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tgl0rffiLmcMElms

lohsrl,cdguat l,s due to'Profocrorl B.Tr Stnhr

anil Lo cr Brltt of the sohool of Pharraoy end J. E. Slmona

of thc Dopaleant of BestcrloLogyl .o!.ro to Drr F. U. Bolla

of thc Dcpar*ueat of Ystor{nery Sotonoo aad te,llr. Hwerd

Coloaa of ths Dcpar."haent of F\yatose for thstr tlucly
ruggcrtlons end luteregt tn tha preroat.Lnvoatlgattroa.

fhls Luvesttgatlon ras uad6 poatiblc through

the genoroaity of Petrohtlit rnd I,otter la offoriag thc

FaLrohlld Soholarrhi.p. lhc authm'rtahec to take thls
opportunlff to thank thc donerg.



IUTBODUCrIOil

?bo lltcrature orr thc otl of, Cellfora{.i lauel, $}*}g!!I1g
oallfErnioe (Eook end Ara.) f,utt.r lacludel very tltt!,c l,afonutisn

sa tbs pharanoolory(aO) of thc oll, or thc kc&oac (mUcltutone) obtaluee

frou lt. Llkcrlre, uo refercaoc soulil bs form0 la thc llteraturo o!'

roletllc or osloatlal otlr regar{ltng the genuloXdel or fungiolde!,

aotlvlty of tho etl of Callfornla laurcl or rmbsllulotree rXthoug[

cxtoatl,vc rcaoaroh oa tha ohentctry of thc oonstttucate preaent'la

thlc o11 bac been pureued b3r varloue lnvcgtlgatora.

Pcrcolg rto havc omc ia olorc prerlulty rtth the o11 or

ltr rrpore repor-b dlsomfotta, sad ta rme oascs &cath haE beon

attrlbtrtcd to tho ooataot rlth thc ?ePors vfutLo trevellnS threugh

reglona denecly ooysred rith Ihbellnlarla oalToralo*. It ruc roportcd

thet Ln I98S a rorher, durtng dtattllattoa o.f I large qoirtlty of o11,

bcoaoe rutooacoLous rnd rmeinorl go for rlx hourl. It [t esstmed that

the unoouratourtcft narproduoed by the Yeport of thc voXatilc olli

0tlr,cr roportr chur that the fruttr of'tbc treo here beon catca by

Iadlaqa, anil that Ln soc !.ooa1ltlcs'the lcaves have been ucsd at

f,lavorlng rgentc la roupr{2) 8ar5'er(??) reportu thrt Iadtianr qtcd

Uyrtle lcrvel 1a oascc of aervouo hcadaohea aad aaarl oatarnh. l$rtlc

o11 hec bccn uscd l,! l[.0. oough ilropc and la lfirrtlo BrlE, an olnheut

ueaufeaturcd la Portlard, Oregoa.

Etth ruoh rcaia6ly confllcting rtpor:tr, thcrt ic evl0cut!,y

e nccd for rcaeersh on tha oi!, sf Cellforala lsurel la en attmpt to

acocrtela tbo ruluc or dangcr of thtr ol,I, aud the uf,fcota 'cf'the o11

on the boQr aeolraalau. 'It ls rlth thtr aln la vla that thie rtudy

i* proacated.



z

ITMBELLUIOSE i PIIA8MACOLOGICIL TSD BACTERIC IDAL PROPER?IES

ETSTOBTCAT

hbellul.aria oal.ifornloa (flook ard Ara.) futt., taa firgt
eoLreotecl in caltfornia by Menzles (r) in the lattar part of the

eighteeath eentury. Frior to Henzies the spani.ard.a of ca}tforaia

kaerr the troe as Isurel Silvestre.

In 1826 Douglas (6) classlfied this evergrsen tree ae a

laurel., laurus Iglg (thc regal laurel)r probably iutendlag to iadieate

the bcauty aad spleador of the troe.

rn 183s f,ooker aad arnott (l) orasgifldd this €Tergroen as

fetranthera ealrfoq3iqa. Later !ftrtarl (r) gave lt the preaoat uue

. A6 far as has been reported, tbis is the

oaly ropresentativo of the genus llnbolluLaria.

Flgures I aad I-a shsw tree and detail of leaf.

rcRr ff PESVIOUS ilrVE8?rGA?OR$

fhe first work reported on the o1!. of Callfornia lalrl:e1 rae

that of f,eaney (9) rho, tE. lg?8, by fraotioaation rmder reduaod

proseure obtaiaed a oolorleae liguld poeeeeoiag a pungeat od.or. fo
thls produot he gave the aame Oreodaphe*gl.

Ia 188o Stlllqqn (ZO) ottalaed by fractlonatlon at Z1E-U16o

aeatlgrade, a ooJ.orrees, mobile ltquid rhiah he aamed rmbelloe,

pocseeelug an aruratic but pungeat od.or. fia obaervcd that exaeesl.ve

tnhalatlon of the yapors produeed a headaehe.

rn 1904 pErers aad Lee (rs) rounat thEt the oil of the
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eellforrs.!.a leurel yleldott on fraotionation the folloring om.stltusatei

pLaeae, eLneol, eugenol, uetlyl eugeuol a:ld a ketoae, rabelruloae.

Thie ketone fraetLoa was eollected at z]-?-zzza eeatigraile aad ras

purlfied b5r regeneratloa frm its seuioarboEorrs. ?he purlfled ketone

had a epeoiflc gravlty of 0.9884 at !.SfiS, eLpha D -5?o ln a I00 m
tube.

rn addttion to thio powero and l,ee (rg) observed that oa

treatiag tmbelluloae vlth broalae, a llquld dlbrmtde of tnbellgloae

vas forted. Oa dtstlLlatlon uader reduced prossure the liquid dlbr6ptde

gave a sorid de-brmodilrydrotmboLrurone (gro\eo Br2), aa unsaturated

f.iqutd uonobroarornnbellulone (crotso Br), and a mal.l anouut of a
lydroearbon (ctu\4) ' fhey arso found that mbelruroae drd aot give

a test for aldebyile by Sohiffts roeaalline test. Ihbel}ulonc doss

aot givo all tho oharaoteristio ketoae reaotious as do the other kaora

ketoneg. srrbel.luroao is ismerie rith earroae, obtained frm oil of
oara*ay aad other oils. &be11u10ne Ls the oal.y known raturally
ooouriag ketone that has such a pnngent odor aad naueeating offoot.
Powere and Lee (1g) eoaeluded that rabeLlulone had. one ethgrleuic

llnkage, and gave it the foltortag fonaula.

FJlil
H.C oI r 1.,

--)2fr-.L
H- C-n

*

c-H
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Tutla (ag), la 1908, ehsred that shea mbellulone'saa

oxidlzed with potaesitm peraaaganato there sras foraed a keto aold,

nnbe11ulon5.o aeid, egt*O gr rtrleh on dlstillatioa paseed iato an

unsaturated Laoton", CgtZOe. the Latter on oxidatlon yielded

tnbcllularie aoid, a polsmetllyleneilloarborryllo aoid, poeseselag the

fonsula egffIZO*. Ibeee ohangee nay be repreoented ae f,oLlowsr

'.(>-
IhbeX.Luloae

/cooH__-+_ cut,o
\co=cH"

Itrnbel.l.uloaia adid

//'COOH__>_ c o(,o
'c(oH)= cH,

hrolio nodifioatioa-

- C=O-

\a=cH 
a

Lactone

//COOH
----+- c^H-6'\'O

\co oH
ilnbellularle aeid.

to tmbelLul.one the folloring atructurerTutin gave

t,"

H-c t\a-,
l't(, II -i-cH 

I

HzC--.---\ 
a-/C=O
il

Sern"rlor (ZS), la 1908, gave rmba!.Iu1one the struetural

fomula that is aocopted today.

CH^
l''

zClH-c/ -\c-H

t\tHtc-\ c-/c=o
c HrE -cHs
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Elcahauc andrtorlahofer:(Sg)r' iE lg8gr ob,ta!.aod thc kotouo,

rubellulono, frm oll of ryrt1a tgr prcparlng e sodiua aulphlto aildtttoa

proeluot, lhtoh k ruter rolublc. fhlr ral rtum rit'1rt1'lLed to get thc

kertoar rtrioh mr purlftcd by frrottonatloa rmdur rcduoed pr688ur6o

Frm tabellulonc they rcrs ablo to prcpane dl$rdro ubclluloac, e

hcra\ydrodcrlvatlve of, rubcll,ulone aad othcr produotai

Aooordtag to Sptogcr (e5), rablnol, thuJone end rubcllulsao

atG ?6ry rlnllar la ltrtroture.

H
I

CH.
Hsc-9-c Hs Hsc-g-c H3 

H_c/ \. _n,,q/f-gr, "*ti-j", 
- 

[ 
--] n

ca \c/cHoH ,

I-. r, ."'l-,, 
Htt-[ - cHs

THUJONE SABINOL UMB ELLULONE
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DrgtnJ,ATror 0F tm L&[vE8 0F 8m"mf,rro8[{r,t"LAlrBE[.

rO OBIAIT TEB OIL

thc laroa ar6 gethcrcd aad drled coplctal.y or ts e tul-
dry contlittm'(10), aad'than atccu ritcttlLcd"' .l aLr:turc ef, o11 aad

rator 1r ottrlac8; *toh, o rteudtagp tclnretur, !.eavlag thc otL u
tha top l.aycrr thtl Lc ilcoratcd aad ilrl.cd ovcr ea$ritnour todtre

rulphete. tbc ytulit of thc o11 racorAr,rg to Frrry (fg) 
"rrfcs fr@

2.6 to 6.6 pcroeat.

MIEF DBTICNIPTIOI{ OF IEE OIL Otr' CALIFORTIA I,AIIBET.

thc olX. la o1ear, brsrnlrh-yel!,o ln ool,or end poluoorcr a

vct? pungmt odor. It lt c=trmcly lrrttattlg to thc.uuosur ambran'

of thc nrcr!. oertty and thc throat. It,produopt'hcchohca, thc petn'

sf rtrloh'I,togrqscrfra tbo uppcr rcglon of the nacal'tsac utrl to thc

fronter rcgtoa, ondlnB-.b:,tho trnpoml rcgtctr rhsra thc pcl,ac ere of

e throbbtag Eturcr rbc oilsr fu ct ftrrt'plceoant, fol,loc6 .by

Lalorgc lrrlteti.Ear'thc cffcotrof rhioh,my bc llkeued to tho sdsr

of fom,l6c$r&t, rirtoh l.c of a dcleyc0'trrturt.

.Aooordlug to Frrry (fg) tte oll,hlr a rpcotfl,o gr.avlty of,

0.965 to 9.960 aad optlcal rotat!.m of,.-28o. srytlr (gg) .t$cc tlut
the dry oll her e rolubtllty of 1r10oo la rater aad a rpcotfta grrtty
of 0.956.

lho otl uccd l.n tbc prcrcr* rcccaroh uac dirtlllcd frm the

Coor Courty 4rrtle trcc!.



