht Values for D1.eUll•4 W~ter Suspe-.utt,n •t ru1us, a1t1M1 

Orie inal 1'vb14it1 la tl.r, Welgbt ln 
Suspensioa DilutiO!I P•rceat A'baorptlA:>n »ill i.«ffllla/l!UU.lf. 'lier-

1 Undiluted ,o.o 1. 01 

1 1,10 u., 0. 20 

2 Undllute4 H .8 O.-lf 

2 ltlO ••• o.n 
a 1.12 18.1 0. 24 

14 115 ,.2 o.ot 
3 Uud11.ute4 e&., 1.36 

3 lUl M•l o.aa 
3 1&5 2a. 1 0. 27 

5 lsl& a .1 0.1, 

' 'Undllute4 tn~.e 1 •• 

4 lUl "·' o.,, 

" 1 1, 38.8 0. ,1 

4 lt8 as .• , 0.11 

4 1,1.0 12., o.u 



80 

eo 

50 

Turbidity 
111 40 

Percent 
Absorpt1ou 

30 
' 
ij 

20 

lO 

0 . ' -~• 

lo6 

Dry ~e1 ~~t in Milligrar!1s per Killiliter 

FiP:Ure 2c 'l\1rbidi ty = Dry 'iiei ght ~ur ve ._ 



WlllTnA.TE <HlJCJU1?RJ:i.'l'I{,ffil Oxy-goa oonswapt1oa veluea tel' 

.!.t. f!U!ttY:l@ re•ptrl..ng ta the pres•nuMt ot varto.ue oon4H,Dl'f4t1oaa ot 

alu.•oM l'8 U,nc,4 1n Te.tl• · II. Stalli r tables tu• pntiutat.od ror 

formate (Table :nv) an4 tor au.eelnate (hble n). 

!~JtS Vbl.\1(1)8 tor the ox.yea oouumption. aJW ocrbon dlox-lde 

11bereUon ot ,L w :Ul&I ro•ptrJ.ng 011 the var1cu• nbatl"n'ttts and Sa 

the vn••u10 ot •eriow, csusontntlou ot 1J'lh1bi'°r• ere shown Sa 

'l$\blM l.'VI to ll:I 1ul:u.e1ve. Ee.oh 1.mU.vi.d.ual table pnoents the 

#,ffl.a-eoue exohtt~• velues for noa-proltterctt.116-~ ool.la ot .,L. IUl&A&I 

atabolt td.ng on ou substmte l a \he pnnnoe ot OJW 1nh.1b1tor.y -a.eat • 

The elate tor ohleretoae ls a speoial ca• ao tbe ohttngu lit the level.a 

ot t.ne mntxrletll'le tlu1d wan not cona.1nant with on,uigea o'b$e.wed 111th 

the oth•r inhibitors. The date tor ohleretone b coat411led 1A T€tbaa 

xn.I and XUll and le dt..ouoad on _pege s 118-119. 

Tho <late. Jauint1oned above G.N vn.e•n,o4 1n graph10t\l tom in 

11.guru 3 110 rsa. The ga_phS.eal ropnaen1u.itions flrtt ot two types. 

Yi gu:rsS to a, a.re bar diag:rwu 1n -.1ch tho tot&.l oubic z.llu...t•n 

ot t,-aa m.Msu:Nt ,re plotted &gtd..nn ean.oon-tl'ffitione or the 1nh1b1ton. 

F1gurea :as ·to 62 an r di&O"a.u ln wh1o!t the 'hlues for, th-e gea tat.n 

up 01• ltbeNtcd «re np.n•••4 la tems or. per oent or (l!CS ooneused or 

libel"fi!ted o0llipi3 Ad witl.1 the control tl.a k bw inhi'bi._<n•). 



T • la 
Minute• 

A ( replleate) 

0 •11 

l.ti -30 

30 -•e 
tit - 60 
Tota.la 

D (npltoate ) 

o • lll 

18 - 50 

50 • 45 

•; - 6Q 

Totals 

Table nn 
Heapi.rat.loa ot !\9lU!fJ9til&• s 1.s ,-. cell.a on o - lit 

llol.os ot GltlOOd 
0. 001 0. 005 0. 01 0 .• 05 0.1 

OJ:ygea Volwa• 111 Oublc Mllllaoters 

18 110 16 11 ia 
al 26 31 22 ao 
26 a, 26 23 20 

a a. ..... .a a 
9G ff 101 8'I 90 

llO 2' 21 SC 23 

21 as ea 20 fA 

25 d • al M 

.a a a a JY. 
k ti ta • 92 

0. 5 1.0 

18 u 
1, 10 

11 t 

.ll lQ. 
?l 60 

1.1 10 

11 lO 

1, 10 

l& ...I 
ff 18 



TS.. 1a 
Minutes 

1101•1 ot Olu.oon 
0. 01 o.oo 0.1 o.& 1.0 1. 0 4 e0 

ox,aen ohuuta, in O•bto !!lUIJ.aft•• 
A ( .repl.Utet•) 

·./, 
"' 

0 • 15 24 30 • 24 16 5 

15 
_ _, 

22 25 84 28 80 20 18 

JO • 46 ,1, zo M • u 20 10 

f::i -10 1t J.&. J2 ....&t ...... JI ..J. ' ' 
Totala '' 98 98 106 108 ,. 39 

B (r.pltoate) 

0 -15 M M 85 18 aa 22 10 

11 - ao 20 - 81 30 5.2 84 15 

• ·" 15 a6 31 18 26 = 11 

ti - §0 11 ..a IO - _. ..J1 .ll J. 
Tot•lJt 93 104 u, u., 112 8$ 



't'lao 1n 
l.t1imt•• 

Kol•• t>t th1ooinste 
0.001 0 •. 01 0.1 o.a 

osya-a Vol.a•• in Ou.blo Jt.tlll.laeten 
A (nplt.ute) 

• - so " u 1, &1 

IO • 68 6 u 1'1 38 

§0 - II -' li. • ...ta 
'l'C>tals 16 u &t. 10$ 

I (nplio te) 

0 • 30 6 12 1& 29 

$0 • 60 'I 11 15 IS 

19 • ,, ....l li li 1t 
1.'otale 18 38 41 M 



J!olu ot Potasa1u OyaaU. 
o.~ o.oo o.ooma Q •. OlJ.C 

TS.. In Cie.a Voluee ta OU.b.ic Mlllim~t•n 
J.Unutea Oa 002 Oa OOa 09 aoa 02 oo, O,a ®a 

A (nplloei,e) 

