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Till Rl l.MION (»! \ II \MISI I7.S

Till Hi I.A If )N 1)1 \ir.\MIMS |t) |||| (.KuUIII

()( Vol \(, WIM Ai.s

H\ A Hki < I M \» M 1 1 M

I ri>jn til.' I ).ini! laiTU il I'.i! It.jim.. j! t hPtlit-tlv

rile j.i.-'l (' "'.itk' 1)1 r»'-<',ir(l> 111 llif tuM ul .miiu.il nutiiliun li.i> l<il lo

the tliM'iiMTV i)t a rifw il.i''-< dI -.iili>l.inii> in ilu' IimkI ^tiit]-- 1 iiii-^iitulinn

lilc .iiiiiu.il (lict.irv. Tin M' ( <>iii|Hiiiii(t« h.i\r Utii ilt>ii;ii.il(il "\'i!.t-

niino. Alt <.»()r\ I'.ntorMil ilu' I )ii'l . I \ii^ciiuii> llnrtiiKiu-nl ilu- l>iii '.

Till y .ire pri-^^-iU in iiiliniu>inial iiiiantilic- in nit. tin ai In Ir- nl llir ihi t,

liul tluir roll' in tin iU(ta!K)lii cyclr i-- imf ul the ^r«att--t im|i(irt,iiii <•

Sill i>*'<|iii 111 in\i>ti^alitiii lia> >li(i\vii thai llit\ an- csMiilial tur llu' \\r\\-

UiM^ and cvin ilic lilt- nt thf or^i.iiii^m iiM-ll Wiilicnii tlic-^- imii^-

(H-ii>.il)U'« U-nn'iit^ thf animal nil {- iiiialiK- to ma in tain it> ai ti\ itir- iiii-

iiiipaiic<i. I'l tin ,t(l<ili->n III Mihitrl In attain iiiirm.il ijrowlh I Diiiiiund

(lt-|)l iv.ilii'll li'a<U to liix-ax' ,111(1 iillii)l,itt-|\ III ((->>aliiiii i>l lili .

I ill- (lixuMTV til tliof ( (iiii|Miiintl> v\a> tin- roiiit nl a i;t-n«-i,tlii(n -

Wtirk tin tin- i-tiiilt)>;\ til iwti (li>f.'.>fr. Mt-ri-U-ri and N m\\ Tin m- aif

iKiw lvnti\sna> "
I )tlu ii-iit \ |)ixa>«->" |-'at li nl tiiot- (i.itlinlti^n al ttin-

tiiliiMi> i- tine III lilt- dietary dtlit itiii \ til a >i«( ilu >nli>l.iiu i-, wiiiili

in liic t a>t' 1)1 iH-ri-iKTi i~ k tiwii ,t> tin- " Ami lu-iiritii ' "ta:nin "
1 Kiink i

;

"\\'att-r S)ltil)K- r >iil)-lantr" ( Mi ( iilluni ). In ilu- i a. .- .if >iiir\\ tiii»

ilt-mi-iit ir> lalird iiit- "AnliMurlmlii Siil)>t,iiui- ". A third i.n inr a>MM i-

.iti-d wilii l.it-. t)t .inini.il tiri^in h.i-- iifi-n •*iil)M-i|iu-nll\ tlix ii\t-ri-tl. la'!

its dt't'uii'iuy ri'Milt> in a ki'iut.iI m.iliuitriiinn nl .1 (hrniiit t\|R iiiir-

plitatfd witii Xt-iiiphlhalini.i.

I. U'-ii-livri i~ .1 t!i~i aM- \\ tiit il w.i> Inrnifriy \\ idi'>priad tliriiii^iiniii

A-i,itic t lllll\lrit^ \\ 111 u- iMili-lud liit Imiiiitl tht- r.t.ipli .mil \;-r\ nltin

till- (inly artiili- nl dii-l Inr Innu jkiiihU II ii.i- ,ip|)<ait-i| in \,irinn>

pari> III Nnrth ,ind Niiiiii \nu-ri«a, nl lait \tar-. in i^nl.iiid pLHi--

wlli-ll- till- pnliuiatinll i> Inlil-d In iivt- nil wilili- llnm .diij pnx r\('d llli-.lls

(liiriii:; ilu- wiiiu-r ninnlli-. I in larlit-l nli-i-r\,ilinn-- nA;.iiiliin; ', in-

ftinln'4ynl tlii?- disi-aM- \M-ri.- 11! idi in tin- ( )rit-iu w iu-n- rii i- i~ put llirniiyli

a milling i)rnt.r>.-^, triiini('.ill\- >pnkfn n| .i~
" pnli>hiii'^ ", whiili rininvi->

till- i-m!iryt). pi a .irp .iiid niitcr la\i r nl tin- i;r.iiii wlmli rnntaiii- liu-

aliiimiu- ;;raiuilt-. Ilu- tii'i^lin! ailirii- cnn-i-I- alnin-I wlv ll\ nl ilu-
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starchy )).irt of \hi- fn(l(i>(K'rii. Tht- <il>j«( i of the |M>li>hin(( pi.. i» i«i

III (ibt.iii) ,1 prixliu't which ran U- ri.ulily riHikiil.

Vhf relation of tht- (lift to thr iniidcncc of 'he (liMas«> w.i> fir>t

{HiitilKl out by WVrnirh IIH7H), \'an l.iriil (iKHo). and Xonit rntatm

(|S«»HI Thfir roiu hisions iiulicatt'il that tin- <li>»aM- is ,ilwa\.- .!>•«« i-

•iltil wilti a (lift ot lii^;hly polished riic.

lAkm.inn iiH()7. 11 wa> able to indue ll)i> dixa-t in lnwl- whii ii

were led ciitirch' on |Mp|i«.|u'd rice. He df>i(inati(l ttii- ((iiidition "I'oiv-

n(urili> < lalliiiarnin ". It could Ih' rclifvcd whet) whole rice ^;rain wa-;

-id)-iiluted tor llie polished article. I'tirlherniore addision ol the jK-ri-

(.irp or |)olisliii)v;s had a similar effect ( l()H7. 2). I'or ihis r( ason, he

iiiHsidereil it .inalo^jous to iiuinaii lH'ri-l>eri. The curative snhst.mce

\*,i> ex'r.K 1( il from the poli-.hinn'^ ''V nuans of distilled water. Phvtin

was isolatiil (roin this (xiract in lar^e (juantities. '-ui this provid in-

( ITcclive when administered to fowls, in which the disease had Ucn
artificially induced. When the a(|ueous extract w.is diaivsed the .k live

substance jiiissed into the dialys.ile. It rem.iined in solution when (h('

( xtrat t was diluted with alcohol. If the solutions wiTe lualid to i2i}° (".

for a short lime they failed to exert aiiN' iK'iuficial influence on the course

of the disease ( !()(X>).

I'r iser and Stanton ( I«HH), I()I|) w re .d)le to cure the [>ol\ -neuritis

of fowls by treatment with rice polishinj;s. They were able 'o jirevent

the incidence of the disease l)y addition of the polishin^s to a diet of

|)()Iished ric( . The antineiiritic com(M)und could Ih- dissolved in alcohol,

W.IS dialysable and stable to the action of acids.

(iryiis (l()<)I, KHK)) reiKiited and confirmed Kykmann's work. He
was able to demonstrate the pres»'n(- of an antineuritic compound in

the Katjanj; Id(K' U.in and meat. When these were heated above
120° I", their ciiriti\e projxrties (lis;ippeared.

Breaudet (l()()f) used rice i)()lishinKs in the treatment of himian Iwri-

beri with ^'reat success.