OBSAIIITG THE UTBEI.IUICINE FAOU OIL Of trIBTI.B

Follorlag the aethod of lttahaua snd fodcahsfcr(S0) ao

rpprcolabl.c kctmo ylclit raa obtalaed.

Xethod Ar

A nodtftcit tl.cahrus a:ed Tadcrhofer ncrthod rlet oployed.

ESg greur of nryttr o!.1 rarc rhaka out trloc rlth e crturetcd

rolutloa omporcil of ?@ grunt of rodlu aulphttc end 80 grans of

rodlrm bloarbounto la tOO oublo ocatlnetorl of rtl;tltlcit utcr. lhc

flrrt rrrhlng of thc otl lrrr orrricd' out llrtl'& rclntton, anutral

to flvc dropr of phcnolphthalch, rac cbrkea vigorourly for thlr$

nl,n$arr & rtarrtlng thc ell rhtoh retruratod frs thc tatcr rolutla

nc dcer.dcd rnd rilded to erothcr d€0 oubic ocrrtlnstcrr of retuntcd

todlm rulphlte and rodlrn bloarbsnetc rol:utl,oa rnd pcrutttcd to

roela tronty-f,our hoqra. Afbcr tb,c otl hed bccu dcorrtcd f,rm tbr

mter solutiou thc aqucoua portloa of rarhtn6 anmbcr oao ra! oablacd

rlth thc fquoour portlon of rarhLag urubcr trro andl. stean dtisttlled ta

a ncutral. atsts fortrro hourc, la ordcr to frso the rater aolutloa of

ullr Greese o1.1. lo thc equoous solutlon, fresd of the ol1, *rao added

dO 6rana of etLok toilfua hydroxldc rnd the mfucturo ras ttcaa dl*ll,lcd

for thrce hourc. tbe dtstlllate sbrtalno8 rrr ehake,lr firt rtth aa oqrril

voltne of ether, *loh uag then drted over nightr uslag ten or trclvc

6raso of, anlqndroua ealol.m ohlortrilc. Iha nert morntng thc ether raa

crraporatcdl lcavlug 68 grarnc of a yallw, nobtls ltquti! rhloh brd en

odor retmbllng that of the oll.. fhlr uaterlel ;aa f,rastlonated et

four m pr6$Eur6o The flrst tss oubto ocrttlnoters oahc ovcr at 75o

oentlgrade (Unoorractcd) at four m prersuro. fhcre ns obtalaed
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batrrcon ??16 - ??.8o oeltlgradc (gnooreotcit), 48 grans of a oolorlott

Itqulil thleh had the odsr ef the oll arld" poasesaed the aaroc clmllar

putrgcnoy and lrrltatlng cffcot.

Phvrlool oonrtonta of rnbellulonor

"rrl *U.60t aD 11082861 il2go 0,9d65, egree{rg falrly rcll

rtth the roporta of lftenhaw anil Toitanhof,er (gO).

tablc 1 glves the oonctanta roportcd by var!.oue larestl-

gatore.

TABTS 1

84.G. Os.Act. - --n-r B.P. h.

slmhaus rnd lodenhofcr(ao) 2oo.94g -s8.sl 80o1.48sL5 8so
stllliln(26)
Porera enil L€e(Xg)
Authorfr

r6.5oc .e61r :13:$3 soor.l'srs
aoog .g465 -58.50 81o1'*8a86 1?.6-T?.8

llethod Br FraotLoaetloa of o11 of Callfornia Laurol

806 graus of, thc ol1 rere fractloaateil mdor reiluootl

Ir66surc end f,raotlous.eollcoted ag chora l.r Tablc ?r

TA3I,E ?

Praotloa trs. .lnouut ottelned Scap. ln e. Prerturc h l[.U

I
II
III
IV
Y
YI
VII
1rIII
If,

57-48
,[8-85
65-7*
Tb?8
?8-80
80-88
82-86
E0-96
95-l16

4m
4a
*u
lm
lm
ln
4m
4n
Iro

*6.0 hs
s4.?5 0

11.1 r'

16CI.1 rr

58.1 tt

11.8 i
7rS n

8.1 It

8.? n



f,o. IY raa refractloaatsd and fraotloas oolleoteil aceordlug

to the folloriag teble.

I
II
IIX

T2.8 T4-TT.\
5Er4 7?.1.71.6
S.5 Gmc loft ta dlrtillrng flart

lmt. l"a fus Imp. La G.

[or Y rag refrretlonated aad, f,raotlong ooLleotetl aooording

to the follorlag table.

frig" So. Preccuro

12.0 1'1.2-17.7
88.0 77.7-8O
1.6 Gng lefb tn iltsttl'llng flark

Praotlou If obtaLned &m [o. IY m.e nfurcd rlth tr'raotloa I

obtalaeil from V aad. the nirturc refractloultod undcr roduacd ptclauter

t total of 61.0 6rrus ras oollGotcd tetrs€n ??.1 eadl 7?r?o ocrtltredc

et ,l m pregrurco fhta 61 Erans res oonrldcrcd as the ketonel mbel-

lulsae.

ealy tro plqyrlcal oonotantr roro rua oa this fractloa rhish

are glvem bcl,orr

Thc botUag polnt, iletetatned by tbe oaplllerT ucthod of,

fa-'r (18), ras fornd to lle betrcen 3X6-21?o ceatlgrade (corr,). tho

rcfrectivc laitcxlag founil to bc 1.4880 at 21o ocntlgrade. 3he ylel{

ln nelthcr oase res rhat aight ba crcpeoted, ao oaly 1$.?1 trrroent rraa

obtalaocl by tho rodfum lulphlte method qad 8O.S peroent by fraotloa-

Itloa. ?hir la out. of r.11 agroment rlth tho rcporte of other

lnveetlgetorsr Yr.crhaus ind fodcnhofpr (S0) gcttlng Brould ?{.! poroegt,

4
{

I
II
III
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Psrcro and Lce (19) atout 60 perocntr 8tl.}t"'rn (Zg) I'g perocat of

rmbcllulons frm tbc oll of Callforula lourel, and Eusscll' (eO) ee

poroent.

Solll.lllty of lhbcllu].oae

Ilnbollulone ls frcely aoLubls t"u ?O pereeut a1cohol, la

oll.ve o11 anrl ln Potrolattm Llquldrof also ln the rpoolel rolvoat of

Mlllcr (fS), rhteh 1a oopoced of 85 par*s elooboll 8$ par*r glyoerol,

$6 perte I&E and 6.6 parts coap aad dlluted to 6O pcroest rlth rater.
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Ef,TEBIIIEUIIL

Eff,rotr of hbcllulono lloon thc Blood

Fer the lotlon of ubclluloac upon def,lbriaatoit blood la

vltro thr nethod of Doeaooatat (*) ras uco6.

Iothoilr

Io oao oubl.o ooatlnoter of horae blood uo addcd threo sublo

oeutlnctcrr of Or9 pereeat aodlm chlerldc roluitlon eail O.O6 oubl.o

sertlmcterc of rubellulonq. Tht e nlxturo rli uartod geatly and tban

plaoed ln a $edgrlok sounter end sbecrvad through a Beuroh and Lmb

fio. 83 apeotr:motur.

Experlmcntalr

Dtlutcd, blood rae heatatt gortly and then oboarned rlth the

apeotrmeter. fhere tsro so banile presaat that rprc rlthla thc raagc

of uathmoglobln.

TE the iliLutcd horao blood, ac lpeotftcd above, rac eililcd

0.oB oublo ocatlmcrterc of a ton peroent solutloa of potercltu

fcrrlclranide. fhic nkturs rBB rramsd gcatl5r.. fhe blood baoarne a

,oahogouy brora. Thls mr plaoed ta a ScilgrtoL ooutiag ahanbcr cnil,

oboerved rlth the ctrrcctr.meter. lhe folLsrlug buda lcre aotcdr

Plrgt Trlal Sceond ?rlel
F!,rat baad. 656-6El Eu Bu
Eeoond hnil 588-672 o rr

Ihtrd band Sg,i[-58g ! ,
Ftrst b*ail 656-633 !u !B
Sssontl, bqnd 68?-678 |l r
Thtrd basd 6S4-SE8 t '

?o a rlnller dtlutlon of horce bloed rrar addcd o.96 oublo

ceatlnetere of, mbclluloac. fhls nlrture llas rarncd gcntry. lha

blooil alco beeane a shooolqtc brora o.olor. Fart of, tblc blood nr
plrocd 1a e Scdgrlck eoutrng ohanbcr aad obrcrrrd through a
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rlnotrootcro

{lrtt lT\1
Plrat ba:d
Scooaril banil
thlrd brad

656-881 ru nu
5,8?-5?1 n rr

566-656 n I
Flrst b*ad
Sccoad baad
thtrd baad

654-681 !0 ru
6E9-6?8 It rr

664-SEB I i

lhc folforhg bendc rrrro rocortl.dr

Saoouil trtal

Etfssts of kbe+ulone on Cutgae Ptg B1o4

fhe blood rtc obtaLaed fro s aolual gulacr pig W the hcart

rtab uithod (e*).

Ihe gul,ace plg blood ur dtlutcd a! absve. To t$*r dXlutcil

blsod rre addrd 0.96 cublo oentlncterc of ubolluloue. 3hl.o rlxture

raa hcateil gently ead thm obrervcd rrlth a lpcotr66tcr. lbo follorla5

reaulta rorc ob&aieedr

Flrst Trial Seoad, lrlal tbird Irial

6S6-CS0 rtt E.r
589'5?? n I
5Sl$-5S{ il r

Flret band 884-6SO ru ru
Scooad baudl 686-5?8 n 'thlrrl bend S6$-EEE n t

65{-6S1 ru ru
588-6?1 I ri

665-684 i r

3hc bandc obtalaad oa horac blood end gulnoa pig tlood ere

la falr agromcnt rlth thoac rcporteal by Erlltbur*oa (8)r

lhe osntcr of the abaorptloa baail oouclilenocl ll ohareotcr-

lltlo1 had a rivc-l,G6th of 6$o-8511 uu mu, rcoor6rag to Dcaaoontct (l).

Effeotr of, EIo1lnlorc on the Blood.-la Ytro.

l' gUtaec ptg rao glveu tro sublo ocut!,nctsrc of e X-lffi
dtlutlon ef, ubllqtrorc tn ollrc otl lntnycrl.toaeally, thrce tlacc r
roer for rlx rsoltr. at thi eard of al.r recks the hlosd rar outauoe

by thc heart atab nethod,r thtt blooe ra;.kept it g?.60 ecrtl6redo

uatil used. ?o otls eublo orntlaptar sf blood mr adderit throc oubtc
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ocntlncrtors of, 0.9 pcroeat rodtu ehlortdc rol,utlon Thte utrtut€ rat

bottcd gcntl,y aad plaoed tn e Scdgntok ooufrtng ohenbor anil obroned

througlr e lpcotrometer.