0 • 15 39 SI %,St, $1 - - - 'I -
10 - 3-0 18 31 40 aa - - - 8 ,. 
30 • 41 • 3t 32 40 a, - - - 8 -
Y • AQ 37 .J1 _. JI. ...a ... - - ...l -- - - - -
fotfll& 181 156 116 101 120 ... - - 31 -

ll (replicate) 

0 • lB a, H - - 21 - 1, - 8 10 

15 - 30 18 ao • - 26 - lt - 10 14 

IO • 41 sa IV ... • 31 • ao - ' 11 

tff - ,o ..Al ... - - .a, - ..l7. - ......l -L . - - - -
'total.a u, 136 ... - 108 • '° - 30 Q 

a ( repltn.te ) 

0 -15 lt Sf, - • 10 - 15 al I -
15 -· 1'1 20 - - 1, - 13 18 ti -
30 • 45 19 .ea - - 18 - 11 lt e .. 
M -IP ...J1 A - - .J.i. - ..... ..l! -1 -- - - -
'rot.ala f& 816 - - 68 ... 56 '' " • 

• llfl dettm!'IJ.M4 



-46-

TGbl.e Xff.l 

aesptnttton or ;Gsswun aub;t. &J . .J.I • 
1.a mg. oelltt oa FO~tM!lr ~••noe ot G"'!IJ Il>E 

_,. • et Pot •a.lum ayuntu 
0 0 .00001., 0. 00001 0. 0001 0. 001 

'£11.u la Ga Vol-..a 1n Cubic Ml ll1ta-'•n 
W..ute1 Oa ®a 02 ®a oa 002 na 00,) .... 'a ® 

A (l'tlplleaM) 

0 • 15 24 '18 22 - 18 IO $ - ... -
1& • &O 20 " IC ·- 14 as e - - -
30 • d 14 u 18 - u 26 1 - - ·• 

!1 ,• H ll . ..J.l 1l - ...J. Ji ...l - - • - - - -
Total• 86 102 '6 - 60 96 10 - .. • 

la ( l"l!JPliea t.e ) 

0 • 11 12 11 1, - 19 • 'I - l 0 

15 - ao 2G af 16 • 15 • 2 - 0 0 

30 -4:S lt "1 14 - 16 .. 0 - 1 1 

M ,- eo 1! ,o 1l - .i - -1 - J:. ...1 - - -
Totnla " 189 60 - 53 - 10 - 5 9 

0 (:repl1ea\e) 

0 .,. 15 24 51 i i - • - • 10 - ... 
1$ .. so 18 39 19 - u - 0 ' - -
30 - 45 ao 41 14 • 18 • 0 3 • -
M • §9 11. ...11 .Ii - JI. • ..l. ....l - •· - - --
Total• '14, l.&O '10 - '18 - 5 al! - --not detemlned 



'l'nble XVll:I 

·r.aplnt1oa of • t1!1WI §lb!M.&81 
1 .0 ~ . o•lle ~n $UCOL,.~E 1n pl!'hence of wAHIDI 

Ltelbs ot i'OtllUiJi11Wl oianid• o.ooont o.oom o.oou 
Ttae ,. '-s Volti.mee .1n Oub1e M.lllt.D.lcters 
llf.nut•• 01 O;a 0~ 

A ( N plloe1te) 

Q ... 30 Sl 26 - -
30 • 60 2& • -
Qi • IS .... • -L - -
total$ 108 ve - -

n (Nplieate) 

0 -00 ll - 1, -
00 -GO 11 - 1, -
§0 • 19 ...ll - ..ll -- -

Totta.111 • 41 -
C ( repl1$de ) 

0 -30 30 - 12 20 

30 -io at) - 33 18 

§0 -~a ..& • _. ..J4 ' -
'l"otal.8 16 - 9$ 81 

• not 4etom1ned 

o.ont 

Oa 

... 
----
5 

0 

.JL. 
5 

16 

ft 

....L 
:ao 



. . Iie JJpil'1At1on of !\lficil).u~ ,!tt\!tr\M1i 
1.s m,i . cells on. c.ur,;om~ hl P't'lts<t:nce or UR1!trr11~Nt 

llo1oa or Unt.luu» 
0~ 0 •. 001.M o. ol.M O. Wd 1.¢»1 

'f~ in Ot\s Volu.meG 1n Oub1.c Mill:tmotera 
Mt.n:tea 02 COa ta 002 O:a 002 0 1¾ CO,e "2 ®a 

A ( repllonte ) 

o - 15 28 in 24 - 80 - - - 1 3 

15 - 30 16 36 so - sa - - • 0 a 
30 • 45 za ,o 50 - a, - - - 0 0 

~5 -§.2 ..a .a -At -· ...a: - - - 0 () - - - - - -
Tete.ls 110 u.o 115 - 1U -· - - 1 5 

B ( rer,U~t•) 

0 -15 ao 36 - - M) - aa - () 0 

11 • 10 • 53 - - 50 - 18 - () 0 

30 -u 35 ,1 - - 30 - 11 - e 0 --~ CP ..a ...a ... - 26 - JA - 0 0 - - - - - - ·- · 
Totals 122 143 ,_ - 11.S - '15 - 0 0 

0 ( nplieate ) 

o - 11 u 3.0 - - - - l8 28 2 8 

15 • 30 18 26 - - .. • 115 11 2 ' 
10 -45 as 35 - - - • 21 at 0 2 

4n -§0 ..a ...!1 • • - • .Ji. ..J! -L. -L - - - -
Totala 89 w - - - - ,o to s 19 

• not detem.1aed 



tlef;:p1.rat1on ot ac&J;ttn~ fiJ : 
.. . 00:lls 01'1 ! (;f,ll;i,.'.,t';E in. pres. UHf.:111·,\A?fE 

~olu Of Uru.tllanG 
0. 01M o.D o.oll 1.ou 

Time 1a Go.a VGll.wua 1n Cubie · us-t n 
»:iautu o, 002 Oa 00a I co, o.., ®e 0 00 2 ... 2 2 

A ( replicate) 

0 ... 30 92 ae - 30 - - - a -
16 - 30 1$ '' M - 26 • - - 0 -
30 • ff 24 M M - • - - - 1 -
, .e • &O ..}Ji _.§! .J4 .. _a - -.• - .J.. -- - - - -
Tet•l• 104 886 k - 10. - - - ' -

B (xeplioate) 

0 • 15 26 90 - - 30 - 14 - () a 
1.6 - 30 as ,s - - !6 - 10 - 0 0 

30 • 45 26 92 - - lS - e - 0 0 

t§ -4R ...ii. ...il - - J&. .. ..JL •• ....L -L - - - -
Totals 10fr $02 - - 92 - 32 - 0 a 

0 (replicate) 

0 ... 15 54 74 - ... - - 22 n, 1 $ 

115 -50 3'1 60 - - - .. 81 3:8 • 0 

00 ... 45 31 58 - - - - 11 24: $ 0 

41 • 60 ..a ..t1 - - - - ...1l _a .L ..L - - - -
To-tale 130 an - - • - M uo ' 6 

• not detemin•d 



»•1•• of Urethane 
OM . O. OlM c. o.mt i...a.,. 