HuNihofT I'ol (l(>lo) found that the aijueous extrad of Katjang
Id(K' Inan possessed curative projH-rties. He attempted to obtain a

coiuentrated fr.iction of this substance. The extract was treated wi'h

had acetate, but the hltrate, after filtering ofT the lead precipitate, still

retained its antineuritic projxrties. This solution yielded a crystalline

compound designated "\" acid, but no reference is given regarding its

therajH-utic effect.

F.ykmann ( liji^) used yeast as an antineuritic and was able to ex-

tract the active subst.uice with SX'7 alcohol. Funk (I(ii2) was able to

separate only a portion of the iK'ri-lxri vitamine from yeast l>y this

m( ijiod.
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SiiliM<|iu 111 iii\< -tiki.ilii.iis h,i\<- imiii.iliil lln- | -< im >'l ili< .iiiti-

nt iiritif \ it.imiiif in a mimlx r i>| (..<k1 -tiitK -m h .1- \ • .1-1. tt iiiiU, iMtlt \

,

^^;^; vi.lk, lx«f rmiM Ic, iix hc.irt. Iir.nn .iikI iiui-i 1< .
li I' 1

i»< ' . < lie. -.i

? .mil milk i( .inixr igl.V KM4I Win, it, in.ii/f hhI tut t.im. iiiiU.l

r<H', (KK M'Ik. >!« -in.mil iny (wl, .ii 1. m.ilt t \tr.i. 1, t.iw l't< I. cliiiil |hm«,

jK.i Hour, Until-, |..!.iI.h- .mil \'.i-t « hi> k .iinl llunn 1117. j).

I lloniA, nil t.ir ,m<l < nni |»ill<i Ptihtur .iint A'i.iin- nil". -'

>

I .\tlrinpt> h.iM' l«< 11 iii.tilf III i-i'l.il«' till Ml.iiiiiiii m .1 pim i..rm l.v

f ihiniii.il nil .111- I tu- v.irinii- tr.ii tiun- .ire ii-lnl li'i iIimi .1. ii\it\ l.v

f ,„|miiil-t, riiiK I" P'v;'""- '" ^^ ''"'"''"'''"'•'-''''""'"'''""'" ''"^ ""'"""'

triif rin- |Mili-liiiiv;- .mil \i.i-l li.iM Imii In-I .\lr.i. ml witli .lli.i i.>

nmn\r ill! Ui\~ I'lii-- ilix- nnl n iiimm ,iiiv ..I llw \il.;iinni ill'

j m.iUri.il I- (Mr.i. Ii 'I wilh ,il( <ili<.i .mil llu .il. ..Ii..| iim..\i.i li\ .v-ipLii-

tiun, \ifliliiiu .1 -Miiii\ rt -iiliif llii- .iiinni 111 iln . nni|".imcl 1- iir.>lMl.l\-

.111 or^.mir Imm -inn- il wilh>l.miU h\ilnii\-i- \<\ -tn.iiv; iniiniii .n h|

(I- link anil t (MUH r li(l I • I i.e -.iiloLmi « al-o n ni.iiii- .n liv « In n m ,i-l

i?. .uitolvMil .It V'^
* f'"' tw>niv-f<iiir hmir- a i.u)ki |i)l4- -'

'

l-link tl'MI) hyilnil\>*il tllr rr-i<llH' In.ni lllr .lln.linlir (\l:.ii I d l.r.

Irtc rin- piilishinv;'^ with Ji>' ,' -iilpliiirii .11 iil Inr iwiniN l.nir li. -

rhf ili.iniiiii' .uid tr.ntiuii ».i- pffi ipiialnl with })h(i-phntii!i. -iii . •

.mil llif .mlnuuriti. iumpiiiind w.i- mniplrtrU 1 .irriiil ili.wn with ilir

pru ipit.itf. riu- plii.-plnitiiiin>t.iti> wire ilt romiMPMii with b.iiM.i .mil

rc(li>M)l\i(l. rtir Mitiiliun w.i> ronrtntr.itril tu ilrviu— .mil tin nviilm-

ilisMiKiii in .ilinliiil. 'Vh\> .ilmhulir -nliilinn \\,i- tn.itiil v\illi .ili (.h.ilir

nil rriirir ihlnriiif. 'I'tii- yiiliUii .1 Miliiinmnil- prii ipit.itr whirli i.irriiil

(liiwn ]Mi\ III till- \ii.imiii.. whili- tin nni.iinili r -mmiI l«liiii(l m m.Iii-

tion. Thf .11 li\i- ?<nli-Miur \v.i> iniLiiril I'rnm Imtli ilu -i- Ir.u limi-. .titi r

M p.ir.itinii Irniii ihr nurciirii (hloriilr. Ii\ iiu .m> ut >il\«r nilr.ilf .mil

l).tryt.i. riii> pnripii.iti- vk.i- t.ikm. thf -iKir rniiuviil with luilrumn

Milphidi-. anil the risi Minn ^<•hltil"l * <'ni i nir.ittil in \.i. iii« hm r -.niphiirir

aiiil. .-X ir\-t.illiiU' -iihsiaiu" wa> tin.t.llv nhiaiiu'il whirh w.i- 1 \tr< nitl\-

powfrful. Imir niil!ii;r.iiimi<> wiri- -ultiiiinl to rtfn I .i riirr ni .1 la-i'

of avian iH.lyiuuriti-. l.i v;r,unmi> ni thi- •.iili-t.mn- wen- i>lil,iin<il

from ,^4 kili» of rii poli>hiiiK>- l"hi> conipoiiinl k.im' nnnr nt ilir n-

actions i h.ir.irtfri>lii- of ihr .unino .n ids. It w.i- -oliililc in .iliohol,

>liKhtlv soluhlf in hot w.itrr and iii-nliilili- in lold w.itir. it w.i- not

pri-ripit.itfd from -oliilion l>\ pii rir .uid, not did it nuit lirlow 200" C
By thi- iiM of ihi- .ilioM' pr(Mrs>, omitting thr prriipit.ilion with

meri'urir rhloride, a (-rxstallino rompoimd w.i- olit.iiiu'd from thf .ilcoho'

-olulilc fr.ution from drii-d yi-a>t (Kiink \')\2. ::). Ttii- -ul>-t.mrr

melted .It 2^1?,° ('. Similarly ;» <-ry^tallinl rompoimd. fni Inmi .i-h, w.i-

istilated from rire poiishings (M.P. 2,V '. niilk iM.l'. 2,V') and o\ ln.im
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(M.F*. 20.^). 'Phf silver-l)aryt.T fraction from limi- juirr was nUo curatix f,

but no crystallino comixiiind could Ik' pn-pared from it.

Since the pliosphotungstic acid prf<ipitatc> a large (juantity of

inactive material, adxantage has In-eii taken of the solubility of the

phosphotuiiKstates of .some of the bases in acetone. Kxtraction of the

f)hosphotun^jstati' precipitate with this liquid dis.solves a large quantity

of this pre'ipitated mass, leaving l)ehind ai; insoluble residue which

contains all the antimuritic compound. tr)gether with a minimal (juantitv

of adventitious material (Funk i«;i4, 4).

W'ddir and Williams ( igi.^) also used a similar method to isolate the

vitamine from rice polishings. They showed, however, that a siUer-

baryta methtxl does not completely precipitate all the antineuritic

compound. The solution, after remo\al of this fraction, slill contains

sufhcient vitamine to protect a pigeon from the onset of beri-U'ri for

a considerable time. .\ case of dr\ hum.in beri-beri w. is cured b\ treat-

ment with the crystalline com)>ound isolateil from the sil\c -li.ir\

fraction.