Bosultcr

It m,o foruil thrt rmbcllul,one produoed aotbaoglobla la YlYg.

Ihe fellsrlng baada ilor€ rooordeilr

Flrst b.nil 654-65O Bu nu
Seoonil hnd E87-6?8 n rr

Ihtrd baad 66lt-662 tt t

F!.gurc I lhorr the abaorptloa baad *tr 6$Q-$Sd Drr Ell ?hc

gultle lla,oc ebove arc tho acoa llacs.

Ftgure I

Sborfag abeorptloa bead at 0EO-6S{ Eu lru al produocd
by rabell,uloue h vtvo oa gulaoa plg blooi!

Furbhor rork rhmod that ubellnlone produocd very ilocidrd

haotryrlr of hman, gulaca plg aait horao blood.

Iti
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Ef,fecte of Ihbcllulone oa Iateot Frog Ecar*

fictbodr

?ho f,roge rere$.thcd aud, placed oa thch brekr, rad by e

mcdLan lnolgt,on (fZ) of the skia the otoraru rae crpocc{. fbe ekla

sn each slde rr.r rmovod'and tho ttcranrn cerefuX,ly out rrrey rlthost

ary deuagc to thc hsel-t. lbc pcrS.oardtru rar sltt open and the beatlug

heart crpolcd. A flne hooL rea pleood through thc top ef thc veatrXolo

and oonaootcd to a ual,vcraal hqart lover. Ihe reoondrngt roro nedc oa

a rlngle itrta $Tuogreph.

Resultr r

A aomel traotng mr otrtclacd arrd thea 0.8 eublo ocntlnctcru

of a tea pcrocat mbcllulouo la c one pcrocnt eoaole mukl.on ttroppcd

on thc hart.

Protoool

trelght

of frog [o. ?

troraal trrulac

7r89

7r81

7r$6

?rS8

?t*0

?r45

19.0 gramr
78 pcr mlrrutc

OrB oubto oeatLnetora of teu pcrocnt
mbclluloae ailtled'to tho lutaot heer"t.

hrlco 98 por mlnutE

Rrlac ?5 per nlautc

hlsc SO pcr nlautc
f,eart rlorrr rlth eonplcto rela;ret!.oa

hllss l0 per rolautc

Ecart rashcd rlth 6.06 pcraeat rodlrn
chlorldc rolutloa produolag oaly a very
allght nsvaeut of the hcarto

. Ihe addltton of 0.1 ouble dentfueeter of
1-1000 oaffcl.ae hail no cffaot on thc
lnrelyccd hcart.

7116
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?r48 fha laJeotLoa of 0r2 oubtc ocntl-
nstcra 6f I-IOOO eilreasllae hydro-
cbLorlile lato thc rl6ht atrfuu
pro&locd no cffsot upoa thc pra\rzcd
heart.

Ia ell oeros thc addltion of, O.8 aublo ocatluctcrr of a l0

pcr ocat rmbcllulonc Ln a onc por oaat acaoia oulclon produccd et

firct a qulokentag of the pulto, rlth ro appardrt ohauge ln toaur,

(ftg. S). ?hlt lrec follonod by a alorlag effcet drteh m8 p"ogregrlvo

la nrture. la thc orpertueat progrecrcd, therc rar a dccldcd Lor la

toaus of thc heart, aad a dcoresred frequenoy rlth a docreared ooa-

tmotlou of the ventrl.olo (trtg. *r :S iad 0). Ihla rac folloreit by e

proaonnood rlortag of thc hoart rrlth a bcat ocor.rulng ebout cycry

thrco loooadrr durlag rhtch tlus thc heart rar ctoplnil iu dlestolc.

rhqoe bocta rcrc raguler for a perlod. ef roe lE aooondr, uhcn the

heart ctoppcil ln dlastola (Flg. ?). kchtag tho hoert rlth oo66 pcr

ocat ssdLrm ohlorldc rolutloa produoad ao cffcct, and thc eddltloa

of o.L oubls ocatireotcr of 1-100o oaffcluc likerrlrc produoed ro

revlvl'g cffcot. 156 tnJeotlon of 0rB oublo ocattaotcrr of 1-lo0o

adrerallnc \ydroohlorlde i.ato thc rlght atrltu proiluocd ao revlvlng

cffcct upoa thc para$redl heart.

Effco9a of Ihbollulonc oJa.$roetnilod {Ioe Ecart

Xcthodr

thc frogr rere plthed a:ld the hear*c c:poccd. The expocod

hearte r€16 oonaeoted to a ualrercar hcar* Levsr aad rooorittrrgr nedc

m a elrgl,s drra \mograph.

.[ noruel traolag sf the hcar* mr tekcn a^u6 O.l oubto



Flguro 5 - for,cal traol.ag of fnog
acl{li*loa of O,B eubls sontffl!,o&ers
rmbatr lutro,no *o ths lnt*ot hoa:rt.

hoart* * Tko
af 10 pon cen'b
?inq6 ln sasonds.

F{gur* 4 * $hewlng tro*r ln *onuc of, tha haarto
deersass I'n frequenoy end doeneaao ta ooutrasg{o*of the vsntnl'src of frug hosrto Trr,uo trm sssd*rde.

Ftguno $ * Shsr{ng furthor trocs ln tonue, daorea.lc[n fraquonoy and deorsaee $u oentnaottoa of thq
vmn&ri.o1e of f,nog hesrt. T!"uo tn saroorrde.

Flg.xre 6 - $h$ry{.,t.g n**hor pr&hoiuicod Loe* !.:r *onua,
d,*e::case tn fraquonoy a:rd de,$reass l"*r erontrset!.om,
ofl the ven*nle}.s +f f,rog heart" ?ilm,r ta #ps6ndr,

F$guro ?
stoppag*

* Prououaoed oS.wiag of tlre heart, $l.bh
1n di**t,ol-,au Elme fu" se*+,nu{s"
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aentlnetere of 1-I00O etroplac dropped upoa the exposed hcatt (tr'tt. e).

3@'
Protoool

Itcight

of frog ilo. I

16.O grams

40 per nlnute

0.1 cuble oeatlueter of l-t0o0 atroplne
dropped upoa axpoaed heart

PuXee 28 por nlnute

O.2 cublc ocatlacterc of lO per ocut
rmbell"uloae ta a oae per ccxt roaol.r
mulelon ilropped upon the cxpoaed horrt.

hrlec 15 per nlanrte

Pulse 14 per nlauto
1\ro oontractloan, tben a pausa

Pulse 5O per nlaute, follorcd ln about
tro ntnutes rlth fallure of heart'.

Sornal pulse

5r16

Et22

5r88

8r?5r80

Er86

8rS4

. lo thc atroplalred frogrc haart (ftg. 9) ras *ddod O.2 cubts

ocntlmetors of a 10 per ccnt uabcllulone aolutLon. Tncuty cecoartlt

efter dropping the tmbollulono eolutlsn upoa thc cxpored heart there

lrea e dooidcd dcoreage ln the frequeney of tho hcart, a dooreasc ln

tho veatr!.cular oontraottoa and crldcnoc of ea Laterf,areace bstrreea

the eurlcular and vedrtcula.r contraotloal (ftg. 1O). lhla raa

follsrcd btrr a dcoldcd alorlag of tho hea:t, thorc bol,ag tts gaooccslve

coatraotloae, thon a llaulo i.a dlastolc (ftg. 11). Ihle ses follorcd bi
a noro rytbuatio ooatraotlsa, but a dcorcaao la both eurtoular rad

ventrloular EoatractLoa rtrteh ftaally feeulted la atoppage of thc heart

la dlagtole (trig. 12).



Fi.gure E - $tov!.rsg Ber.ms.I fnog beeanto * Iadioatce
&h€ edd{tiqcil ef 0"1 or:bLo oCInt*nater of, a }-tr000
Eotrut5"on of, atneptne upon the oxXloaod frog hoant.
TLme ln txo seeonde.

Flguro I - $h€wS.ng ntrop!.alsed frog heart aad tha
* [adloatea the (kopp5.ng of Ou? oubto oEntl"uetero
of IO pen oent umboLlulons upon thc exposod frog
hean*. T!.so ta tro sssoarls.

Flgure 10 - Shonrlng dcoraa*e Lu frequonoy of
fnog hoarte ri.th dcereaaa In rsntrloular
conbraotf,on an{ tatenferonoc betreetL ai}r$olrlar
and vontrl"ouls"r eoatraotfon* ?tm fuE tro reeonde"



S!.gune}3,*Shsr[B&61#w
{a d!.asto1a ba*oan en*h
go0oads"

tre*rt astloa w$th 1mrss
tsa.r beats" Sime *a txo

Ftgure 18 - $lroslag "[xoneasod hec*r& aotlon, *ttih
dEsreass tn both aurieul*r amd ventri.eulan
oontr*ot!"oa, aad flnmtr)"y etoppage of, the frog .
hoert Lm d,lasto}e " Tfuas la trs eeooads"

Ff.gura 18 - Shoui.ag normel frcg lnaairt amd the ry lnd&aa&as
tha oddtt$.on of 0.8 oubto eentisaerter of !.0 por ocnt
umbsllulono to tho aryroocd frog haa:rt. A!"ro ahorlng
la*t{rltr a*tuaulstloao ?f,ste la ffo ssconda.
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4ffeotr Sr.f _tgsostienlnE -Uegt thP lhbe[ulo3tlcd Fros Eea*

@,
The frogs rcro plthedt and the hearte expoecd. lhc e:rpoaedl

hoarte rcrc oonnectcd to a uulveraal heart lever and resord!.aga mad.e

on a slngl.e drrur $mograph.

A aormal traolug of thc frog hear* ras sbtalncd aad thcn 0.8

ogblo oentlneters of a 10 pcr oe,at rmbel.lulone oolutlon tn a onc per

oent aoaole enuleloa dropped upon the cxpoaed hearto (ftg. lS).

Reculta r

Protoool of, frog l{o. 5r

f,clght $8 grans
I{oraal pulae

9r2{rS0

9r36

9r26r50

9r58r5O

9r29r30

9r52rSO

9r5$

54 pcr nlaute

0.? cublo oontlmctcrs of ton per
ocnt rubellulonc eo}utl.on dropped
upon the cxpoccd frog heart.

hrlse 60 por alnute

Pulse 42 per ulnrrto

Pulee 24 per nlaute

Eeart atoppod, rith two f,eeble attcmpte
to oontract.

8ro drope of I-1O00 pttycoetLgnlae
dropped upon tho crpored heat*.