'rim i n Gar; Vol.WMB tn Oubi o !Ul,limet ·n 
Jif1.1n1t.a o'.) 

" "2 O,a Oa Oa 
A (npli cct:e ) 

0 .. 30 81 - - 13 -
30 .. 60 31:l - - s -
§0 - 12 J! - - 0 -- - - -
Total• 100 - • sas -

D (lllpl J.oat• ) 

o - 30 11 - 2t 9 e 
30 - 60 ll - a, 3 1 

m.-n ..Ji - .a. ..L ...L -
'fotala 55 - - 11 ' 

0 ( repl 11:ut:te l 

0 -ao ea - • 10 10 

50 -so - 30 ' 2 

60 4" !2 ..at. • ..Jl • -' I - -
Tote.la ,u - - m. JA 

-not 4etem1.M4 



'l"utle :ua.x 
Ru u_pi ·ution ot & o.i.\l pJ. ro~bt ;,Ua t 1.e ~-aells 0:::1 r.-,1,U~(.xr· in prea.-ar:HlG or OJU:.ORAL H'fDRk'fE 

Ateloe Of Ohl.oral Hydrste 
OU e.OOlll 0. 011 c.oan o. iu 

ftme 1l1 Geo VolULAe 1n Cu.b io 1.,tllir:wt uro 
l&iuutu 0 2 ®2 0 a 002 02 CO2 02 CO2 02 CO2 

A (replicfllte ) 

0 - l 5 50 ., .. • !I - aa -· 0 G 

15 - 52 46 ... • 36 - 28 - 0 0 

JO - 45 ii 49 - - IO - 19 • 0 0 

46 • 6Q 34 40 • - ....a - ...ll - ...L .JL - - - - -
1.t'otal• 129 lM - ·- l.26 - a, - 0 0 

B (ropllcttte ) 

0 .. u; at 42 - - H - 29 - l • 
a - :,o ~l ,o ... - mo - 1r1 .... a 1 

so - 45 S3 49 - - ZI • 2S - 0 0 

45 -eo ....!! 3.9 ... - ....B. - SI - 0 0 - - - ---- - - -
Totals 12a 161 - ... 130 - 101 - 3 ' 

0 ( x-epUcete) 

0 -15 1, u .. - - .. 11 20 0 0 

lfi -30 18 so - - •· - u 18 0 0 

30 -., 21 18 - - .. - 9 19 0 0 

,\:} .• §:.0 20 20 .....!. ao· 0 0 - ·•· - - . - - - - - - - - -
Totals '16 K - ... - • 31 87 0 0 

.. aot detemtm,,d 



Tabl e 1.llll 

olea ot Ctloral U,ydrc.to 
(} 0.001 , . 01 o.oo . 0.1 

Tue 1a Gu.i., Vol um.a tn. OubiO ¥111 imete:r. 
Minutes Oa CO2 Oe OQg 

II; 02 COa 02 O\\} Oa 008 
A ( replioa·t,e) 

0 • 15 28 - - - 29 - 23 - 1, ... 
15 - eo 2"1 - - - a, ,... 21 - 16 -
ao • 40 24 - .. - 3 - so - 1, -., -fW ..J1 - - - ...a. - ...a - -2. -- - - - - -
Total.a 100 - - - 1113 - • 58 -

13 ( re p1.1oete) 

0 • u aa $8 56 • $& - a6 - 16 -
15 .. $0 SI M :JO - 30 - r, .... 10 -
so • 46 32 &e eo - GO ·• sa •· ' -
i fl • 18 ...It ..JI .a - ...a ... -1t - I -·- - - - -

Tot 1e 120 aae 110 - w - 95 - M -
C ( replicate ) 

0 • 15 :iO $0 - - - - M 61 9 1·1 

1e • 30 :,o 63 - - - - 18 3t ' IQ 

so - 4$ 30 M - .. - - 21 '° 4 l & 

it\•I! 50 M • - - - ..J.Jl ..1t I -1 - - - - - -
Totals uo 2&1 - - - - 81 ' l 6f ff '18 

• not dnermlnn 



Uoltie or Ghlord J/lydl'Q •• 
0 0. 001 0. 01 o.oa 0.1 

'tl.m.fl 1n Oaa .olwnea 1n G\lbto )(11lf.aete,:a 
tlisutt ff Oa Oa o, Ga 02 

A ( repl 1cete ) 

0 -so 31 - - - ' 
30 - 80 :JI - - • 0 

§0 ... to. _iQ - ... • 0 - - - -
fotai. lo.1 • •· - ' 

a (repli tu•k ) 

0 - :$0 El - 18 12 s 

zo • &O ao - 1! lO 0 

,&O, - !Q ..JJ1 - .JA ..l! . ...1.. -
Tot 1- t:tt - 41 u ' 

0 (119plioat• l 

0 - ae - 89 82 ts 

30 -eo 26 - aa 1, 6 

40 -92 .Jl .. _. ..lt -A. 111 -
Total• M • ft 5$ 12 

• Ht detomiae4 



~l6i> ot CA.1.0rotcu.ll 
0 o.ooa 0. 01 o.oo 0. 0& 

! 1- 1a Oas lfol. 8 le ou:w.o »lllifae\e1-a 
UJ.Aute• Oa OOa 0 a 00 a Ga co, 02 00 2 Oa 008 

A ( retllloate) 

0 -15 26 i!S a, .. at - as au ... -
l S -ao 3! 40 $0 ·- • - 2'I a, - • 
50 • 45 as $ n - .29 - 22 22 - -· 
M -§9 ...a $9 1'1 - •• ·- .a 20 - -- ........ - - - · --
Toiw us 140 108 - lot - ta k • -

B (l'eplS.oE1te) 

0 .,. w ao 3? - - • - M :at ll 1S 

15 ... 30 et 35 - - • - 21 • ? 9 

00 -45 53 38 - • .. ... ao 28 I 6 

41 -ea ...Jt....& • ., ...:... - ..a .a __t ...L --- - -
fotill.8 UJ 141 ... - - - 84, 105 31. 31 

0 (,...plS.onte) 

0 -15 1, 24 - - - - 20 2f) l fj 

15 • 30 17 20 - .. - - 18 2$ 0 & 

80 - 4:S 19 26 - - ... - 14 26 0 0 

:te -§9 -A ....u. - - - - ..JI ..!1 ..Jl.. 0 - - - - -
'fotals VG k - - - - '' • l JO 