Funk anaKsed the.se crystalline comi)<)unds .md assigned the ten-

tative formula ('wHjhNjO to them. In \iew of the fait that these com-
pounds gave insoluble phosphotungstates and salts with the silver-

baryta mixture, he is inclined to believe thai lluse ((>nn>ounds belong

to the pyrimidine grouj) (n>i-2, 2).

Further investigation of these cr\stalline antineuritic b.i.ses obtained

from yeast and rice f)olishings showed that the\ lould Ik' decom[)osed

into several ((impounds. These latter had lost their .inlineuritic pro-

[KTties. Three substances were obtained from the vitamine from rice

polishings and two from that prepared from veast. In eai h i ase one of

the.se com(M)ir Is w<is nicotinic acid (Funk i()i,^, ,,).

.Suzuki, .Shimamnra and Odake (H)12I extracted the riic polir^hing-

vvith ether, then with alcohol. 'I"he residue of the aUoholic e\Ira( t was
dissolved in watir and treated with phosphotungstii acid, 'ilicv found

till' vitamine in the phosphotungstic precipitate. Ihe (iliratc w.is

negative. l)ei()mjK)silion of the prciipitale and concentration of the

precipitated bases yielded a svrupv residue whidi thev designated
" Rohorvvaiiin I". This vv.is severa' times more active tli.m the residue

from the original .ili oholic exlr.icl ol the yeast. The Kollorv/,min I w.is

dissolved in vv.iter and treated with t.mnic acid. This yiilddl ,1 dense
pKiipitale whidi. .iflcr rtinoval of the tannic aiid and ( onieiilratini!

ol the solution, gave a stickv n siihii- vvliiih was ag.iin slill more active

than the kohorvv.anin I. The liltr.ile from the tanni. a< id precipitate

had no dirative action. The fraction precipit.Ued by I.mnic .nid w,i>

termid " Rohory/anin 11". This latter compound, vvluii dis-olved in

^SW
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a(|iK<n.s s..luti..i). navr an iiiM.luMo |'i. raf tr.„n xvtii.h ' .rv-lallim-

aiiliiuiirilir suhstanri' w.is nl.tain.d. Thi<. li..\v.v.r, i- .miTarv tn tlu-

u<u\\< pulili^hrd l«v Funk iii)nV

ra.li... M.M.n-. SimpM.n. I van> an.l \V.i>M,r lOi-M aiunipf.l f.

pr,<ipiial,- tlu- a.liv .Icm.-nt In-m th.- al.nl,. .1 ^nluMc tra.ti.-n ..I n.c

nual. kaiianu Uan and vrast with lu^. and n.rmal Uad ac.laf \Mth-

,,.it Mi.r.>s. .\|•t.rr.m<.^aIol tin- l.a.l. liu' tiltratc was lotnul tn .nniani

all tlu- vitamin. It < nuld not 1,»- i~nlai.d as a U-n/nvl .-nmiH.und, nur as

an insnlid)!.- pl.>i inini salt. Uni al.nhnii.- .-xtr.nt- m ast i;avr nta.tivi-

ri-sidius. Tht-v nl.iaini-.l a inrativ.- Mil.stan.r Irnni vi-.ist l.v i.vatinK

M.lulinns nl thf al.olinl s..lid.l.- Irartinns with Uad aatatf. lili<rn,K.

nmnvinn tlu- Wm\ from tlu- liltratr and trt-atinK it with silv.-r nitral.- and

l,aryt.i. IV-i <>nipn>itinn <.f thi- silver salt, i-nnct-ntration nl the s()hnu)n,

yu'ld(-(l a hyurnsrnpic rt-sidut , insnhihlr in acttnni- aiul i-tlu-r. 1 his ( nin-

pnund wasfxtri-melv a.tivi-. f. m^r. U ini; sutVui.-nt tn cnn- a bfri-t«ri

piK(-nn. Ih.- irii.U- snl.stano- w.i- rrcrvstalli/. d with aU. .hnl. I lu-

purifu-d siiLsianri- .-..nsistt-d nt Itathi-rv <rvstats whirh, hnw.vt-r. rnn-

tainc-d hariiim and phosphnrus, iMw-il.Jv as an imimrity. .\nalvsi> uuii-

rati-d a formula CtHitNiO:,, whi. h 'h.-e .luthnrs t.-rm " rnrnlin".

l--unkii<)l.V nusinK.asawnrkmK 1.., -,s, his thrnrv that ttu-vitamnu-

was a pvrinii.liiu- rnmpnuiul. invt-stinal. d tlu- antin.-iiriiii prnp. iti. - o(

a nunilwr nt piirim-s ,iiul pyriinidims. MnM ni th.M- .lispla\i-d nihl

iiiralivt- pnwi-rs. hut wt-ri- in nn way ( nm|)aral.l<- tn that i-xhihitt.i by

tlu- vitamim-. ChaniUrlin an<l Vcddtr (K)!^) alsn >hnw(d that snim-

purints win- slii;htK antiiu-uritic.

Tlu- nu-tlKKli- ustd by th.- al.nv.- authnrs an- .-xih umv.-. tt .iinu> .md

unwii-ldy. .\nnth.r nuthn.l has In-.n dabnrat.-d whi.h takis advant.iKf

(.1 thi- <apa< it v nf tlu- \ it.iniint- in a<lht-rf tn adsorption nu-<li.i. Chanilx r-

lin and Wdd.r (1.)I4) nl.xrv.-d that tiltt-rinK throunh animal ih.ix.al

r. movid iMtt </ tlu vitaminc Ironi th(- -olutinn-- whidi th, y trial. -d m

this m.mn.r. It .an als.. Ik- r.-nu.vi.l Irnm autnlys.-d yi.ist li<iii..r l.y

tri-atnu-nt with lull.-r's . ,. ih an.l <li.ilys<-.l irnii 1 llar.l.-n .m.l D. /alva

i.jiK, 2). St-i.U-ll has utili/i.l this pr..|H-rty t.) pr.-par.- a stal.K- Imm nt

tin- vitamins Inr tlu-rapnitii use. Lloyd's n>au»-nt la hv.lrat. <1 aluminium

silicat.- us,-.i by I.loyd tn .disorl. alkaloids fr.mi ^olutuM^I i> tlu- nu.hum

(niployi.l. Wht-n a mixtuit- nt aut.>lvs.,l vi-ast li<iu..r is ai;itat..l with

this comixiimd tht- vitamim- cm Ik- n-m..vi-.l .ilm.>st .-nmpl. t.ly. 1 ilty

Knimiiu-sof tht' rcaKint niixt-d with tlu- li.iunr, whi.h ha- Ik.h r.-ii.K-r.-.l

arid (J',' U("l). will ftmovc pra.tuallv all th.- vitamin.- If<.m -nluti..n.

Tht- ri-anent is filtiri-d ..tt and lii.iln^^i. .il t.-sts -hnw that it lus n t.uiu.l

all tlu- antincuriti. proj)erlits .it the .iri^;inal li.|unr.

or ss^? ^9w73S ^SSr^^^^^iEd
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Kmnu-t and McKim (i<)i7) st-parated tlu' vitamine by adsorption
with Lloyd's reagt-nt and fulk-r's earth. Kieselguhrs do not exhibit any
adsorptive capacity towards the anti.ieuritic compound.

SuKiura (1918) dialyzi-d the aqueous extract of yeast against air.

The gradual evaporation of the dialysate on the outer surface of the
membrane deposited a cf>lourless, powdery resickie which was sometimes
crystalline. Biological tests showed that this fxiwder displayed highly
active antineuritic properties.