Eeert ooutraotod onoe, follored la alne
seoonds by aa laorease la ooatraottoa
a:od toaus of the heart"

Thlrty ceconds efter addlag the 10 per ecnt rmbcllulona

colutton, the heart sborcd aa lnoreaced rato or freguenoy, *loh ml

follored by aa lmncdlate dgsrease fu. froquency (tr'tg. l4). Shlc ilcoreace

la froquenoy rrs progreasl?o over a perlod of flve mlnutesl rhen the
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heart apparotly stopped, follErcd by dtb feoble attcmptr to ooatnct,

?hrec alautcg efbcr the rtoppagc of tho heartl tro dropa of

l-10oo plqrsoat!.gnhe rere dropped upon .the para\r:cd frog hcett and

trenty-61ght aeoondo.latcr the baert oonlraoted onoe, follwoil 1r nlae

teeoads by an laoreace la frequency aad tsaus ef thc frog heart.

(rtg. to).

Dl.souaslonr

thG {nJ€atlor of 0.2 oub!.o ocatluctcrg of 1-lO0O ailrenallao

hydroohlorldc lnto tho rlght atrhm producod ao rcvl,val of the frog

heart para$rred by rnnbellnloas. Aooordlng ts DLroa (S) ritrerallue

1111 not aeoelerate or laoreaso ths forec of thc heart lf tbo

o5Tnpathetlo nerve-endlngs are paralyred.

the addltlon of atrophiae to tho f,rog hcar-t trn.ra1y!6d W

ruballulone produocd no revlval, ludtoatlng that rabcllulonc eotsd

upon the va6a1 cndlngr and oariil.l.ao mulalac ls doeg atropl.ac.

fho addtttoa ef rmbollul.sno to aa' atroplalaad frog hsar*

proiluecd roaults atullar to those obtaxlaed oa frog hoar-*a aot treatcd

rtth atropl.ao, egtta lndloatLag that. rmbolluloaa ecto upoa the caue

aechaaLgnc ag d.oos atroptae.

?he addlltloa of, p\rcootlgnlae to tho rmbel.Lulonlred frog

hoa* produood. a rsvivel la oontrrstion ead en Laorcrra ia toam of

the frog heart. tho faot tbat p&lyaoatlgalne revlvod the frog berrt

p'ralyaeit by abclluloac lndlcstcd tbat lebolluloue rumet aot upon the

vagal ondlago rnd the oardlao nwoler ar does etr-oplnr.



Filgune tr.6 * "{h,ow*,eg lbhe deoraase !n frequen'eg
of, {l}te fnog hee,rB af,&er tb.e a&dtft[o'm of
tn:*beltrulog* sn1t.at,t's,n' T$sre 1n '&we geeoa*dso

Ft6'urre 15 * Shewsmg dooreeood frequonoy of, tlae f::og hea,rta
fe-Ilowsd b;r ep$vareab enrest almd bkera tsro f'pehle oomtneetloms'
farllowed hy e,:maplete pa:ratr3re5"e of tho f,ro:6 he*nb" Tfmo *"rr
tq* goocimds"

F[gtlno tr6 * $itow$.mg para]yaet$ hoe"nt aad, *he * *nd].aet'oe b]se

e,e,*t&*ou of two dnope of, [.,Li]S phy'e'or-e'b.{gztme t'e the gr*ra}3raed
fre,g hoarb a.aq] t?to tnoroa.se,aL fnselue::ey and t"""""""',emuac fotrlowf,mg the
phy,sosttgm.tms a,&,31&[en' ?S.rreo *s &we see.a'leds"
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Effcotc of lhbcllnlone on UaanesthctLrad Aarmalr

- 

. ra

ho gulhea pigo rcre uccd, cach plg rocelvlng an latra-
perltoncal *nJcotloa of four cublo oentlmotcrs of r 1@ per cant solutloa

of rubelltrloae ln oLlve oll.
Reeultar

Protoool of gulaea plg tro. l.
5r15
5r16

5r18
Sr19
5r30
5r81

Pulce ?5, rcoplratloa 8O.
Four oubLo ocntlnctere of 10 per ccat rubclluloac
la ol,lve oll r'rJooted futreperitoaoally, tho
luJeetloa rcqulrl'rg tro nlautca. for eeplctloa.
Elnd legc of plg rhsred atgas of lnralyalc.
Ptg olarlag at head, tadteatlag elgac of aaphSxla.
fuIec 48 per nlauto.
ReeplratLon 75, lrregul.ar, borilertug olr ohqme-
rtolcs qrpo.

$t24 Stgae of aephgrxLa ooatrrl.lonE.
Sr?6 Corasa reflor ablcntr
5t87 &ract of another aoph3xla eorvulcLoa, laotlag

about ona nlaute.
SrEO Pulee 24 pet utaute.
Sr31r$O Omct of aephlncla oonv,-rr1lLone, lactLng for

thl*y rocoads.
St$2 Resplratlo! yet1r shallor and lrregular, rlth r

strncnodlo gtst) ooourlag about orrary thrce icooads.
It!! Aspbyxta couvulalonsl laeti'rg for tbtrty acoondt.Er86 0nset of another arph3xte ooarrulalon, leatlag for

aearly tro nlnutss.
5140 hrlae 128 per ntanrte.
6143 Besplratlql ocased.
5r{4 Pu1ce ctopped.
5146 Poat morto,r

3ha odor of rmbelluloac uis prosont ia botb
tho perttonoal and perioardrar oqvitiea. fho hcart
rtoppcd La dlastolc and mg dl!.latod, at rero ttre
aorta aad, thc lnfgrlsr aad rrpenlor vcae oara.

tunge chored rjlcsldcd o.ongeetton.
?he blsod rrag oxtrmoly derk, indioattag

ucthemoglo ln f,oruatLon.

Protoool, of gulaca pig [o. ?.

5166 Pulge ?0, reaplratlon 86.
8157 luJcotloa of four oublo o.eatlmaterc of lO pcr

ocat mbollulone in ollve ot.l latraparttoncally.
S169 Appercnt paralyelc of htad. legt.
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lr0l
*r0.*
{r06
.*rOG

4r09
4tl?
4t15
4120
4t?L
4t2*
dr36
*t27

Plg olarlag at hcad, latllcatlng rcphSa!.a.
klsa 6O pcr nlautco
Eesplretlou 79, rery irrcgular.
Coavulcloas of aophyxla typc.
hset of, soavul.sloar, laatlag cbout tbtrty 8eooad8.
hrlae 8? por nlauto
Onset of oonvrrlelona, laatlag tbout thlrty cooondE.
hrlso 125 per nluutc.
Resplratlon ahallor aad rapld, 9O pcr triluto.
Arest of respiratlon.
Stoppagc of the heart.
Poat nortcmr

Odor of tubsllulonc proraounocd la both perl.-
toueal and pcrloardial oavlti.eE.

Eeart rtoppcd la d!.astotc, eorta aad cuporlor
and lnferl.or vena oeva dllatctl ag llas the heart.

Lrmgr chorcdl ilootdcd oongectlou.
Blood vorlr ilark.

Diccuesloar

Xro alatttc af,tor lnJcatloa thc gulaca ptgc thorcd r rllght
parolycla of the hlad quar*cra. Thfu rree follored ln both oaaee b;r a

dcoreror ln Smlro rats rith a rltght changc ln rcrplratron, rhloh

rrpfuily bssarne vcry lregularr Bsth ptgc rhorrd eaplryxle ooaruluioarl

lestlag oror ! pcrlod of thtr{y acosnds to onc alanrte. ?hsgo

ooavul,aloas bcoeme Eorc proaoreased aad frcqumt aa thc crpcrlnerat

progreorcd. Follortag the dcEreaco lu heart retc tharG llg a.uarkcd

taoreaac ln thc pukc, end in the oesc'of ptg [o. 11 thc rcrplrr.t{.oa

fallod ln about oac alnute, rtrlle guhca plg so. 2 ehorcd a rapld and

rhallor rcaplretlon, rltb fetluro of recplratton ta ebout threc

al,nuteg. ra both gulaoa plgc tha heart atoppcd ebout a ulnutc after
reaplr*tory falIwc.
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Eiffscta S la\plcil IILbolIuLone, oa Gutnee Plgs

l[ethoik

The rmbelluloue rras heatod over a mter bath ln atr ovapor-

atlng dlsh aad then pleoed la e large dcssloator to vaporlae. the

guinea ptg rao thear plaoed la thc deseloator ead rnalntatneil rmdcr

theso oondltlone, rlth orygenatlon of thc dessloetsr ebout srorir

fif,teea or treaty mlnubee for four hourso

BeeuLtar

It ner founil that the oaly appareat reeulta rere lrritrtlou
to the Buoous uembraace of the cyee aad nos6. The rceplratlon ral at

tlncs irregular but at ao tlme shored rlgns of failurc.
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BAgTERICIDIL AS?EOI8'

Pruglotdrl Aotloa sf tho -Otl of &EFlo aail &beLlulsae

fcthodlr

?he organlms rers tranaferrodl cach dtay frm broth of pE 6.O

f,or a perloit of ftve days, ae cpeoiflott by the F.DrA. nethod (?),

usl*g e ctandard loop for traneferrlog.

The organLsrns uscd rcrc @!!!g tropioellc (feee) ala

Tryghop.hFoa talsrgisctala {eZA*) .

lhe lolvcnt uecil to dlrsol.re the mball,uloac lrrt o.@porsd. of

55 partr rccpootlvaly of g5 pcr oent aleohol, glyoerol, dlsttllctt ntcr

anA 6.6 prr*a of oastllG rospr (f5). Ihtc n!,rtur€ rar tte::lllred by

plaotng ta a tbree Ilter flaokl aeallag tightly and sterillalag at tca

poundo pressura for 48 ulautos. Ihc rolrent ras teetcd for fungtottlel

eotlon rtren d.lluted fifty 1rr ceat and formd to havo Doil6o fhle lc

la agreemont rlth tho rcpor*e of lfillIcr (fg].