- not a.euratnd 



».lea or Olilorof O'.t'.m 
G 0. 002 0. 01 0. 01 0. 0& 

'fS.. s.n. Oea Volwaea in Oubio Mi.llSaeten 
H1autea (i 2 002 0 a 00a Ca oo, 0a 001 Cg GOa 

A (npU0-ate ) 

0 - 15 81 54 - 21 - l? 53 ... -
1~ .. 30 a.e .f.l Z2 • 21 - 18 31 - -
30 -4& 19 SQ "° - 30 .. lf 11 - -
!! - i2 ...ll ..a J! ""' .JI - l6 ...ll - ·• - - - -
Totc,la ?t 1e, m - 00 - '10 122 - -

B (replleete) 

0 -15 39 ,, - - 1G - 37 - at ., 
15 ... ao 58 ,a .. - so - 40 - 19 11 

30 - u 32 67 ... - 30 - 29 - 18 .. 
i6 -~2 00 ... - ..... ... .a - .JJl ..Jl - - - - -
'rota la 152 2?'4 - - ua - Ul .. ,0 118 

0 (np11oate) 

0 ... w Z6 M - - - - • 50 1.8 40 

16 ... 30 ts 4.5 - - - - a.a u 11? Jl 

51> .. 45 f.!6 40 - .. ... - t.>4 t'Sl l& 20 

M - §g ..&Q Ji. - - - - ..Ji. ..a JJl ...ll. - - - -
1.'otrala 94 l iiO - ... • - 9C lV7 56 108 

- :n.ot dotem1r>Jt)d 



Table llm 

Hnp1fft t en or ;ho.lllp,a ffll:bU.1\1 • a.o !'lg . t:relle o.n SUC\JDU n la preaenee ot CRLOROF0»11t 

Uol•• 01' OblO:r<if e:ra 
0 o. O()! 0. 01 0. 02 0.04 

rum 1a 06a Velume• 1n Cubie Mill.SIN-ten 
Minutes o, 0 Os 04 o, 

A. (aplioate) 

e .. so 31 - - u -
30 • 60 s.e - .. 1, • 
fO • 90 .~q ·• - Jr%. • - - -
Total• 1m - - 66 -

.a ( nplioote) 

0 - 21 - 2' - I 

ao -60 20 - 11 - ' 
60 - JI -1! - ..ll .. .L - -
'lotale st - &a • I 

0 (N,Ucate ) 

0 - zo 82 30 so • 6 

50 • 60 3' $1 2'1 21 t 

IS! - 12 l. ...1!. ..a ..Ii . =' ...L. 
Tot.la 1.03 to 90 73 18 

-not dote~n 4 



Mo1ea ot .... 
0 O.OOlt ··- 0.11 0. 21 

Time ln aae Ol.\m ., In O'u~; lo M.1.111.meten 
Mh:utea 0 8 OOs 02 002 On ®s 0a 00a Oa 00a 

A (repl1ca,te) 

0 - 16 29 " 81 ., 30 .. - - 18 M 

15- - ao Sl St • - 12 • - ·• a 8 

50 ... 45 M 39 S'1 - 56 - - - l I 

-fQ ...it ...a _. • ...a - - - 0 -1 - - - - -
'rot a.la 1" 1¥.. it. 180 • • • 21 ., 

B ( N plloatG ) 

0 -15 et 40 - • 11. - 18 ·• • at 

15 • 30 ao 21 - - H - 83 • 11 $1 

10 -- 36 41 -· - ea - 1'1 - 6 15 

i& §9 ..JI ...11 - • _. - ..Jll • ....I. J. - - - - ·- · 
Total.a 187 145 - - lM - '' • '' 60 

C ( Mplicato ) 

0 • li $0 a, - - - - m. 30 16 • 
15 -3C 11 - - .. - - M 23 6 10 

so • 4n 25 28 •· - - - 80 2, G 6 

M -61 ..J1 _.. - - • - J.2 .Ji -2 .....t. - - - -
'total• .am. • - - - ., it m. 48 



-
i'Able mi 

fi'eepirs,10:a of l!•&&i\M n~UII• 
l . f) BfB• cells a FO~ATE la preaenc.e ot i.c,.-mm 

Moloa ot .i'Uter 
0 o.ooa o.one 0.11 0. 21 

Time ln Gaa VOlU!'Aea in Ou.b1e Mlll1m&tem 
Min.utea 02 CO;e o, oaa 02 oea 0a "Ga Os caa 

A (repllC!ate) 

0 • 15 21 3'1 2-2 - 2£ - - - 9 20 

111 -30 18 39 18 - 17 - - .... 6 18 
IO - 45 1, 30 18 - lS - - .. ' 5 

ii -u ..J.l ..a ..1l - .JI. - - - -L ....&. - - - -
Totela fl 150 '" - 49 •· - • 11 •• 

n (npliotlte) 
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la5 mgo cells on GLUCOSE in presence ot CYANlDEo 
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Figure 130 Oxygen consumption by Bacillus eubtilie: 
lo5 mgo oells on GLOOOSE in presence of CHLORAL HYDRATEo 
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Figure 200 Oxygen consumption by Bacillus aubtilis: lo5 mgo 
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Oxygen 
Uptake 

in 

100 

80 

Percent ea -
ot 

Oxygen 
Consumed 

in 
Control 

lf'laek 40 

20 

I .A B tQ . A ! B 
0 ~---·-----·----:_,. 

k. ....... , 

!c ,_,.l B J:._~]a l.:._L:!J __ 
0 000001 oOOOO~ 00001 oOOl 

Moles or Potassium ~yanide 

11gure 300 Percent oxygen consumpt ion by Bacillus eubtilie: 
lo5 mge cells on rORNATE 1n presence ot OYANlDE0 



100 1 ·---, 

Carbon 
Dioxide 

Liberation 60 
in 

Dercent 
Carbon 
Dioxide 

Liberated 
iD 40 

control 
P'lask 

20 - · I 

t 
O ·-•~ 1 Bi C, 

I . CI ,-;i 
0 

t"igure 3lo 
subtilia: 

000005 00001 oOOl 

lJ!ol"s or r- otaaaiwn C7anide 

?ercent carbon dioxid• liberation by Bacillua 
l o5 ~g o calla OD l"ORUATE in presenc~ of CYANIDEo 



100 .l 

80 

--- : 

Oxygen 
Uptake 

in 60 Percent 
ot 

Oxygen 
Consumed 

in 
Control 40 Fluk 

20 

0 • ___ A __ :_B_~ __ c_r ...... __ t_ ...... ! ___ .a_,l __ c_. ___ !_~1---~~__.; 