.'\ numlK'r of ex(K'rimenters have called attention to the association of

active vitamine solutions with a specific colour reaction. Suzuki ( iqia)
mentions the indigo blue colour given by ammoniacal solutions of rohory-
zanin with phosphomolylxlic acid. Funk (1913. 3) discovered that
vitamine solutions gave a blue colour reaction with the Folin phenol and
uric acid reagents.

The depth of the colour was also a measure of the activity of the
antineuritic substance. Punk and Macallum (11)13) have used these

reactions in the qualitative analysis of a numlxT of purine and pyrimi-
dine bases to obtain some clue regarding the relationship of these c-olour

reactions to the constitution of the vitamine. This work has been
carried on still further by N'icolet and l.ewi^ (i()i.^). F.ddy (1917) has
developed a nulhod for the C|uantitative estimation of the vitamine in

activated fullerV earth based on the colour de[>tli given by the phenol
reagent. He confirms Funk's results regarding the relation between the

antineuritic acti\ily and the intensity of colour given by the reaction.

The comi)oun(ls acUorU'd from autolysed yeast li(|uor by Lloyd's
reagent can l)e separ.ited and redissolved when the activ.ited reagent is

suspended in alidhnlir solutions of sodium hydroxide (5',). The inert

reagent is filtered nff and the .ilcnholic soluti(Ui c-ontain> the vitamines.

F-Vactioii.ition ot tlusi' solutions showed th.U adenin \\,i> the principal

(onstitueiii. riii;. com i >und posse»e<i no antineuritic properties.

These reapiie.ired, however, when the adenin was heated with sodium
ethylate in a sealed lube. The reapiHariiuc nf the activity was accom-
|)aiiied by the <le\elopment of a |)ositi\e reaction with I'olinV uric acid

reagent (Williams and Seidell ii)iC)). These authors (oncliide that the

active substance pre[)ared b\- healing the inactive adenin is an isomeric

fi in of the latter.

X'oegllin and White (ii)i()l heated pure adenin with sodium ethylate

in a sealed tube but were unable to find any antineuritic fiower in the

tiiiid produc t.

Sugiura ( H)iH) calls attention to the relation of the degree of curative

[lower of the <lepth of colour given b\ phosphotungstic an<l phosi)ho-

molvbuic M.\(\> with vitamine solution^.
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Attempts haw U-i lado to prepart- syiithvtical aiitiiuuriti (• (1)111-

pounds. Sfvi-ral of the hydroxypyridint's have shown a slight lurativi-

action whi'n freshly prepiircd. Their therapeutic {v.wer nra<lually

diininishes and disapix-.irs after these comixumds have Uen stored for

st'veral days, a-hydroxypyridine was synthesized in the form of needle-

shaped crystals. These displayed curative action on |K.lyiuuritic pigeons.

After s.andinj; for a few days the crystals changed to a granular form.

This latter type had no antineuritic proiH-rties (Williams 1<)17). This

au'lior holds that these two tyjx's of crystals are isomtrs. He (ondudes

that the antineuritic form of the hydroxypyridine is a pseudo Utaine

and considers this configuiatioii essential for the exhibition of anti-

neuritic activity.

Harden and I)e Zilva (I<)17) have also prepan-d these two ( rvstal

forms of hydrox> pyridine by Williams' metho<l. Thev wen- unable to

obtain any curative action from cither tyjH-s of crystals.

McCollom, Simmonds and Pitt/ ligiS) made histological examina-

tions of the cords of (Mgeons in the acute stage of iKTi-U'ri While the

major jM)rtion of the cells in the ci.rd had degenerated, thev were inter-

spersed by an occasional healthy cell. They In'lieve that the hydroxy-

pyridines stimulate the activity of these ht'alt'iy cells and wonlil thus

account for the antineuritic jniwer di.-played by Williams' Indroxy-

[)yridine preparation

V'(Kgtlin. Sullivan an<l Meyers fi()l6) found that corn bn .id which

had been baked with sodium bicarbonate as a leavening agent prcHliK ed

lH'ri-l)eri in pigtuns, when it formed their sole diet. I hey ascribe the

destruction of the vitamine to the combined ai tion of the heal and thr

carlxinatc pnKluced from the bicarbonate during the baking process.

.A speiial feature of this antineuritic \itamine is it> reaction to heat

and the action of alkalis. It is extremely stable to the .ictioii ol acids.

It will remain unaller»(l in mineral acid solution- i 2o'
, I i \iii wlun the

temperature is raised to thi- boiling (Miint and maint,iiiH<l for twtnU-

four hours (I'unk H)I1. kiij. 2\. Its activil\ remain- iinim|iaire(l by

the aition coiueiitrated hyrlroi hloric a( id at i)S^ ('. (StcinbiH k I1117)

Strong alkalis do not aHect it- curati\c pnwcr- .it ordinar\ icni|Hraliires

(SteenlxKk I<)17 It can withstand the action of dilute alkali- at room

temiHT.itiire without loss of therajM'iit ic power towards berilK-n, but

its weight maintaining (Muver is de-troyrd bv this treatment (Willi.ims

and Seidrll H)H)). X'ilaminc solutions liemme in.icti\e after the u-e of

barvta and amiii' li.i when these ,ire usid in the i-olation prcMCss (\ed<lcr

and Williams l<»i.V

It is rendered inactive by temju'rattire- at or alK)\e 120' (' loi one

to two houfr' duration vl'ykm.inii I'jo*). 'Wyn- \<}>>{, S h luniann I'Mi-.
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Parti, il flestriKtioii (ucurs at temjH'ratuio raiigrs iHtwtcn one huiulrid

and one hundred and fifteen degrees Centigrade (Shiga and Kus.ima

i«)ii).

Commerrial feeding stuffs (riie grain and meals from sia[)le rereal

grains) are usually deticient in vilamine content. When these are milUii

to such an extent that the phosphorus content is reduced Ir'Iow o.^'o

(fYaser and Stanton U)<h), kjio; V<H'gtlin, Sullivan and Meyers I«)l6;

V(K-gtlin. Meyers and Lake H)l8, i, t,). The fat cont* it of cereal fcKids

is a riiiahle index of its vitamine content, ,ind these two generally run

parallel (ViKgllin. Meyers and Lake iqi8. ;,).

It has not yet been di tiuitely determined whether the antineuritic

substance is a mixture or an indi\idual element, l-.mmet and McKim
(1017) U'lieved that there were two compounds, an antineuritic substance

and a second which is responsible for the maintenanci- of weight in

healthy pigeons. They find that this latter compound is not adsorln-d

to any aj)preciable extent by Lloyd's reagent. Williams and .Seidell

(l9Jft) also hold that there are two elements, the antineuritic and the

weight-sustaining factor. This latter (property) untlergoes destruction

when the \itamine has Ix-en subjected to the .iction of dilute alkalis at

room temperature for .1 short interval of time.

Very little is known concerning the actual riile oi these anti-polyneu-

ritic substances in the .iiiim.d metabolism. C.ryns (1901, I9(X)) believed

that it was essential for the metabolism of the tissues of the nervous

.sysi m. Funk (1912, i) made nitrogen and phosphorus estimations of

the brains of norin,il and beri-beri pigeons. In the latter case, the phos-

phorus was lower compared to the nitrogen, than in the case of normal

birds. This indicated .1 loss of lipoids from the nervous system as a

result ol the dise.ise. Schaumann ( 191 1) suggests th..t it may act on the

metabolism of the ner\ous svstem after the manner (tf a hormone.