Dllutloua of l-IOr 1-5gr l-100r Iel@O of tubcllclonc rcm radc

aad ussd 1a thc cxporimeate.

the aarthod rescd for detemtatng thc ftuglotde,l porere of

mbellulon€ xas e altght aodlfloatloa of. Etagery aad Adklaoa (l*).
fuo oublo ocutlraetcrr of tuballulone aolutlsa rsro addsd to a onc

eublo centLuoter of trrenty-four hour broth aulture, rhl.oh had bea

traarferrcd for flve ooaacoutlve dlayr at trentJr-four hour latcrvak.
The tubol.|uloae rao allorcd to reala ln oontaot rtth tho broth

oul,ture for lntarvrls of one, thfu*y and ri:rby nlnntee, thsa trrna-

fcmod to saboureudtc agar. Each dllutlon ras rtreaked oa a rlnglc

p1ate. f,bc plata ras dividorl lnto qrrar.bcrr and narLed rlth one,
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thlrty, cfurty ead ohcot. ?hc one utauts luterval rac transferred to

that portlon of the platc narLcd oac, thlrty to thc portloa markcd

thlrby and alxty to that portton narked rlxtlrr ?hc oheok rres obtalaed

by addtag tro oublo ocutlarsfierc of sterllc dtcttrlcd uater to ome

oublo ocnttneter of trEaty-fsur horrr broth oulture, and at thc cnd of

thc rirty nluutE poriod e por*toa ras traasforred to that part of the

pl.ato ncrkcd oheok. Ihc plates mtrc ineubatcd for forty,-etght houm

et 8?o oeutlgrade and then rcad,

Rcgultrr

" ?he follorlag Tablo s fu a tebelattoa of typloal rosultr

obtelncd. A totel of ten cxperLeents ,cre run.

teblc S

O11 of !&rtlc
f,o. Dllutloa ?lno Ln ntautea

Ihbollulsne
Ilne ln alarrter

1886

2284

r/rc
t/so
t/toa
r/rooo
L/Lo

L/6a

thw

Chook

////
////
///
#//
////
////

15060 qg

a

a

/
t

;
/://

/
/4//

;
,:

/
//

/
///

-

t

a

/

// ////

//-
//// //
///{ ///

r4ooo //// /// //// // // t///

////
////
///t
/.///
/t//
////
////

Eoy to thc tebulatlon abovsl

ilo grorth reoordod
I-{ ooloalet on thc qnarter obser:vcd
6-IO eolonlor on thc quantcr obltrved.
1I-24 ooloalee oa thc qrrer"tcr obeerved.
25 or nore ooloalrs on the quarten obgervod.W,
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Dicouscloar

Ia tha abrcnoc of protcln tho o11 auit tabcllulooe kl.tlcd the

rpcolflc orgaafunc uscd, ln dlluttons or r/,0 for iutcrvala of ouo,

thlrty aad alrrby nlatrto ooateote, hft ln a dlluttm of x/oo, trorth
ras reoordcd oa tho ono nloutc oouhot for the etl of ngrrtla, bnrt ast

for mbolluloae. Ia thc thila dllutlon thcrc leE rooorrlcd grorrth tn
elI luteralg of, tlnc uscd for orr of nyrtr,c, rhlle thc kctoac,

tnbcllulono, ahorcd ao grorth oa thlrty:aad otrct;r alautc oontaot. Ia
fAOOO dilutlou all ooataotl rcrc porltlvc for both sll aad ubc!.luloao.

lhe frst thct the orgar!.au rcrc klrlcd aad aot lnhtbttcd
res provs ty tek!.ag a Loop frm aaoh dll.slon for the verloua taternlr
of ttuc and traagfcrrl,ug to a stcrllc tubc of brsth. [o grorth rer
reeorded'la for.by-ctght hours tlnc nhcn lnoubatcd at E?o ocntlgr*de.

Fuaslolilal aetto& of hbo*Blouo ,.n thc hor.encc of protct*

thc rme nethod ar uscd above ras usod rtth the.aanc tcgh-
alquc brrt urlag lnsdtras rtrl,oh conte!.aed protcln or protcln l!.kc

rubatanoca.

lfcdirm It 1O fur of flekc lgtrr
1O pcr ocrt horra blood, addcdl elbcr ncdtu had
ooolod to 6ge ooatlgrede.

1C.6 GEs of Dc*rolc (fork 0.p.)

ff;iH";tT:}'1il,3,3i1i*ffi :;"I,";:Ho, 
ut 10n-

preEsurc for elghtoeu nLnutoa.

Ucdfuu IXr l0 Our of fleke agltro

i.s";: B:*ff:,( ?illi),.,. )
5O0 oubio ocatiuetorr of tep rator.
pE edJuctcd to s"6 aad stcrirrcod at ftftaor permdr
protsuro for clghtcea ninutst.
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Hedltru fIIr L0 rrnt gclatlto (faotol
le.s &rs Dextrose (mrt c.F.)
S0O oublo oonttmetors of iltstillod utter.
pE ad.Juated to 6.6, rterlllssal at fifbeon
pounde prossuro for etghtoen ulautec.

Flfteen expcrlments uoro rtm uolag the above nedla. Irbl,c 4

lr typloal of the reeults obtalned. lhe flrst fivc cxperlsrenta ahorcd

a ellght enhanolng Iu the fimgtoldal aotlou of the ketone, rmbellulonel

1a noae of the cxpertnents raa there e great dcoreese lr' the ftmgL-

oldlal eotion of tmbelluLoae, r?rloh is oortrary to rhet nlght bo

expeoted..
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Ihbclluloue 1n tha proacroe of ten per oent blood aprr

iledlrm I, appearcd to be allghtly dcorcaasd ln aotloa, aa 'ln ttrc /fOO

dllutlon for oontrots of oae oad thfu*y ulaute latorrrk thcre Lr

ebout double the grorth as omparcd to Sebsuraudtl Dcxtroae lgar. On

tho othcr tro media there ia a cllght deoreaao i"a aatlon, but not ea

great ea rouLd be cxpeoted, oonatdcrlng that there xas preaeat one

per ecnt poptono la Xledfuu ltr, and tro per oent gelatlae la Uedfum XII.

[edla III ras lncubated at ?!.o oeatigradc fsr throe ilrya and

then rcoordcdr All others 16r€ laoubatcd at 5?o oeutlgrrde f,or fopb3r-

etght hourcr

Ihc dlluttoas ae rpeclfled ia all the expcrinsute ere a8

bef,oro addlag to the tmenty-four hour broth oulturo. In eaoh oaae the

origlael dilutton 1r dlltrbed onc-helf1 thue makfurg l4o attuttou

aotually lrAS, cto.

Gcmdotdal Aotloa o,f IhbeLluloae

Dus to thc hlgh lacolublttty of tho kctoae, (rmbclluloae), rn

rater, the sct Flltcr-hper tr[ethod sf the F.D.A. (r) ns used Lnsterd

of uaiag a etandard. pheaol ooef,fioleat.

[o. 8 ilhatnan ftlter pspcrr are out iato aqumec and

IterLllscd tu a atcrile petrl dish at ftftooa poundr proarure for
trouty nlnutes. Thc atoril.o cquarcr arc theae lnprognated rlth the

deeircd orgaalen, rhloh hao boen traarferod overtrr tranty-four hourc

for flve deyg i.n the uedltn rpoolfied ty the F.D.a. (?)" fhe rquaroe

lnpregnatsd rith the raloroorganLm are them plaocd la the aat!.ceptlo

aad Lcfb ln eoataot rlth lt for tbc spealflect lntcrvrl of tlne. lhey
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erc thca ilshod off la e sterllc tubc of, broth e,ad traneforreil to e

rccond cuboulturo or tubc of broth, both tubce betng thon laoubated

for trcnty-four houm at 87o ocatlgrede. It ls ossonthl that the

rceond suboulture be mad.e, otherylae therc ts llabLe to be cnough

dlalnfootant adherlag ts the rqua.rcs to prcvert gronrth fur the flrct

tube.

Ihe organims uced ln tha tect rcre EberthsllS tfplrl (gcarr)

and a gtandard stook culture of Ftapbloooooug ll$, both havtug bcen

traagforred frqr broth 6v€rlr treaty-four houne for ftvo ooanooutlve

daye bef,oro the orgaalm ras uoed. Both organlue rcrc ast rnhlbttod

or klllcd by a flve atnute Grposuro to l-70 aolufl.oa of phenol, rhlch

had a potenoy ln agroaent tith the U.SrP. II rta"adard. Both organ-

lma rcre killed b5r e ftfteen nlnuto oxl,ooure to a l-go dllutlon of

phenol.

?rblc 5 shora the typlorl rosultc otrtal.ned.

lable 5

Ttne Dllutlon

E. fiiDhi 1
--....*a--- z

6
?t
1S
50
60

Strph.Albus I
2
5
?*
16
so
80

t-

-

-

-

-

-
/
7

t
:

/
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Staptrlocooour albua .ahored norc rsalctanae to rmbel}ulonc

than did E. tlmhl (Scare). thla tea rather rurprls!.ng, ao both rorc

tnhlblted by 1-80 dil,utlon of e stendard phenol rolutloa for flvo

niautcs oontact.

It nlght be ror*by of note hero to etate that the ketonel

rmbellulone, ras dlssolvcd ln ol.lve oll aarl uccd es thc aatllcptlo

agcate The rcaults rere dcoidodly dlacouragtag, aa both E. tyPhl

(Scara) and Stgpho albua rere aot lnhlbttod or Ll1Lod uy a 140

dllutloa ln flvo mlantce oontaet. The kctoao ras thea dlseolvcd la

petrolatrm ll.quldrm and thc abovc resuLts obrtalned. thlE ie ln agree-

nent rlth the rosulte reported ry trooh and MoMestcr (eg).

' The aboye cxperlmeat ras perforaed uslag the rolvcnt of,

Mll1er (fA) for diseoLvLng thc kotoue. Ihe reculta obrtalned rere

al,nost tdcntiod.

Eat&natcil phenol oocfflol.entr

The eetfutatad pheaol, ooefflclent rae obtelnad by divtdtng thc

greatest ililutloa of, rnbellulone oepablc of kllllng ln lcoa thaa

fifteen mlnutes but ln nore than flve u!.nuteso

E, typhl 500 . 0.?5
T6

Staplr.albug 600 ! 6.?6
80
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The Ager-P1rtc Iethod for Dotemlnettoa ut,

EcrzlElital lstlop of &bellulone

rhe egar-plate nothod lr a tcrt for irhlbltor.y propcr:tler

and lc uastl f,or cubatrtroeo rosLalat ln ooateot wlth the boity ta the

absoaoc of goroul bod3r fl,utdc. suoh netcrlela ag calreg, duatlag

porrderr, oreanc, plactercl Fedc, cto. rry be toatcd er thll ncthod.

lhe mbollulone ras nadc lnto an olnfueat, uslag rronouan

ao a base. rhe atreagths ueed rcro tea per ocnt, five por oort, oae

per oeat aail g.l per oaatp

The mathod as outllaed by tho F.!.A. (z) iE ec follourr
Flfteea to trenty oubis oentl.metcra of, agar :Ll'aeltad enit ooolcd to
42-4go ocatl6ra,iler lo thlc ia edded 0.1 oublo Eeatlneter of a tranty-
four hour broth oulture of the tcot orgaalm. the lnoeulatcd rgar
lc then poured lnto e cterllc petrl platc aad ellored to hardlen. Ac

tooB e3 tho agar hac herdcaed, the tcct aubstancc lr plaocit in latiurtc
oouteot r!.th the surfaoc of the igirr rf o lalve, lt ts fl,rst nruad
Jurt cufflolentl,y to aoftca rt arrd thus eeoure a oaploto perlphcral
oontaot. At a osntrol, aterlle pctrolatm nagr bc plaocd on aaothcr
portlon of the plate or oa raothor platc. Tbo plctes ar€ laaubrtsd 

\
tileaty-fent' to fortyrct8ht houre rt s?o oratlgrcdc rndr thea oanlaoil
f,or cvldorrse of tahtblttq. rf ths prelnr:atloa lr antleaptto or
lahibitery a rono of olur agar rirl ba aotcd aretmd tho plaoc rhere
thc gubstensc bas boca ra ooataote and the rtdth of the rone rirl
lad,isate the diff,ualbiltty of the tahlbtto4r (eatfuoptto) agent. rf
thcrc la ao tahltsttlon; grorth of thc tcst organton 1111 bc obrcrvcd
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rtlJeoent to end evcn udcr thc tost mbrtosocr

Tho orge.nlml uscd rene !!gg!. rLbla aait E. ttnrbl (8cerr).