0 00001 oOOl 0005 oOl 

Moles or ,~otaasium Cyanide 

Figure 320 Perc~nt oxygen aonsumption by Baeillua aubt111s: 
3o0 mgo oella on SOOCINATE in presence ot CYANIDEo . 
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S•• ot th• of thl'."N anesthet1o as-est'\& ttad tlfO 

.!mown lall1b1tO:r"J nte or cellular a.at1v1ty on th6 roapllt>.tloa ot a 

typlca.1 ••robio, epon•f'OD!Wlg baot•riun haYe been bff&tt•ted by 

mee.na ot the Warburg roapb-oaet&r. In or4lor te do th.la tt •• t.trn 

ned8PJ.'1' to cuibrt..te tb •· rbtu-g appo tu and beco• tu.ruUsli' with 

the to.etua.1c 1avol:ved la tho operetlon of th1& lnatru.ment. The .m.on 

lal)OJtQ.t poh\ts wlU be diaouauod with a Yiew ton.rd maJdng c<nparl• 

eons bnwnn eot1Tlty or baoiel1.A nap1rin& la tb.e pns•no• of anee-

th•tic end 1nh1blt017' aget•• &ltd the aotivl.t.t ot oertatn ~ltaa 

bftla t tsnes reap1ring Ul'Sder ~he Wluon06 ot slldh1- a.sen.ta . Such 

a coapttrlcon will leed to tho to=ulatioa ot an o-pialon rep~~ the 

suitabiU,t.y ot the u o of bsust•r1a •e loola tor the stwt, ot 'th• sUe 

f er pur,.,aes o.f (U.soual;oa amt colilpu.•ucm• gu•ou.a ••.ba ~. 
u.l~n whioh ere fS~ or lower ,.ball the -valua tor tho eoatl"Ol (no s.n-
l'd bltor) u:e ru:,b1t rerlly ,uea u unotill6 •lp1t1oot 1llhibttl0n of 

the '.l'GSplntton Gt !a. Qh\111fh 
..... l<m.......,l'.,.I...,AA..,.T...,1..,.0...,N J! QllJOOS 

L nu,u,1a no eppro,d.&a.t•lY ooiu,ta n.t OYGJ' ' ftther wide ot 

gluoo11 caonoentnt1ou (ee• Tet-l.o _Ktll) .; Ox¥s• "ptuk• ve.lw:io t or 

alwul&e oonoentRUo,ne ~ , ea 0. 114 ftll<l o. OOOlll wan the seu w1tlua 

oxparUi&nii\a l •r:,or wt ~lKn'• oonooiret1on ot O. J.l( theI"e 11\H • 

uonase tn the amount or O,J.ygen ut111aed. Val~s ter ooneeatret1ou 

ot &tl,wtooe below o.oou.t •n not d•te1,1d.n•d• On tM basts ot thee• 



flll{Uop , o.oa i luoose WfUJ uetd in all •x:1•ri•n:tm wheM Etlucoe• t•• 
involved as tho subBt:ete. 

libe.rat.d by A:.. gul!tll1a •a only slightly l!JON than t.h6 ve1uee of 

OifYP'l:1 oouewnitd (see 'table XVI) . This lndi"t•e tbat tho 1'9Spint1o 

of .L. &b'!i~ on glucose 18 11.tfAJ>l.1 bid not eo!'.lpu1•1Y ae:ro'bto. Thle 

t1ndtn-a ts lD ~emeat ~1th d.. oriptiott or J:. mvt\.l!1 tftlld 1a 1-~•Y • e 

lta.nual o:r DotemJ.nat1vtt &lo-tadologf ( 4) • 

fWSPlrt.ATION 21 ~~n, The re pirntlon ot J.a. S b!llll en so41wl ro:nnato 

ms Uf}proxi.mui., 0onst~.n, between rormate ooac•ntnt iou ot to o.atm 
(Te.ble :av). Above oonoent:Ntion <It 1. 0\! ttn.d below a QOtteeatntlon of 

o. oou there \ffls n tle'icr•se 1n tho ex,gon u~•• 8' tb.tt haid ot date. 

shown :tn Table nv o.JK torato •• a,Ployed in flll expu:itacJnte 1n which 

tor.mate ,nu the sub&trato . 'the rat ot 07.,e;en u.ptatc. bt non .· rols.te,ati:ug 

t'1nn1ng i& vtdeat trom a cempri1'1.son ot 'l'Hble .Ull &nd 'l6ble nv. 

Gaaeoue exohfjJlf;& values foi• 1,,. ftl!ift&MI reap11"1ng 1n the pi-es••• 

of o .• Ut rom:ete ahcw t b,, t th ratio et carbon dioxide rel,Maed to oxygen 

aonsum.•<i «i:pproaohos a (OOu/02 2) . '1'h1e tindi»g le 1n ucof\d with the 

th•oretioel • quatlOD.$ tor th• oxidation of ro.l'Jllnte to Mrbon d1ox14• (22 , ae). 

Oxitt1Md !te(!uce4 
naooli + B,dni •• ---- 002 + B,r4~• 

I\Oceptor Aeoeptor 

crtoc.hrou 

81 te.-. 



igrllt\'.U,O,! . (?,,~ at,OOlffbl~• la a.neral the .ra•• f¥t reaplr&\lo.n. of Jh. 
•J&b)i l g on ellOoiute wu oOllaldenbly low9r tluui on d,w,o•• er to · t•• 
Thia :rol~ttvely ri0or ab1l!t1 of' nuoo1nnt to donate hy4rogo o n b ob• 

ael"V'ed b hl)le .,..'T/. It is to be 1"tll:l@~bered thct a.o lldlU~s dry •1.eh:\ 

oxygen OOJlSUMd e1u1 also bo oeen 1n 'ltlbl r.Y" • ot the oonnatr..--.t lou atudie4, 

tu bis;hoai rste .of' reapi:r11t1011 was nou.rud with a o. aM wocwte om1eeu-

tnt!.on.. Ooacentratt,0u above thta nr-e not 4etemtn,e4 $Wet wcridng with 

i'he enzqa 9uoeinlc d.thydrogena-ae aids 1n coaive1"ii,na ou.cclnate 

into :f'ur'..a~t• aoool"di t:.s to \he equatla (n ,avh 

iIOOC-OHa..OH,rC OO!i 
auociute 

saoe1n1o 
-----~ nooo..cn:i:m-ocoa + • 

4-hfclrosemu:se twaarate 

I n thff preaenoe ct aolooulli:l r avsen tlu, enz,me tunot 1<:>n11 'bt way ot th• 

e,t(l.oh~ ayfftem: (22 , as), thwu 

fO!A.'l.."i IW QYAJi.!101. The e t rect ot poteaaiu cyu.nide on the respiration 

ot .L. e!U1~&! 1n the pre•••e or T!!ir1ows 1n1batret• t1 •• ewc.1184 lo thu, 

inver.: \ igfAlion so thd ta aenai4-nUon ot the results could be •de on e 



bast.e ot OO.!lll)«rt on with a mc.h ,tuditttl i nhibitor ot oellQl r aoth1\1. 