There is a direct relation between the incidence of the disease and

the amount of carbohydrate in the diet. .Abderhalden and I.ampe (I9C^)

found that it t<M)k longer to develop the neuritis in pigeons whost^ diet

was boiled iMilished rice th,ui in the case of birds in whom the dis«>ase

was induced b\' a diet of uncooked rice. Funk 11914, 1, 2) ^'scribes this

result to the fact that the pigecms fed on the cooked rice, making due

allowance for the water content, actually consumed a smaller amount

of carbohv'dr.ite than the controls on the ])lain rice. He found that the

disease apinared in .1 much shorter [)eriod when the i\ < contained

large (juantities of carbohydrates. Pigeons on .1 low (an \(irate diet

w<'re the last • develop the disease.

Pigeons fed on a vitamine-free diet develop a hxiierglycemia while

the glycogen content of the liver diminishes. Ireatment of these cases
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with yrasi vitamiiu- .aust-s thi hviHrRlyn-niia to .lia^apinar ..n.l raiM>

the ulvcojfin lontint of tht- livt-r lo normal U'vi'ls.

^

Tlu- latalas*' n.nunt of t»u' ti^Mii- i> .liinini<li«-«l ^V 50', "> .<<ly-

m-..ritir piRi-ons, Tr.atnu-nt with the antiiu-uriii. Mil.Man.v t.mlr.l to

briuK thr tisMUs to the norma! ron.iition. Tl-f vitani.iu- <!.«> not art

as a ratalasi- activator Imt stimulatts th.- protlmtion ;.l ;hi> -nb-tanrc

by thf tissiK-s (DutrhiT and A.lams I<)IH. 1. and Cnllat/ I'tlfO

niman . lOlH. 1. 2) totcl the pharma. ..lo«i.al a.-.ion -.1 Mtamim-

prnurations. Th»«- stimulatf.l thi> .liKistivr ulan.ls. HUTi-asmK thf

amounts of thfir ris,H-<tivi' s«-,rHions. It in.rrasfd the t.n.- ..I U-lh

smooth and -triatr.l mus.lv. Its action is upon the m: vc .vntr.'s sinn-

its ifftTts arc inhiliited bv atropini-.

Thi- tissues of pijjfons sufferinv; from Uri-beri are never entirely

deprived of their vitamine reserve. An alr..h<,1ie extra, t ol a pigeon

which died durinu .m attack of UH-Im ri yi» Id.d a rcM.hie whuh, i>iucte.l

intramuscu! irly, etTect.^d a cure in a Inri-lKri pincon il unk i')i4. -''

II. Survv i> now definitely accepted as a detu i. luv .lisias<- although

its relation t^ 'he diet has Uen known tm over half a century. I he

first expeiimental work in this subject is that .,f Moist and Krolich (
K.12K

Thev pr.Kluced .1 di>*Mse in nuinea pi>{s, by conl:nin« tluni to a diet o.

Rrain and water, which was identical with the human tyjH' of the disease.

They studi<-d the distribution of the antiscorbutic element in the v.irions

iood stufTs and their results show that it is bmited to fresh lruit> and

vegetables. Chick and Hume ( iqi;. i) ami Rho.le. ( I<)I.M ha^e repeate.I

ami confirmed the wrk of Hoist and his co-worker>. In ...Idttion to the

food stuffs mentioned by HolM. they find that the aiiti-corbutu la.tor is

also present in fresh imat and e^Ks. Small (iiiantities ,ire present in

milk. Kresh yeast is ilefieient in antiscorbutic ix.wers. Harden and I )e

Zilva (Ii>i8. 5) could not obtain any antiscorbutic action with Uer

Lime juice and lemon juice have been the classical icmedies u>ed in

the treatment of this disease- for Kenerations. Lemon jui.v is ihe more

active of these two. while ^;rape jiii.e i> al-o >!iuhtlv ai.tiM orbuii.
.
Lime

juice which had been stored several months with preservative- h.i.l

U'come inactive iCliick .md KluKle's i()iN).

The antise-orlnitic (xiwer of lemon jui.e is not as^o( iated with the

organic acids which it contains. Lemon juice', Iri-ed from the or«anir

acids, rendered slishtly acid, can be evajKirate-el to elryness. The re-i<hie

contains the- antiscorb itic f.ictor m a very i«.tent condition. Ihe- lemon

juice can lie stored for two weeks without iiijuriiiK its .n tivity to any

imjxirtant extent (Hartle-n and L)e Zilva i<)iH, 1).
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Hoist and Frolirh (1012) hold that the acid rt-artion of the lime juice
is the factor which dctertiiines its stability when subjected to the action
of heat and prolonged storage.

The peculiar characteristics of the antiscorbutic substance are its

thermolability and its reaction to desiccation and prf)longed storage.

Milk (slightly antiscorbutic) displays a partial loss in its protective and
curative power after l)eing heated at 100 to 112° C. for various periods
ot time ( 10 minutes to 2 hours). The r >.te of depreciation varies directly
as the time and the temjH-rature range. Aulu-'aving milk at 120° C. for

a period of one hour causes total destruction of its antiscorbutic element
(Frolich 1012).

Pasteurized milk can prcKiuce scurvy in infants when it forms the
sole article of diet for a lengthy period, especially when it has iK-en

stored for more than twenty-four hours after pasteurizing (Hess 1017,
191S. 3; and Fish I(>I4).

Cabbage and cabbage juice showed a deterioration in its anti-
scorbutic qualities when heated at 1 10 to 130' C. The cabbage was more
resistant tr) the action of the heat than the juice. Desiccated cabbage
was quite inactive (Chick and Hume 1917. 2).

Hoist and his co-workers hold that desiccation is 'he most important
factor in the destruction of the antiscorbutic propertic. of fcxKl stuffs.

This IS the (ase e\en when they are dried at quite low temperatures
(37° <^") ^Chick and Hume 1017, 2). Cabbage, dried at low tempera-
tures, and subsequently boiled at ranges below uk)" C. was found to be
inactive (l)elf and Skelton I<)IS).

The American experience di».'< nut bear <iiit these claims in toto.

Dried cabbage is partially curative, especially when dehydrated at low
temperatures (37° to 45" C.) (Cohn and Mendel igiS), I )esiccated vege-
tables display a slightly diminished activity (Hess ami Inger igiM, 2).

Tomatoes dried at .VS° to6o°C. retain practically all their antiscorbutic
[iroperties (C.ivens and McChiggage 1917). C(«)king. i)rinr to desicca-
tion, usually brings about a complete loss of curative jMiwers (C.ivens and
Colin 1()I8).

Prolong((! .t-e and the action of [ireserving nuili.i both exert an
unfavourable ,ii ,, on the antiscorbutic power of fond ?,tiitT>. Cabbage
desiccated and stored for several monllis was inactive (Hoist and I'rolich

1OI2). i'asteurized milk stored for more than twenty-four hours is no
loiiKcr antiscorbutic and storage is the principal factor iiilhiencing the
de()reci.ition of this property (Hess i<)i 3. X)- Pre>er\ed lime juice and
(abbage dried at low temperatures and stored for live weeks haw very
we.ik antiscorbutic i)owers (Chick. Hume and Skelton 141H), Lemon
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juire afttT two wetk> storanf Ravf ividcmi' of slight (itiirii i.iiion in it^

activity (Hardt-n and Di- Zilva igiS, i).

Furst (I<)I2) was the first to asnrtain ihi- fact th.it dried UKiiines.

which wen- inactive in this state. .ic<iiiire<l antiMorlnitii (lowers when

soaked in water and allowed to germinate. This has Uen « oiitirined by

Chick and Hume (igi;. 2). They hold that in the dry coii.'.ition the

seeds have lost the antiscorbutic f)ower original. >
present, but thi> i>

recreated fiy the renewal of the cellul.ir activity iniliateil by the ger-

mination pnK-ess. In their opinion the scurvy vilaniine i> only .ismm iated

w'lh cells undernoing active nu tal)oli>ni which .ire rendered lurKid by

;, .sorption of water. They state that all cenet.ibles are antiM.rl.utic,

which are stored with the cells in this turgid condition.