Ihbcllulonc iahl.blted aad shorcdl good dllffual.blLtty oa both E. typht

(Searr) aail Stqpl+. g!}gg. fhe tsa per ocut iltrtucat lahtbttert anil

rhsrsd gooil dll.ffuarbfllty oa both Staphr albus. and E. tJrphl. Thc aauo

raE rooorded f,or thc fLve per ocat, otlo 116r ocat and, 0.I pcr ceat

olntusatg. Flgure 17 rhorrs tho tahlbttory rnd illf,fustbtllty eotton of

mbcllulonc for a o.1 per eent otafuout rlth E. trrphl (gcara). Flgurc

18 1g the ohcok rith the rxanollu{. fhe dark rlng aroundl the aatl-
aeptlo natorlal chors olcarly that rmbclluLoae ttlffueca alooly rail

elEo lnhtblte thc grorbh ef E. _tyxrht (secrs) ln a 0.1 pcr oat ol.nfueat.

the faot that E. ttrphl (Scarc) tud, Staph. rlbua rore Llllcrl
r:as d,ctcrnlncil by tahlng a trlortloa of the natcriaL frm thc olar rsac

and traasferrlng to sterllc tnbcc of brotb and iaoubatlag for trcaty-
four houre at S?o ocatlgredo.
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thc follorrlag crperlnenta rtro oatrlcdl out by ustag a ar6dl-

floetion of the prooedure of Salant aad llitohett (81).

Itethods

lhe rabbltc and. oett rcre ktlled by a(hlnlnateriag arn cxoostlvc

dosc of ohlorofonn. The cmall latecttncs ,oro trnrediatcly raoved,

care belng taken to avold laJuqy to the tntcstineE. ?he romoved

latestiues rGr6 pI*ocd ln freahl orygcaatcd Locherc so!,utloa aad kept

at 5?.60 ocutlgrade uatll ured.

The scgueats of tho lnteetlnecl 8.5 to { ocatlnoters la

lcngth firre suspeaded ln four hrmdrcd cubio ocntlmetorc of Lookcrr

solutlon through rhioh a strcasr of o:qygen taa oontlnuoucly bubblcd.

Tho tmperature ras Bqtntalned at $?.5o oartlgretta by uclag aa rlce-

trtoally ooatrol.Ied ratcr beth. Booordlags rcr6 nade oa e ainglo rlru

$Taograph, uelng a Beoker univerral lever. tbo tmbellu}one uac

preparsd ln thc f,otlu of a one per oeut aseola cmulclorL Dll.trtlons of

l-Lor L-10o and 1-r0@ rrrs proparcd for ure ln the cxporlnentl.

Roeu:Lte ,obtalaed ou rebblt gutr

It m.a found that rnbelluloac la a {tilutlon of 1-10O1@O

producod c allght etlnu,trattoa. Thcre raa I altght luorcalc la ootreo-

tlon, rlth toauc aud. anplitudc rmeiulng ucerl,y oonstent.

Ihbell'ulonc la r 1-4or000 dllutlon produocd a very dco!.ilcd

doorease ta ooutreotlon, but ao apparcat ohr.g6 in toaua or anplltudc.

?hia partlal- paralysla of the lntcstineL aegneat rastcd for a pcrlod

of frvc ulatrtcr rrhea the ttlcue bcgaa to revlve, aad at thc ond of

acyon mLnutcs the tlcEuc ma firaottoniag aomal\r. (Flg. lgr(a)r(a)r(c).



Si.g',aulr: 35r * i?a?lLr$t gue * $h.owj,ng aff,eet qf ome cubfe
tr..+:r*trmeter of t*lCICI d1?.utf'c,m of tmrube}truloneu g$"v*ug a
,llXs:rtla,m of tr*.40a000" A* a€rffie.} *r"oietag,, B* part$r*}
i.*,:"e,-13,s$.,li, tl* ee&ru.er* Dioil:*is:.1'* Btrce l$E:e ir'Sfoete*. ture
mtrllt":i l"::*srte']" $, "

F{i&tl're ge * Sh€sd"m6 pr6gre"s*it'e, deerre€,.eer la otpmtretetfort ,o,f

:rlrtl:,lit nuteir,t5.re1 s,,egm*itt: whsa stib;j,eo'ted to }"*'8t1sCIOCI

+,;Lr.;t*en of taa';bel[,].t*3o'm.e, Eace }tmo trndieate,s twe set::gtte
J " ,.. ... ,r.s. '! e._rt,?\rr :" !,,.4 f,: e
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Ifobollulonc La a l-20r0g0 illlutlou produood t dcorcasc La

oontnotlon rtrioh rar progrcaslve ever a pcr.lod of clght aLanrtar. Ihcrc

rac pcrhapc a rllght dsoracc La tonus rtth ao cplnrcat ehaage la

enplitudo (ftg. aO).

&bcll.u1oae la a illlution of l-161558 produocd a narkcd

dcoreeso ln oontraotlon, la ooajtrnctlon rlth a lecr sf tonut aad anpll-

ttrdc. Thlg rla fol.Iovod b;r e specnodlo atLanrlatlan rhloh lartcil for

tro nlautcr, thca thcrc rar epFmeatly e omplorto locs of oontraotlou,

tsruo aad eaplltuilc, rtrloh rrc follq,rod by e very rllght soartrrtttonr

thcre bcla6 treaty-t';e ruocclalvo coatraotlou rnd rclrntlont ovlr a

perlod of tso nlnutes. .lt thle polnt the auscle loat ltr oontrtot-

tbtllty, toaue and anplltudc. Thc rcgmcnt raa obaerved for o pcrlod

of tcn nl^autcs rlth ao clgno of rcvl.vLn6. (trlg. gt). ?hc lagneat nc
thcn rarhed and freeh Lochers lolutlon addcd. lhe roglant rborod

lmcdiatc rlgac sf revlviag, rith progresolvs lnoreaao ln contreotlon,

amplltudc and touur (fig. 2a).

&ccultc obta*cd oa oat tutr
lhrcc oata tcrc uccd ln thla phase of the rsrk. ?hc evengc

relght of caoh oat ms ?100 grruoo (e.l tttograna).

lothodr

Srne as urcd f,or rabblt lntcgtlnal acgaeatr.

Bcgultg r

hbellulonc Ln l-1O0r00O dtlutlon produood e rllght ctlsulr-
ti,on ln osatnotlon vlth litttc ohaage la oaplttudc rad, tonut.

thbcllul'oae in l.-{Or00O dtlutlon produccd rn almost lmcdtetc

lors la toauc, rnplltuilo and oontraotion, thls nc follorad hy oac
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Flguro 88 * fubbt& gut *
I"o&ko,! g eoliu*l.on" Eaee
lntor"va,le*

fmtestl&e1 oegm.rant' rnrii,€d
}*me {s *f*re i"n two rn$.n'**e
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ytgororr. ooatreotloa end rorrxatloa. lhc gut thea appearad to bc

deed for a perlod of about snc alnute rhea the scgnoat be6eu ooutraot-

frg ln a apamodlo f,arhlon rlth e altght laaretrc La contreotloa aad

tonur, but a cltght dcorcalc tn anplltude (Fig. 2S).

hbolluloac h l-30r0o0 dilutloa proituocd rn alryarcat locc

of tonua, arnplltude and oontrtotloa for a period of ebout two urlanrtolr

fhle raa foLlo*ed btrr a slorl vtgoroua oontrrotlon and reraxatloa,

rhioh gradually bcoamc vory evorr and rhfihrle rlth perhape a ellght
lnorease ln tonus aud anpl.itu,ite but a gradrral or prog,r€eslvo dooroaee

La oontraotton. Thie effoot mg evldent over e pcrlod of sme elx

ml.nutes (ftg. e+).

IhbelLuloae tn l-lorooo dll.ution produoed a loes of toaue,

anplltude aad contractlonl rtrloh lasted for e perlod of five mlnutes

rhen the aogment began ooatraoting sllasnodlcally rlth a dcoreaee iu
anplltude aad toaus but ao appareat ohenge in coatraoti.on (rtg. ?o).

ttebcl}ulone la a I-6Oo0 dllutlou produoed a dcoldcd d,corease

lu toaus and aapll.tude rlth a progresaive decrcase ia ooatraotlou,

rhtoh LaEtcd over a perlod of trenty-tro ulnutes uhen the traolng
beoame llttl.e more than a straight rlaee chorlng locs of tonue, anprl-
tude.and ooatraotlon (Frg. ?6rz7rag). at thia polnt the acgnont raa

rashed and fresh Lookets aolutlon added, ahorlng almost lmredlate
revl-val of the segment.

All the above results rere obtaraed frm the sane strip of
lntestiaal segnertr that le, they ar€ progroglive resurts ae reoorded

on oontiaued addltion of rmbellulone ln the for:n of a oae pcr oeut aoacia
cmultton.
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In ordor to chsck the absve results, laparete ptcocc of

lutestlaal cegaents rGr6 used for rtllutl.onr of 1-1OrO00 and liE0OO.

The rooultg obtalned frm 1-1@r0O0 dllutlon rcro elnost ldenti.sal rtth
thoae recordcd above.

ra the dllution of 1-5ooo the trnraly:lug offeot tooL place

over a longer perlod of tlae, rith latervealng aotloas ctgller to thoec

reoorded ebove (ftg. 8s).