Oynntde le kne,.,'D. ,o 1n.b.1blt t~e lllet&bol1o otivity ot aoroblo fo:r.i.18 ot 

Ufc, (&,.22 1 20 ) end h thtt1ught to ... ct srieoii'io&ll.Y on the pol"tlon ot the 

c_ytochro syut• .tmovm •• oytoobrome oxidaee. 

Oy~t\1de r,osuu,,sae<l the ab111ty to lower the N'sptretto-a N.te 

or ,L. sJabt1!!J! in the pl"Qoenoo or s l1100••• fol"Sl!n to and su.ocino1-e 

(l ~1ree 2a , 29 , 30,31 e n.d 32 ). 1'here watl aOJ\W ve.rlc.tlon. u.s ta Ille con• 

cont:ffltlon ot. c :,,-nnicle Ntqu1:rot for 00~ 1nh1b1tt,.m dope r:S1ng oa the eub• 

atmte . mien s lueoae or nocinete waa the mibtstl"Rte o.o ·. o~nide 

broU.Cht ab0t1t & signiticuu1t 1nld.bltton ot both the oxy~en uptoke nu. t-
carbon dioxid• l1be:.j tion (E~rt.,• n .29 an"\ a.e ). ~1th toffttl t• u «r!!lb• 

et rate le.so 07anide up i:,etare4 to requiwo. f or 1nh1b1tton aa e 0. 0001 

ooneen-tntion wee etre.ottv • (.:n.r~1:'1ta 30 and 51) . 

Sinoe oytooh.rr>m oxidnn• pl•Y• e role 1n t.tut aerobic oxidation 

o.t elueose . rome,t• and euoolootH• t,y baoto:rin and eJ t:hb eneyme is in• 

eott•eted by cy~aide , t he lnhiblttoa ot l!:, gubt\l&a wt9Pirattoa ·by cyanide 

t s quite logical. 1,;;,ieatel and Wooln.dg• ab.OWed tbet he ox1dnt1oll ot 

glucose, fol•mte and amoelnat e b1 &a~he:rtobl! .2211. WH'o reta:rdsd 'by o.ou~ 
(o.~) cyanid.e h!a ). 

-µu~uif!. Untmute , like oya11ttt• • bu b .. a ,studied ulte •nu.s1Y•17 

with reprd to it ef'te<t\ on res:p1rotor,v on7,,1me eyt.rtema (6). Urethane le 

believ'ed t o intecl'ere 1!!fith itnzyrnt'., t1o pl'QOeoa•$ res1~na1'ble tor aotiv~~illg 

the hfdl."0~ll et vari o1lt aubatrateo so t hd tho hydX"Ogen e.\oae •1 be 

t.runefered i o a. tn:,1tilble h)~d.rogon a.coeptor (& ) . 

F1auns S3 ed 34 ohow tl!ut urt:tthene 1,,rednt to the e..Teent of 

l . Old hind.era t h~ oxi dation or &,luooae. by J!:.. 11!:!IA&I• 'rhe oxt.chl~i:on ot 

foi~m to is ala<> sign1f 1C1:u.1tly inhib1tod by l . OM UNthllne d poas1blf 



b1 o. ,M ttrethane ( l1"1!tuns 35 olld 3&). The ox;ntu uptake u:h1 bi ted b1 

,L. &b!.il&.t resp1r1ne; on auoolrutto is quite appffa1abl1 lonN4 by the 

p:resenoe ot o.5lii UN'tbane (1 1eul'©s 37) . 

Th i nhi 1t1on1 obta1z»cl 1th uroUmna in tbu preae.at 1.J:l'VtuJ\1• 

giitioa ap a1• to be 1n lb.e with previous nl)orte (6) oonc•rnbg the 

erreict or untlu,u1e o.n on~•~h e.ot1v1ty , 

cra:.cr,.;,l. m DJiA'l:'I• Tb.,e; aot ion or ohlor•l )ly@ratt on the niap1.r&.tory 

act tv1 ty ot L. s.1'btlU,a 1# ahon. ln rtguroa 38, 391401-41 ond -aiai lt is 

ev14.ent from these bllr 41a~ ~-t o.Ut cnlo:i-e.l hydl"?. t• has a dooid&d 

inhib1 t;$q .rteot on the gse,.._ exehe.$ of L pub\A:C, wn.n the su'b-

et ftte la ,1ucose, to~te or sucelnato . 

'fhe ichibitiaa ot uoain.ute onth.tion \)y 0,.1?4 ohloral b,ydl"tlte 

1s or ~pecbl utereet . •~wu,tel s.nd 4heatloy (;z4. ) b.Q.v ;J dcwnatnt ed 

th.a, 0. 1.2~ (0 ,.00-nt) chlomJ. bydnt• h&B a aeleot1ve aotiton on the oxide.• 

tions by mca.mme..ltan 'b~ia ti~&ue de~end1ne u,pon tho 1u,bntret(t ox1d1zo4. 

't'hoee worktu.•11 .he.ve pnsentt.d evidcuico tnnt ehl.onl ~dnte lnhlbi ta the 

exldut1on ot e lucose by bn1n tbau& but net th• ox14lit,1on bt 1Juccinat•• 

%t 1• oa th• bo.sb ot specitic ttt&ate such e.s th• o.u mentton.e4 above 

that ;.;,\\fi,11tol r ·1rtt po tul.s t d that then re two :t-•sible •U•• cf 

action tor Jlf,\J'COtic • 

In view of tho f'Eiat th;&t tbe enet eompononts or the enui:,me 

e1atom. involv$d 1.n the o:r.1da t10n of suoalniato he.T• not l>•en tul.ly 

e"3tllilbl1thed (ze , 20 ) , it nppe ra poeo1ble tha.t the muod:n.lc dohrdl'Gge • 

syutu of .!... $,UbtU ig dl.ttera troa the suc~1n1o debydJ'Qf,~ene•• syo,• 

ot rat r+nd ~u.:lr..e;n pig br .e itt. tiaunte or tbut bnill thsu• can \\98 on al• 

ter~te MGh,0,n.1aa.. 1>ueh ,a i.\U'toreooe might aoeount tor the disore,po.ne1 



--ll.7-

lr1 the ettec,t ot chloral ~a.rate on tho t o ayst\lU. 