Various attempts have l)een made to isol.ite .iiid identity tin .mti-

scorbutic compound, but without success. Its gei eral properlio hive

Ix'en ascertained from solutions and vegetable extracts. whi( h biolugii al

tests have shown to In- anti scorbutic. It is soluble in .iliohol and \%
acetic acid. It cannf)t Ik- st-p.irated by dial\>iii« its solutions, .md is

insoluble in petroleum ether (Hoist and Krolich km^). It cm U- ex-

tracted from f(KKl stuffs with t)?,^', .ilcohol iHes> .md liiiter i<)i-t. 2).

It is soluble in Wi',' alcohol solutions (H.inlen .md l)e Zilv.i i;(iH. D

The scurvy vit.imine h.is an ident'i\ |K-culi.ir to itself .ind cm l>e

tlifferentiated from the antineuritic and f.it soluble .ucessories. S» urvy

has l>een produced e\en when thest- two l.ittt-r coni|>ounds h.i\e l>et-n

prest-nt in the diet (Cohn and Menilel H)\H). Thi- i.it soluble .md the

antineuritic vitamine are incapable ot exertinj; .my ,intiMdrl>uti< jiower

(Hess and I'nger I<)IH, 2; <".i\ens ami ("ohn ntiXi. Mixtures of luto-

lvse<l ye.ist .md lemon juice, after treatnunt with fuller's earth, still

show undiniinishe<l antiscorbutic jKiwer, but the siliciie h.i-. rc-moved all

trac-es of tin- antineuritic subsl.mcc-. The- antiscorbutic |)ower of lemon

juice and yiast mixtures is not atfc-cti-d after tre.uni<-nt with di.ilvsc-d

iron and fuller's e.irth. but these substances (iu.uitit.ui\cly remove- tlu-

antineuritic coniftoinid. The- antiscorbutic subst.mc c- c .miioi be M-p.ii.itc-il

from lemon juice wlu-n this is passed thr(iU!,;h .i Merkfeldt tilttr ill.inic-n

and l)e Zilva lc>iH. 2..

The scurvy vitamiiu-. unlike- the- .miinc-uritic subst.iim-, doc- not

exert any effect when injected into the peritoneum (Hoist .md Iroiiili

ic)i2), or intramuscul.irly (H.irden and De Zilva icjits, i ).

McC'ollum and Pit/ (nu;) st.ite th.it scurvy i-^ not .i il<ti(iencv

disease, but due to the texture- ot the- diet which cmusi-^ .m inip.n lion of

faeces in the caecum of the guinea \n^- Tlu-\ .ire- of the opinion ih.ii the

scurvy svmptonis are scccind.iiA to tlu- .t-.itoiiito.xi; .itiwn toliov. im.; -.tti It

acondition. They.ittained ,i con-ider.iblc- degrc-e of success by .idminister-
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ing la\a;ivi's, intestinal antiseptics, and connvjtinds which rendered the

faeces more pliable, to jjuinea pips with exp«'rimenlal scurvy. Pit/ (lOl^)

fibtained a numlH-r of cures after addinp certain carlH)hydrates to the

diet of the scorbutic guinea pig. This investigator contentls that the

carlKihydrales, which relieved the scur\y. efTected this ch.inRe by altering

the tvpes of intestinal flora and conse(|U(niIy prexcntinn the formation

of autointoxication products b\ the putrefactive organisms.

The work of these authors has Inn-n repeated and the results ilo not

l)ear out the statements of Mc('f)lluni anrl Pitz. Rou^;haj;e and texture

of the diet are nf>t connected in any way with the production of exp«'ri-

mental scur\y (Hess H)iH. i; Cohn and Mendel I<)|8V (iivens and

McClunpage I I<)I')) arrive at sinnlar conclusions and U'lieve that it

is a spi'cific deficiency disease. H;,rden and He Zilva ( l<)lS, i, ,^1 demon-

strate the falsity of McCollum's conclusions that the laxative action u{

citrates- on the impacted intestine can account for its curative action on

••xjxrimental scur\y. They obtained ri'lief of this con'''*ion by the use

of lemon juice from which they had remo\ed all the citric acid. Their

results with carbohydrates do not confirm th<' work of Pit/. They ascrilie

the curative action of the compounds used by Mi'C'ollum and Pitz as

antiscorbutics, to an entirely different factor. These latter investigators

fed their animals on a basal diet which included as much milk as the

guinea pigs were able to consume. ("hi< k, Hume and Skelton (iqi8, 2)

showed hat at least kk) grm. of milk [K'r day must Ik- consumed to

prevent the onset of scurxy when animals an- fi-d on a scorbutic diet.

Harden a" I De Zilva are of the opinion that the milk was the factor

which relie\cd the disease in the case of the animals used by McCollom.

They state that if the daily intake of milk had been measured in the case

of the animals in which cures were obtained by McCollum and Pitz,

that the consumption of the milk mipht well have exceedefl the I(X) grm.

daily (|ii 'tit\-, and been responsible f()r the successful results which the

American authors reported.

The principal factor in the production of the scorbutic symptoms is

referred to the degenerated condition of the ca))illar\- walls as a result

of a scorbutic diet for long periods. The blood, in infantile scurvN', shows

very little \ariation from the normal. The clotting power is very

slightly diminished. The .scorbutic haemorrhagts are the result of

diminishetl resistance of the capillary walls to slight increases in the blood

pressure. The scorlnitic vessel walls respond to such increases in pressure

by permitting the blood to escape into the surrounding tissues (Hess

and Fish 1014).

The major portion of the work in experimental scurvy was carried

out prior to tlie discovery of the beri-l>eri vitaniine and the field this
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(liMovrry n(M lud up. TIr ri>iilt- .iml i i>ii« lii^ioii- nl Hi)l>l .iml lii^ i>>-

worktrs nui>t now Ik- riK.irckd with p<iiiH' iiMr\«- Itu ii li.i>.il (lirt>.

wliiih induttil m urvv, wi-ri- prDhably ditKUiit i>> .1 (trl.iin ixtmi in ilu-

aiitiiuuritii and tat M.liililf \ it.iniini'. ThiM- 1 nniliint d dtti< ifm it-< wmild

uUiniatily produif a >yinpt<nn ion\|iUx in wliiili thi' Mursy wnuld U-

romplir.itt'd li\ nthtr dftnicni \ disfar.i.s. Tin- wiirkrt> al tin l.i^tiT

In>titutr li.i\»- Minniiunlid tlii> ohjti lion 1>\ llie mm- uI .1 lia-^.d diet

whiili in(lii(U-> tin- (i(ii>uni|)li<)n (it hh) urni. <>l milk |h-i (Lin I>\ lluir

guinea |>ins. 'riii> ni\i-> a inu- ^mrliutic mndititm um iini|>liiati'd

liy dt'^t-nt-rativf iliani;i> rfMiltini; Irnni antimiiiitii and lai m)IiiI)I«-

dt-tuifiuit->.

III. Till' iariif:>t rt-fiTiiui- In tliv i-lTcit ot .ucc^Miry la(tiir> in llii-

growth <>l yoinin anim li^ i> lonnd in thi- work ol Lunin ( iSHi ). lit- w.i^

iiivii'tigatinv; tlu- rii/c of inorganic ^dls in the nutalHili^ni. In the lotir'-i-

of his t-xiM-riiiu-nt>. hi- had oii.ision to um- dit-t^^ ol dt^inaltil niiik and

artificial (lii-t> similar in comixisition to the milk pow.li r. a- it wa> tlitii

known. Hf noted thai thi- artifu ial ni.Muri-- lacked some i^xiitial i (»m-

poinid whose prcsinii- in the milk |)owdir tiialiK-d the atiintaU to grow.