'o+
l

.u{5F
5 

O
r,{

utr 
E

G
'

.rt F
{ 

6,
ispts
Itd$A
rrod
6E

aa
s5o
S

.e H
a, 

hl, {,
gr-
rtO

A
.r{ 6d
{r, o

@
es 

E
e+

)r{
O

'd 
t-l

q!
C

) 
lD

6r ro,
trod

r.{ G
f ,A

se
dt{ 

e
c6

a boo
trrlO
()f&

 
t

F
{"C

}
gS

{ai
P

{O
 

I
?"1 

r{
@

o
P

 O
q{

dtr$
sai
',8
Q

{E
a

'S
 .r{ *{

6frs
g 

Q
r{

r=
{ S

 {'i
4rd
cld
ct 

F
{

t6
aod 4f
do
.tl 

tO
 *,

E
T

'
{}*i 

d
4e5
l,lde&

J{
t+

rd
E

e
<

ts 
t

C
\l F

 O
,,{

s+
rd

ss 
ts

t* d€ 
$i

B
 

6to
Loord+

)
cF

.i Jq .tJ f,t
E

* 8.. d .C



F$gtare gg * S}*owleg nr*mt**!|, trae*ag
m:tberlfula.me e,rl o*t gu** Baee !'1n$
*ntervaleu

ec&d f,$rst effeste ef
ts t*m.a [u *we :a'"tmute

f&gi*re . S * 3*1$r00t) dl3ut$.om ef rxmbe3,,lu[m.e on eat 5u&*
Semt{:eustlcrr *f F$.gurem } aud f,o Seet$"e,rls te shm
effocts* Bas;e lLne te *Sxre Se trro m*m*t,o lntoryals"



F'fguro 86 * 1*S000 dtlut$*r
Coatinuanee ef Fl.gunee 8$,
trno mtnute intorvatre ,

of rrcbe!trutrc,:B,o on cat gutn
24 and, 3S" Basc 31ne ls tlxre la

Fi"guno 87 * tr"69*o
on eat gut. Baso

of,feets of !-S0CI0 dilttttom
I!.no ts *&no !a tro mSntrte

ef tmbellu!.onc
lntcrvelc.
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lrFP,cls oF IruBm,iliLoNE 0II REsPrBArrolL.uD BLooD-pREssIIRE

Doge wcre the oary enlnars used in thtr phase of the rorkr

A total of sevon dogc m'c uecd.

l{ethojlr

3he dogs rere rulghod and 1.8 cubr.o ocatlareterr of 4o per

oent ohlorotoac la 40 per ocnt ethyr eloohol (lu) per lcllogran of body

rttght ,"t5 trJcoted Lntraporltoneally. Tro and one-half houra leter
the dogc rrf6 prepared for b!.ood-prersure reoorillngs (re) (rg) ty
uetng e Booker u tube nercurJr uaawroter for blood-preseuro aad Bcolcr

reeptratloa plcthymograph for reoplratlo:r. Both respiratlou aud

616sd-prosaure rere ro*ordcd on a cfungle drnm $mograph.

Bcaults r

rt ruas fouad that rmbellurone, rrren grven irtraveaoualy, r!
a doet of ooSg oublc oeutruetors pcr kt!.ogran of boity relght producad

a rapld aad deoldcd fall ln blood-pr€rsure, fotlorcd b5r e progrcsslve

rfuo in the blood-Pr686ura, rhlch at ao tlne regalned the meaa pr6s8uror
lhe I'nJeotloa of a eecoad doao of slnrlar sr.rc, as stated abovc,

produocd dcath la a for nta'tce rith failuro ia recprratlonr forrored.
shortly b1r emeat of the hoart.

Protoool of Dog lto. ,Ir
8ex
}?e!.ght
Somal
llornal

5r57

5r55
6r56
7 tL?
TrlS
8rO7

Fcnqlc
82.5 pouaas (ll.e tilograma)resplratlon 84 por alaut,epulee gO per mtnuto

15o6 cublo ocutlmetera of 40 per oeat
chlorotoae lntraperttoaeal ly.
Bcsplrattoa 96 pir nlaute. -

hrlse gO pcr ulaute.
Secp!.ratlon 68 per ul.aute,
hr}se g0 pcr ntaute.
Carotld lnolslon aad fmsral inoisioa.



g?

Ecsplratisn 2? per nlaute
9166{-pres8ure 192 m of Hg.
hrhc 90 per nlautc.
fnJeotloa of ceven oublc aeatlneters of
2O pcr ocat tmbelluloae lnto rlglrt fooral
Yci.n.
Bloodl-proiEuro llm m of Eg.
Eeart elsrsr but apparently ltrongor.
hrlcc 81 pcr ll,uuto
Blood-prossure lSE m of Eg.
IuJeotloa of scven oubto oeatlnctere of
20 per ocnt rubclluLoae ln ol1ve o11 lato
rlgbt fmoral vctn.
B1sefl-presturo 1S5 m of Eg.
Rceplratloa ?5 per ulatrto
Bcsplratlon clsn and reaL.
&eeplratlon ocased.
61Es{-protsuro 187 m of 89.
Arreat of heart, 619q{-pr€ssura 1t0 am of Eg.

.lfter the btraveuouo laJeotloa of te?er oublo oentl:ucters

of 20 per eont mbelltrlone la oll.ve oll, (aa oqulvalcnf of l.E cublo

oontlmetora of tmbellulouo) therc ras r rapld and deoldled fall la

bXood-procsure, frm 192 u ts lS5 m of Borourlr, rith a dcarcase ln

heart aotlon end a cllght clorlag of the roeplratloa (Flg. gOrglrSE(A)).

Flgurc S? B rhors the tnJeotlon of an addltloaal soven oublo

ocntluctcre of 20 per ocnt rabcllul,oae ta ollvc o11 end the al,nost

lsneellate fall tn 6!s6{-pteasure fra 187 "qr to ts$ m of ncroury,

rlth a dcoldsd deorease ln hcart action. thc rctplratton 1r a llttlc
faoter aud morc rhallmr lhls dcoroase ta hcart aotl,ou rlrs follorod

by a allght lnoreegc la eotlsu of tho heart end e rlor but deep

rcsp!.ratloa. Ihc regplratlon bcoaree progrecalvely rlwcr and dceper

untll fellrtre f{aaLly rosulted. tho heart also booame progreeolvely

rcaker, aad fcll.urc sf tho heart oooured ebout me alnute aftor

resplratlon failure (ftg. SS).

8r09
8r10

8r11

8r1$
8rX7

8r22
8rS?

8165

8r66
8r68

8r59

the rane rccults rorc obrkrlnerl rhsn uelug a 10 per ooat



Flgure 50 - Sormal resplratlon end blood-
Braaeur€ of dog. Baso ltne ls tlne ln
tso ntaute latenalg.

Plgure 51 - IaJeotLon of asven oubla
sentimeters of ?O pr seat rmbelluLoae
et poinb narkedl wlth amow into right
fmoral veLa of dog. Bas6 llse le tlnc
ln trro ninute luborvalr.

Figure 52 (A-B) - Sh,clng lnoreaaed heart aotloa aad
deep reepiratlon lu (A) and the dooidled fall ln blood-
pressuro fa (g) oa a&lnloterlag soYan oublc oentlaetara
i,f ZO par oent tmbolluloae lato the femoral vein'of a
dog. Base Ilno ls tlme 1a tro ulnute latervsl!.
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colutloa of tubellulone ln ollvc oll, aad tho iloeage ras fowdl to bc

aiullar ts that reportod ebovc.

ro ohcck the resulte obrbalnsd on tho flrst four dogre 8oi

Fl.g. $8; nhtoh had boeu glvcn lrerLeus dlLutlous. of rnbcllulone la ollvo

oll, dogc [o. ] aad 2 rceaivcd ro por oout rabclrux.oae fua ollvo oll,
ilogl so. s and * rooeLvod 20 per oeut rabcllulono la ollve o1l, dogr

so. sr6 end 7 rooclvod udtlutcd tuberluroao, rhloh ree iaJceted lato

tho rlght f,caoral vcl.!.

Rcsultr fro dot f,o. Er

Scx falc
Jlctght ??.5 peuadr (u.a Hlograur)
foraal rceplretloa BB pei nlautc
formal pulec gO pcr alauto

6tso 15.8 oublo ocrtLnetcre of 4o per orrt ohlorotonc
lnJ cotcd latrapcrltoncal ly.

TISB hrlsc gO pcr nlnute.
7t69 Bccplratlsu S0 por alnuto.
8r0O Caro0ld aad fenoral Lnolslone.
8101 Elood-prossurc lgo m of Eg.

Besplratloa 88 por uiaute.

ErOS

8r04
8106

8rO6

Pulac gO pcr ptautc
ko eublo ccntlnctere of nadllutEd rmbellulono
laJooted lnto rlght fmoral vctn.
Blood-proroEro li,O u of ft.
Reaptretlon 5 per nl.nute.
hrlsc 45 per nlaste.
Rceptratloa fctled.

Slo6rsg Ecar* rtoppod. g|6q{-prcsruro ll0 a of 86.

1tr" raJectlon of tro oubl,o ooatlmeters of udlltrbail rubcllnloao
lnto tho rlght fmoral vel'a oaused e vcry daold.cd drep ta gleed-prcrrura

fra 190 u to 10s m. of mercur"gr. ?hlc toot prace rltht"a flfteea
seooada efter 35" tnJcotioa m,a omprctcd. rhero na ako a docreaec

ln horrt aotloa aad e tmporary arrcat of thc reapLratlou, rtrloh rres

follo;cd by a clor b,ut dcep rceplratlon. Both reaplratlon ead hcart
actj.on beoerne progrccalvc\r rcakcrn and frr'*lly ctoppagc of roapLrattou



69

aad arreet of hsert reoulted, rtth rccpir"atloa -feillng e fw seconds

beforo heerb arost (trtg. S*-A and B).

Dog ffo. 6 rag anacsthlccd rlth 40 par eent ehlorotoae anil

anren6ad for blood-proccofe, raeplratlor and latestlnal ooatreotlslr.

Bceulta oblataed frm do8 f,oq 8l

Ssx lilaX.c
iletglrt 82nS poundtl (tt.g Hlogranc)
fomal Bcaplratloa 68 por uluuto
Itorraal pulcc 90 per ulauts

SrSO

7 t0T
?r38
8r00
8r60
8r61
8t57

9:00

9r01

9r03

9rOE
9rO6

9tO?

15 aublo ooutlnoters of 4O par oant ohLorotoae
lnJoctctl latr*perltoncally"
Reeplratlon 75 pcr nLautc.
h,r1ee 99 por nloute.
Cerotld rail fmsrat laclltoa.
Blood-pretsuro 187 m of trg.
Bceplratloa 6O por ul.nutc.
IaJootton of oro oublo ocnti.noter of, uadilEted
rnbcllulono tnto rtght fmoral vcia.
Blood-prersuro L40 m of Eg.
Rcrptretlou 78 per ulnute.
hlce 90 por nl.nute.
316sd-profaur. 1,80 un of Eg.
Besplratlon 156 pcr nlaute.
Soooud L-'tJeotloa of oac aublo oeatlneter of
uadtltrted mbellulone.
Blood-proslure 186 m of Eg.
Rcepiratlon 84 per aLaute.
316sd-prorsur6 1,30 m of, Eg.
Bceplretioa 18 per ulutrte, elw arrd drop.
Blood-proagura lIO m of Eg.
Becpfuatlon osased, folloriet la a fw eccoudg
by arreat of the heart.