I~ iu also to 'bo noted thst whon a;luoe,se ia the su'ba·tra,e , 

0 . 1.M chl.O~l h::,d?'f'..!te le l'e ' u.1rod to do;;rttes &i~nif ionntl.y tho 1-esp1l'\l&t1on 

ot .L. §P'btiUS 'bu-t that mu,v o.oo,u ebl.orel hy4nt• ie noc.umsary for in• 

ld.b1t1on wtioa 'brain tiasu 1e 1.Avolvod. It 1!llay ho that ohlo~l bydnte 

posn~s ea a di:t"t@1--ent mode ot aot1oo when b1•1ngt..ng tfbou.t its ot"feote on. 

biao·ttiri~ tl'~ t it h.tis whttn U >!lOt5 c.gal;nst \lie normnl fimati(}»ing ot brain 

tb-l'.iUt . 

Cf!l01t9fPJ!1, The ~ftoct or v~rloua oonoez:lt~tions of el~l.orotoJU en t he 

l"l!Htp1rat1on of J!,... ,,!,U'b~ u~1.1 ere presented. 1n f igu:ros 45 , 4','5.46 nd ,, • 

Chl.01"0to1"li!l n1t':111t'icul).t ly lowered tho l"ate or glucose and s~ooin to oxi• 

,1ut1on by gbtU&n w.ben the o~-;J.orofo:rm '¥.Z-S present in o.~ qltantitiea . 

The ruaetmt or r ff s:pl~t t1on with t om ,.1 te rua aubetrate ana o.~ ohlol"Otorm 

es inhiblttir ve.o uppro~l.mt.l.tely 0!)% ot the r1.Hsp1ret1on ot tho oo&l'tl"Dl 

(no ohlorotorm.) . 

The action ot ohl.orotarm, l1ko that or oblerel by4rute• de-

soffes special snt1on. t:lrteg (ll) round thot o. iU.11 ohlo:rof'em t.ltd not 

do@rease the oxyg$11 oonsum:pt1oa exhibited by homo~ nizoa bnin U•au• 

1n t,h.e p.r f}oenee ot sucabulte . Bore ag;i ia tho etteet ot II nai.-ootlo 

(chlerorom) • with suooinate as subnwte , uppears to dopond u,pon tu 

t1rpo of cttll brinstns ~bout tho ft:d.datton ot• aucoi».ntc, , The poasibl.• 

expltin~U ons tor too ;r:heC',t'lMu:m ;l;l lJ ;prt'luentcd. en pc~• 116 1rould alao 

ft1),Pl$ to tht . d lscr@p,4.tlJ)" 1n tlie iaat 1~n of. e-Uo1'0!cm. 

i,Tf:JW• !.'t iler ;i.;.lt~o o.xhibi.te<l an ability to l'Gtard siplticsntly & 
sgbttU.e resp1ffit1o,n tn tbe pnoonee or e,luaose , t'o~te c.n.d eucdMte 



(1 1gu.-ree 46,49, eO. fil arul 62 ). £th.er 1n. a oonoentNti.on ot o. a&ll 

lowered t.be reaplntt:>ey -.1ut tv1ty h the c,u,•a ot t .be t hree subst n,t 

lnvest~&ted. 

OHJ::,9fll~'ftn@i. .r.::xr,ertments ploy11lf: ehlo.r&tom, g~1ive NH~Ults quite 

d1tteront f.rc,.m t ho1H enooutam. 1n th~ c,u5~u., Gf the other 1.nblbtto:ry 

l\>Htnli•• 

The nuipiroMtcre were ttet up in the uuual mru,.ner. Under 

noNNll eondit1ons when oxygen b oons~wd b:1 tl1• cells lflthln the :reeo-

tton flask the lewl Of the t.'IAn'»lOtrlc t'l u.!4 in the :rtght- hcnd l&a.b 

ot the w.nometer will do • Bown•r• 1.t WBs observed that whon 0. 01,A& 

ahloreto:ne ·- pre ent , the level ot t he .min<Wetrio- fluid 1:1 the rt,ght-

t;!tnd lblb :toved oppc,4"11 tely to the d1Ntetion u:peot•d• Typic,, l ohangos 

tn m.anomot.1•10 fluid lev 1.s Ulueti-r,:ttng thla abnormal sh1rt or -.no-

m6tr1c flu id. tu~ l.bted t.n 'r11blc .:ca.I . It.' \ he ove . U c::u~e 1n tho 

gee _prcaaure btd. b~a dn,e to nn ~bao)l"pt ion ,:;roeesn ( a with oxygaa 

OOllSW!lpt1on) the Y8: lU.t-a lis\ed for tho :t"lttnk with tOU 1oul d btff'O been 

negative rath r the,n po.s1t1.vo. 

In Wl ~:tf'ort to i nv~H.itlgii t e t urtb.e1r thla e.lmol'ftal etteot ot 

ohl:Ol'f')tone , ex;peri.mont ~..-re d•oie;rutd w1t.h only orga.nlBN e..nd ehloretone 

prosent in t!le re&otion tle ks . 'l)pl l c~nge& in .m&nometrto tlu.ld 

l$VOle to r tl:lae exi;erwntl!l oondi 1ou ar0 at von tn t able xxnt . 
These cb~"l{!ea 1n level3 o:r men~..ot r ic tlui11 1rlidoe.te t hat some t1pe or 
f;QHtous e:usllEl.DgO tail:&s pl ace wb@u 01:,lo:retone 1.u.,.d Jl,,. @P:kt1lk nro 1n 

oontnot . lr the o.rts ni&m 1s able t.o o:x1d1u ohloNtone tte1-ob1oallf 

one would ox,cet 'tl.hta\ o~gen would be ooumod and 1A ihl.a evcmt \he 



o.bttllt{ea lbt~d f or the tlo.s wtth t>H ahould again be negtlt 1 • • As 

th• chmnpe an peaitivei 1t ls tmprooobly th.l'!.t !,.. sJl?\1111 o:ddiaa 

ohloretone by ~n ~erobtc mechuniom. 

The pos1t1ve oban~~ oaimoi be due to oarbon dto:xta• 

llbe t1cu ao 6J1.Y carbon diox14o g iTft ort should be abaorbed bJ th• 

KOU b 1ihe alkali oup fiind give r t• to ao eh•uee e.t all ln th• l.enl 

cor tbf.l mt<tnomotr1o t'lu1d . ll"unhomoN t it oarboll d1H14e libentton 

had t6k@n place, gr-ter Ofu:illl•• would be oxpeoted in the CJ@soe ot 

t.be m,;,nome,tric tluld. ot the rusk aont•inb . no ion 1a the alk19.li cup. 