Hi- m.tilc no in\i-stigati<in regarding this lompound.

Hopknis i !»)12I w.is tilt fust to show coniliisixels th'- e^i^tl-Ilcl• ol an

i-lement indispens.iliU for the growth ol \oung .inini.il-. which li.id

pre\ioUslv, with the al>o\i-notfd i-\ception, oiaped iioliif. lie leci

nits on a h.isal diet of part- laM-in. lard, stan h ami ,1 -alt mixture. This

in itself, while sultu ieni in (piality .iiul the energy reqinrements of thi'se

known coni|>oinids. w.i- mialilo to allow \oiicig rais to grow lor more

than a Wi-ek. or to -ust.iin life for more ih.m a month or ti\e weeks.

Additions of small <|ii.nilities ol milk .1 to ; ( .(
. ) lo ihi- dailv ration of

the liasal dii t resiiltt-d in a norm.il incren it in growth comparable in

all respt-cts to that of rats fed on nallirai lood mixture-. I'he -olids

in these- ipiatitilies of milk would noi ai count lor llie change whiih

demonstrated the presenct- of some element in miiiule iiuaiitities

in the milk, vhiih hail hitherto rem. lined undisi (i\ered.

Stcpp (li)Oi), 1912, lt)IJ-l,;. l')14) published .1 -eric- nl p.ipei- lon-

taining ri'sults obtained b\- feeding mice with ,1 mixture of n.itiiral lood

stuffs, which h.iil In-en extracted with .ilidhol ami ether lo remove 1 he

liquids and fats. This ixtr.iclid diet would noi support lili lor more

than a few weeks. When the extr.icted m.itcri.d w.is added to the diet,

it enabled the .iiiimal to m.iintain lile in ilorm.il growth. Sti pp >'in-

sidt-ri-d that the lipoids, remo\ed by the txtr.iction proees-. wiii' tli

essential factor- in maintaining tiie animals in normal londiiioi;.
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Addition of purf k-thirins and (hoksttrin lo thf cxtr.n ted ditt did

not niakf ^ixhI thi- dificiinry. \iith«r diil liiiittr nr neutral fat. He

«on(liKli<t th.it thf isMntial fa< tor, if a li(|iiid. wa> one hithirto unknown.

Milk roukl rtplacc the extracted material with e(|ually ^imkI results, Init

the essential compound was .issoii.ited with the (ilasma instt'acl of the

ether >olul>Ie jxirtion. I'he growth stimulalinn t.i< tor, present in th«'

ether-, ilcohol extract, was not in evidence wh< n the «xtracted material

was lM)iled in ')5' ,' .d( ohol or water for twd days. The t ss«ntial substance

cannot 1k' .i li(|ui<l since I.andirs (H)I5) has dt nionstrated that pure

lifM)ids |Miss«-ss no ^;ro\\th-stimul.itinj; jMiwers. Stepp concluiled th.it

this indis|H'nsalile »-ompou!id was ,i thtrniol.iliile lipoid, hitherto unknown,

whi( h could not be sNiithesized !>> the .inim.il tissues. I„itely ( 1014) he

suliscriUs to the opinion that the growth f.ictors ,ire the combined

action of lipoids and \itamines.

McCotlum and Davis (I«)!.^) fei' als on niixturcs of (as»-in l.ird,

• arbohydrates ,ind salt mixtures, which they .issumc<l, were chen ally

pure. Rats fed on this diet (;rew for sixty days, ,ind then ceased. Re-

sumption of growth followed when 5 to lo',' of thi' ether soluble

jxirtions of eji^ yolk .ind buvter fat were ..dded t,i the bas.il diets That

the diets cont.lined somi' face of the growth .iccessories is indicated by

the long preliminary jxriod of growth. Hopkins (i()i2) ustd a basal

diet of purifii'd substances which enabled the rats to grow for eight days

only, alter the initiation of thi' experiment. McCollum admits that,

prior to 1915, all his diets contained traces of the growth accessories

which accounted for this preliminary jK'riod of growth. The commercial

lactose which was iistd to form |)art of the carbohydrate in the diets

cont. lined sufficient of the growth factors to en.ible the animals to carry

on for the first two months on these diets (McCollum and Davis 1915,

2, .V).

McCarthur and l.uckitt (if)l.s) used a fiKid mixture of purified sub-

stances, free from lipoid.--, but failed to obtain any growth when lard,

olivt oil or butter was .iddefl to these artificial diets. The ether-alcohol

extracir of e;;g yolk when adde<l to the basal diets enabled the animals

to resume growth. The ether soluble portion of the residue of the

extract (the lipoids and fats) had no effect when added to the artificial

ffMxl mixture. The gr:wth factor could Ik' extracted with cold alcohol,

but was not so efficient when the extracts were maile with hot alcohol.

They conclude that the antineuritic vitamine is the factor responsible

for the growth of their animals.

Osl«)rne ami Mendel (I<)I3, 1914, 3; 1915, 3) purified butter fat by

melting at 45^ ('. and centrifuging off the watery portion .»nd the solids,

at a high rate of sjxed. This gave a clear yellow oil which solidified
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wh«n <<«il. Thiv ffd animals oti .m artitii iai ilirt whiili « iial>U<l tin iii

to uri'W tor thnr months fnllownl l>v a ^«^^aIitln ami a-Mitiat«<l wilh

xtruplilltalmi.t. In mhim' i aM s tin y «lirliii«(l anil (li«<l. Stili^liliitioti <>(

a iM.rliim ol thf lani in lh«- IihmI niiMiirc witii tlii- iiinilud Imttrr lat

torni hil all tins*' pathoiuKiiai liatiir«>, -tinnilalcil tin rt-iiinpiinii of

nnrnial ^;ruwlh, lii aird np the x» rnphtlialmia .md riiaMnl the animal>to

attain their iinrni.il ^jrowth and > ajhi talimi nl lilc. ('(hI livi r ml .md IkiI

(at |K)xs»'SM'il tliiM- >anu- prnp«rti«-. On thf dllur hand, .dnii.nil nil

and lard faiU'd Inixirt aTi\ Uncliiial intliiriiif whin addnl in tin tliitt*

111 ihof .ininial>.

Ihiv v;rn\s t''i-pn.inntiii^; la(tnr ni tin- Imini lal wa- iminjnnd atlrr

lnil)l)lin>; live >tf iin thrnunh tin tat Inr iwn ami niu-hall hour- riity

Mparatfd mit the hi^;h<r imltiii^; |H)int lat Irnin the niixtnri- l)\ r«--

I ry^talii-inv; with alcnhnl. I'lic txapnralinn nl thi' .iliohnlit >nlntic)n

Kit Irthirl a .War yt lluw nil. whiih innt.iiiiid .dl thf urowth-proniotinK

prn|HTtii> <>: thf iirinin.il Imttfr tat. riii> \tlln\v nil hii.itnf inactivf

.iltir Uin^; >tnrtil Inr mmt.iI mnnth>.

Stft'nlKxk (1<)1H) imind th.il this Imittr I, it ai(t>-nr\ \\.i> .dix iii

frnni l.ird. Kiittfr which w.i> nni >altfd. imt -mrtd Inr Mvir.d numths,

h.id ln>l it> j;rnwth-prnmntin>; prnpi-rtif^.