1tr6 ttJcotloa of oao oublc oantlmeter of rutltlutcd ubsllulouc
lnto the rmoral veLn produoed a ?ery dcaldsd drop ta g16s{-prgrcuro,

frm 18? m ts lrto m of aeroury, and proituoed a olight l,aorcacg Lu

latoctlral ooatru,ctlon. rhe reoplr.etLon boeaue very rapld and, rherlor
rith thc rarae lnrtlaL paralycil ec rcpor*cd on dog so. $ (rg.os).
lhe reuplratlon oontlaued to bc rathcr rrptd and eha!.lor, rlth intos-
tlud oontraotlone beomlug nore vlgoroue rlth'lnoreaao ln aoatrstlon,



Flgure 55 - Shorrtng laoroaee i.a heart aotio:l of tlog follonitrg
the dsoroaso produoeit by tbc lnJeotl,on of rnbellulone. Showi:rg
the progressive deoreaee ln heart actloa 884 rcsPiratlon, shieh
tc ftaaUy tcraLaatrGd tsy fallure of roaplratloa, foll'ored by
arrest of tho heart. Bass llao ls tLue in tro nlaute lntervals.

Flgure 54 (A anat B) - Shon{ng norsel. resptratloa and blood-
prEssur€ of dog frmr rlglrt oerottd artary. (B) shorg rrJccttoa
of undllutcd rmbellulone and subsequent drop ln Pros8ur6,
dooroage ln heart aotLon aad fl.nally falltre of rcapf.ratto'r,
follored by stoppage of the heart. Tlne l"a'ter seooads.



,t8

tsaug anil anplltuile andl thoa beooiag progreealvely vcekcr' the blood-

prclsuro roae rllghtly aatt the hcart bceanc ctronger (trlg. ge).

fhe lnJeotton of an adtditloaal oublo ocntlnoter of undllute{

rmbclluloac produccd a itrop la bLoocl-presruro frm 166 m to 115 m of

lcrourlflo Ihc latestlaal oontractlols booan€ l.1ttlo aore tbaa a

stretght Llno a:rd, flually ceesod. lhe rerptratloa bsoanc progresolvoly

rl-orcr and ilccper and flnall,y fatlcdi lhLc rac follrycil la about

fifty acoonds by ctoppage of the hcart (etg. gf).

lablc 6 ahors aoranl rerplratlon aad blood-Frcloorar trtth

the lorcet reoplratloa Enil blooal-preacuro rrsordcd follortag the f,irat
rrdeotlon of rmballalone aad the lorcst reaplratlon and 6166{-presauro

Juat bcfore dcath of the dogs follorlng tho scoonal laJeotlon of

rubellulone.

Iable 7 ehms the ohlorotsas anasthesk ompariEoa on dogc.

Flgure SB ahors the falI of thc blood-prossuro fo1lorlug the

tnittel laJcotlon of, rmbeLrulotee the ruhrcqucnt rl,re and thca the

anddca fall folIlrlng thc roooad laJootiou. All taJcotloae rorc nado

lato thc rlght fmoral vcla of the dogc.

Poet lfortar

The autopal,os of iloga tro. z, 8, r[, E and ? rhsrcdl ooagcatloa

of thc lungs rlth blood oloto. the hoart etoppocl ia dleltole. lhc

,l'nforlor rail oupcrl,or vena oava rad heert rcrc dllated ar rcre tho

othcr gre*t vctrelg.

Dl,aouacioar

the presenoc of the blood orotc ney bc axplelaad, by tho frot
that the pulmoaary olrouretion r.c brookcd, thur oaualaB r rutr*uring of



Flgure 66 - Dog 61ssit-proasurs, reeplrattoa'and lntesttnal
ooatraetions. * Marks the polnt of inJeotloa of one oublo
oeatlmeter of rmdllutad rmbollulone. Soale at slde lndioataa
drop ln blood-preeaure ln rc o? p1e*OWytr fll1e le tea geEondsr

Flgure 56 - Dog 6166{-preaoure, resplratics aud lateatlaal
oontraotloa. Showlag lncreased heart actl.oa, stlnulatloa
of lntestlnes aad rapiil but ghallw rospiratlon. Tl.ue ls
tea seooadg.

L65
L55
1[5
L1's
L25
115
105

95
D)

Flgure 57 - Dog blood-pretsuro, reaplratlon aad l:ttestlnal
ooqtraotioa. Aror lndiaatee the LnJcotlon of aa addltlosal
eubie ocatlmeter of rmdllutod tmbellulone lato faoral veln'
fl:ne ls tea sooonds.
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thc ertcrlolcr and uaII vcsscll sf the Lungo. Nco, rooor0lng to

$6[laaa'r (ZT), sardleo dllatlon dlulnlshea thc cfflolenoy of the heertr

produolag a rise ln pulnonar? prosgure rlth a fall ln arterial preeowel

ttrrua fevorlng thc produotton of pulnonary edme and. omdtquent ruptur-

lag of tho rnall vcslclg of thc hmgs.

Conolusloasr

The failuro of reeplratlon aauaed by rmbellulone apparantly

larolves rcveral. factors. rn el} probablltty rmbellulone aatc aa a

reaplratory depreesant. Thus rhen the reaplratlon bcoomes lnailequatc

to orygcnate the blood cuff!.oicntly thc hcart frlls aad death ooourc.

?ho faot that rmrbellulone produoeo rapid nethmoglobla al.oo probabLy

ooatrlbutee to the fallure of reeptratlon. Frm the autopaleo lt
appcart that pulnonat? otrsuratioa is blooked, thus raadrng to ro6-

plretory fallure. rt ms found that 0.?6 gren of oaffolne inJeoted

lntnvenouoly dtd not ctlnulate tha recpiretlon, thue chorrlng that

other fectorr bcaldeg thc doprcacloa of thc reaplratorTr oentar rcre

lnYolved.

lhe rapld and deotdod fall la blood-prcssuro lc probebly dtue

to a valo-dilatlon cffoot of rubcLlu!.oae. The autopsl.se shored e vory

tlooldcd dtlation of thc great vessers and heart. The feot that thc

heart end the great veesclc aro fillad rith blood ruros out thc

poaslblllty of oapllrery dllatlon, ae Lc produocd, by hlatentae (a),

uhioh produoes oapll'Iar1r dllatlon aud gubaequent faII ia 61s6fl-prcl6rrcr

Eorcver, ia the oesc of hlstaalnol the hear.b rill. be found to be

bcatlng ltrongly, but formrding no bloodo The iaoreesed heart aotloa

folrowlng the drop ln blood pres$ure io probably a aceondary cffeot



*?,

orucod by the fa}l tu blood-preasure, thue rcmortng tha aorual

tahtbl*ory aotloa of the voguse

Tho uintrnal lethal" furtravenour doae of rnbellulene la doga

ls about 0.178 oubi.c oeatlseters per kllogram of body relght, dcath

b6lag due to fatlure of the reeplratlon, foll.orcd ln a fsr seoonda

by ctoppage of the hcart.



1.

2.

{E

corctuslors txD Slnrr[aRy

Ihbcllnlone ln blood produoos acthmoglobla fur vttro and ylyo.

Ihbellulon€ produoor dooldled hmolye!.a of hrmann gulnoe plg end

horae blood.

&belluloae laJected lntraperltonaally lnto gulaca plga produoes

esplryxlatlor follerrcd chortly b5r death.

Iahalatlon of tmbcLlulone by gulaea piga lrrltatcs mtrooua umbranot

of cyco aad roae ead oauaes lregular reep!.rattoa, but thero l.s ao

lnilloatlon of resplratory fallure.

Ihbelluloao ta illlutlona of 1-80 klIIl lloatlie troploalLs end

Iryohopt$rtou tnterdigetelc tn one, thir;";r*y ntn*te oortaeta.

ra dtrutlona sf l-1o0 the one nlauto contaot. ta posltlve aad tho

thlrty aad slxty rrlnnte oontaot :regatlvc.

Ihbellulone ln the pr€s6r0oe of blood, peptone and gelat!.ao shom

btrt a sltght logs la funglotdal porer.

Ihbelluloae ktlla 8.. typhl (scara) aad staph. glbuq ta dllutLoas

ee hlgh ae 1-60O for flfteen nlauteg oontaot. the oetlnated pheaol

ooeff,l.otent le 6.26.

IhbelLulonc la thc forr of ar oluhrent, uarng iraaoun' as a basa

rhore lahtbttory end dlfftrelbtltty prolrrtles.
IlnbeLluloae produoes a dcorearo in frequency of the frog heart,

looc of tonur and a deoreaca ln the veatrlolc oontrcotloa. gtoppagc

sf the heart ooours la dl.aotox.c. atroplne, oaffelae or adreurltae
rnJeoted lnto the rlght otrlrm hes uo ef,foet upoa thc paralyzod

hcart.

Rosultg obtalned on frog heart rhow that rabellulone probably aotc

S.

4.

6.

6.

7.

8.

9.

10.



&
upo& tb6 r.Dc aorreg aad fibcru ao dscc rtroplne, elnoe p\yros-

tlgniae renlrerl the obalX,ulou!.zed frog hcar"b.

11. Ihbe1l.ul"sne ou fuol.ated rcgneat of rabblt *nd. oat gut la 1-100r9OO

dll.uttor proiluces a rll.ght stleulatlou, ln dltuttons of 1-40rO0O

or lece, produoec an appareut atate of depreestoa rtrloh progrcmec

t*o partlcl paralyalc. fhe duratioa of the paralytla dcpendc on

the dcgree of ooaocortratlon of the solt*loni tbs noro aoaocntratcd

thc solubl.oa the loarger enil ths eore c@Irl.cte Ls thc parelyrle.

Ifalhing rtth fresh Lookctl solutlon revlvos the eeguenta.

l?. ratravolou8 lnJectlons of unbellul.one oauscs a lororlag of the

5166{-prossuro aad felluro of roapiratloa ta dogs.

l,S. Iho ollaLaal rcrultc a:rd poct norten canrluatloa lad!.ottr thatl

a. Ifobcllulone prohbly acta as e reaplratory aad. heart

deprecsant.

b. hbellulone produoeo rapld nethoogl.obl.n.

o. Ihbellulone aplnrcntllr oausss blooklag of the puraoaary

oirouletlon.

Ihbelluloac eauaas vaso-dllatloa of the heart and grcat

Yeg6cIE.

f'he nla{.,al lcthal dosc of rnbolluloae ia dogs !.s absut

0.178 oub!.c centlncters pGr tilogran of boer relghtl
death bctag duc to fallure of the resplratlon, follwed
la a fcr mlatrtae b5r etoppa.ge of the heart.

d.

te
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