I f g:it8e i otl er than c rbon d1oxid•, auon .. a hydrc11 11 

ohlt1rine , w:re Uben-,t i;+d , they too wOlill ~ be npeeted to produoo lei'$• 

eta~ in the lovel Qf the nomotrlo fluid ot the flask with n.o KOU 

present i n too 0liml1 well. 

At proa,u1t U appeare tool · ,o • typo cf a;a• eouo oxch.sn.ge 

takes pl llce bt:t wNn chloretO.r.le end tb• ells or At. ~~tt6y but the 

exa,ot su.tun or this re otion h~a not been explained. 



(!.ONOl'OzaIO!S 

1. Tho nsp1nt1on :retea of non rol.1:ferat1»a; !!;,olellu 

•!!b!lll,! &oeh v, on glucose , t ormate :itd,ld auoci.M.te nro of' such Mg .. 

nltude tru.t tru.y may be studied OOHYen1•ntly wtth. th(! .icuibu.rs reap1ro. 

Gleter. 

2. The optUlW!l g l,u. oae oonoentn'ltlott tor ox,g•n OWWUfAiPtlon 

by non- p.rolitentill(il !.e2Uly QbtU-H hob.Novy 1s ~pprox · tel1 

o.oua. '!'he opt icGm eoneeintration for t'off.1.£1ttt or suooinate ie 0. 1 • 

a . The llit• or oxygen oonl.Nlllption by non-1rrollten.t 1ng 

hgillu auta:Ul&I oeh Y 1a ot the same ordei- 01' .m-,pltwte whether 

th.& dubstrate la gluooso ot :fOffl(~te. i ~ the aubotrl!tto b uucc lnft te 

t be :ru~ o!' oxygen <H.>MtwpUon ts rowshly ouo•ba.lt ot the re. t e cm 

glucose ot rer:.tr, tc,, . 

" • 'l'h• en:ill'M oyetem ut111Hd by ~091Du Qb!!IJJ! Roch ' 

1n t he o:dd.nt1cn of :rom,~te 1 111t:m111t1Y• 1.o oyaaltle ·11,Ad. \lreth&n•• f hls 

eenettlvity indicat es that t he o:ddeitlon or ror.mr,te bt $lerob1o , spon• 

tomtne oooteri" t 11tkeu1 pl.a ln e .manner a1Jll1 r t o ••roble u14ut1on 

ot rom~t(t by Jfl~hel';1ahJ,9 ~ • 

5• 'rbe oxidut1on ot glueos•• f'or~t• end suooinal• lr; non• 

prol1terat1ng &.cUls,2, @fb\1111 i'.:Oc:b• Nov1 is l nhlblted by the pr.so~ co 

ot ah eth· tic us:ents such aa chloral hydf'&'h>, c.blenrora1 tJnd ether. 

f he <H> nc.entriat1ona ot thuP gents n -;.uilired tor l grdliO'W'l"b iablbit101l 

ts ebout 0. 5 t o o.oo mol ~,r . lt a.ppeera thut \be ooc.oent.ria·Uou ot 

enes t betio s t unt s re"uhod to 1uhib1' ox14~t1ons by aero'blo baoteria 

:te s muwlilat hiu.er thfft the conoentruticms (al:lout 0 . 001.M) ot nor-

ootlca N tJJ.11J.<ed to produce aurcos1s 1l1 antml • 'rh1a t etet should be 



oouic!ered tn 1nvest1«at1ons desigud to atwly tho- aotlon of n&reet1os 

or ana•t.betlce tb~ •f'teote on erobic b.cota~ial roapi.Ntion. 

&. 'l'he n.ayai• ay t om 1nvol••<l 1n the o.x14a1i1on of suoo1na.t• 

by 1:-a.,oiA&U !,\lJ?)U&• Koch vy dltten fran tibe ttuocla1o den:,4rosenea• 

a1etall round in ~ lla1:1 bJ!lllin t ie••• A eO!llpe.rison Of the nsult.e ot 

th vrtoent . lnveetiQntton with the ftndlqa ot ~eto1 t al (ai,.B4) 

lndl••tu thut th~ JUijr~tlo ox1d2\1on ot oe.o:l.nat by e.e1-0b1o a,or•• 

tomiag 'bnctorla 18 i&b1b tted by aneeth.Uc a~•nta l'tbel" • t.he analo-

ff.OWI oxU.n. t~ve eymtd la the •~11an 'brain 1B not. 

'I • A bU.tt•red • n.ou-prolitomt 1 oell euspemst.on ot ld1J111 
•sbtll:1,1 Koch OT'f ln contact lfith • 4'.l:u.tio solution ot Q:hlon11oae ~bu 

rise to a gaseou exobane-e . 'l't1e o:aot nat\a.l'Q ot' this N ·ten 1a r.i.°' 
un4o.-ocxt. 



~Rf 

The non- proll.fe;l:'1lting or "Mating" oell tecbnic the 

;var~ reop1ro.r1&1uu• h.:1v-e beu em.ploy d to tudy the f!Hp1r~t1oa of 

lloc&llus 1uabt1lia Koc ···ovy with tl,ueoa• • tr0rmste and noeinmto u 

#Ubetntes. 

Thft tmlt,Vimt to Oltidatlo·D ot these nbistrntee 1tt the pneenoe 

t>i" t,yRnlde1 uratoon•• ohl.o.rel n,tirat• , ebloNt'om end •bar ti.Ye ea 

tnv.it&t~tod ,u:14 tho ett'eota or th•• agents over e nllt'Z• ot ooaoentw• 

t1ons 1.&ve been notod.. Cmphs l\e.ve been pre;pAnd tor ocnJNu.•iaoa or 

tho a:r:t~•n oonsuapt1cn s.nt.1 cmrbon ittut4e l1be:rat1oa v-.lues to1 Jffitll:W 
n1btlllft l ooh...Nov1 in the pN&cnoe und Qbse.no or th~ Y&riO\lo 1nh1bitOl"1 

Ditf'oren.oes between the ox1d.d,1on et au.eolnate by b&ote.ria 

and by ~~olian brain tissu have been poln:ted out. Iatcu11H1ti4>n oon-

c m~ the •Oxid~tl one ot brf.l.1». tleeu.e wa.e obtaino.4 tPGm the p,nivioua 

TtOJ'k of 'l(llaat&l et s1 am Gries (ll,231~ ) • 

Oaa.ous «ccha~• W'bioh eugp;•Gte some sort ot aett11.boli c 

eotioa by l~s&la!M aab)Uy L>eb 1 on oblcu-.tou. hfUl been aotri. 

The itu tbox- has expreoMd n opb1on l"O$ard.18(t th• o.4.vt.11>1-

11 ty Of employinc m.em:bers Of the genus '90!}.W, tor CU.mffming 

the .mode ot action ot ~stbatio ~•t•• 
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