Thf fat Miliililf atffssory can In- nmnvfd 'mm tlu' luitlfr lat when

it ha?- Ikiii >hakfn with twenty i-nnsf( ntivf p<irtinn> nl w.irm <li^till«tl

water tMcC'ollnin. Simniniids .md StfcnlHick ti)!;). The was-hiiins do

not fxhibit .my nrnwth-indu( in^ pmjHrtif- and app.irfiitK thi> i>ro-

Cfdiirc rflldtr^ it inactive. Mnllfii liutter l.it . .i^;itatfd fnr two hoiir>.

with distillfil water, or h«'ati(i at hk)'' <". for the j-.imf W-nnih of linif,

f.iils to ^linlulate uroWh (Steenhofk. Kiiit .ind Hoiitwfll l<M^<)-

This accfssory is also found in slight traits in l.irj^f s«'fds such as the

wheat, corn and oat grain. Sm.ill seeds, the niillit. Hax .tnd hemp .ire

fairly will supplied with this flenient (Mct'olUim, Simmon<ls and Pit/

1917). X'eget.ilile oils, deri\nl from thi- sunflower .ind tdlton seed,

wheat grain and olive oil are deticii-nt in growth-inducing prn|Krties

(McCollum and Kennedy l>)l'i). I'he li-avf^ of .tlf.ilfa .ind cilihagf .ire

extri'inely aitive and this .iccessory is evidently prepared .md stored

where the metalM)lic acti\ity of the plant is .it its m.ixiniiini. Kxtr.iction

of the oils from plant tissues liy «'X[>rission <ii. ' fat soKi'tits le.ufs the

fat soluhle aiier>sory Inhind in the pl.int lisMies. It is presitit in thi'

tissues of the plant in .1 comhined form which is lilxT.ited liy the a'tion

of the digestive juices of the .inimal and stored with it> reserve of fat,

from which it can lie separated by the iisu.d fat solvents (McCollum

Simmonds anil P:i£ 1917).
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Tin Soy U-an contains a ronsidiT.iliU- ainoimt of thi> l.it miIuMi*

a«r«Nsory (( miorni- and Mtmli-I nn;. I; D.miil-and \i(hol> 11)17).

Thi- urowth-promotinn pro|Hrly assoi iatid with lat> ran U- iMtlattil

from animal tissiH-s by thr usual fat solv<nts. It lia> Iwtn found in the

rtluT fxtrarlsof driid pin hf.irt and kidmy (M( ( ollum and l)avi> lOI.S,

3) an<l testicif ( I<)I«), I).

Muttrr sul)stitutf^ whiih arr niadi- from Uff fats or oloo oils an-

physiolo(ji( ally «<|uival»'nt to hutli r in tht ir urowlh-stimiilatiiiK pro|)«r-

tiis ThoM' i)ri|).irfd from \tnital)li' oils an- iiiad((|uatf in \h\> r«s|M'(t

K\«n niart;arints m.idr from olto oils vary in thiir fat atctssorx (oiittnt

(OslMirw iiid Mi-ndfl n»i,s, V Drummoiul and H.illiliurton I<»I7;

Sti< iihotk. Kini and lioutwtli igiM)

rhf at tivity of hutti-r, -.torfd for lun^ (KTiixl- uttiinatily dilrriorati's

(Sttrnlx.i k. Ki-nt and Roiitwi'll li)iH).

M( I ollum an<l l)avi> (Hd.S. ?,) and Kt iincdv ( i<jl'>) and Simivioiuls

an<l I'ii/ It')!'" tind. that in addition to lhi> tat m>IuI)K- ait(ssor\
.
a

second factor i^ oMiiti.il for thf normal growth of animals. McCollum

(Usit;natt> the fat at i issory as thf fat solul)l»' " A", and the siroi.d tat lor

thf water solulile " B' comiiouiid. Both of these must Ih' present in the

diet to enable the animal to run a normal mursc of e\i>ten(-e. This

water soluble f.u tor is soluble in alcohol, but not in ether, hind -tiitts

rontaiiiins ihi "It" compoimd (an U' txtracted wiili ether lo reniose

the fats, and thi n extrat led with alcohol to obtain tin- -iibstance. It is

prai ticalK' insolubU' in atetoue. iK'nzeiie an<l ethylacelate. It li.i> l>ei-n

isolated by the above invesli^.itors from coanulated tat-tre< egK >olk,

wheal embrxd and milk \\he\ . Its ]iresence ha* al>o iieen demon>tr ited

in rolled oats, pot.ito jui(f. dried kidnev and lalibam It i* preMiit in

small (|uanlilies in the navy Uan. This factor i~ identical with the

antineuritic \itamine, siiue it effect-^ cures in c.ise> ol a\i.in polyneuritis

(Mc( "ollum. Simmond- .ind f'ilz I()lH, \). ,1 view c ..nl'irinid bv the work

of I )ruminond 11017. 1 ).

This water sdlubU' growth accessory i> prex'nt 'm ntilk 1 llopkin- li)I2;

McCollum and Davis i()i,s, ,s: OslMirne .in<l Mendel loi^. t ) A\n\ protein-

free milk i)owiler (Osborne and Mendel Ii)l7. 1' Osborne and Nbiidel

found thai the milk \sa* not as .ictive as yea>t. They could not

duplicate the results of Hoi)kiiis ll<)12) with milk, whik' the proteiii-lree

milk powiler ranked i(|U.il lo \c.i>t in \l> coiiteiil of the water Milul)le

vitamiiie (( UboriH' ,ilid Mendel U)lS. I).

The preseiue of the water soluble ,i( cesMirv has abo U-iii denKMl-

str.iled lit dried pit; he.irl, li\er, kidney and brain. >bi-'cle tissue conl.iins

oiiK small tr.iK-of this ai live (oinpouiid (Osborne and Nb ndel t<)l7. 2;

li)lS, 1.21 Thi-- is in accordance with the re>u!l> of ( 'oopir ( li)l.;. I<»I4).

^ l^mim-'^
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whi. fi.iiixl lh.it it w.i> initv^irv t.« iim- l.irx.- <iii.intiti.> nf imi^. U- li--ur t.)

.•ff«(t .urt- in .xiHTim.i-t.il iHri Uri K.llv li.i« -hown that .il.nh.'l

ixtrait'* <it |).imn.is .irr .il>l«- t.. ^limiil.iti- ymwlh m \ .iiiiK rat-, vkhii h

havi' Urn fcil on a vitamim-fn-f (lift ( l<il(>i

Thf waliT xiliilile a(t«'»<iry ix i .>iit limd in li>-h \tn«lal)lf lx>'1

•.tufT>. tMx.riK ind M<n«l«l havr >h(»wni lliK .al.li.iKi>. altaita iii'l

timnthv |xi«M-)v«- -mall (iiiantiliis of thi- iKintnt, wliU- -p'"" •' •' ''"'^'^

attivf in thi^ rt>(H<t (i()itj).

Xarioii". attinipt?. have l»tn nuilf to ixdatt- thr water >nliil>lr la< tor

in a ton(«-ntriti(l form. K<l«ly (i<»i<>) iix'i the mrth<«l l>y whiih Kiink

isolatiil thi'antintiiritic vitamitu'. Hf um<I al. oholi. extra* t> of |>.in(rtMS

The precipitation with phosphotiinjjstit aeiii n.ive .( precipitate wh.-.-

orKanic re>i(Ui»- had a >liKht •.timiitatinn at tioii on tlie growth of yoiinn

r.it.- fed on an at lessory-free tliet. lurlher >iiiHlivi>ion of llii- re>idin l>v

m1\( r nitrate ri-xilteii in complete (U>trui tion of the ){rowth-promotin>;

pr..|«rty. The filtrate fmm the pho>ph >tun«sii. (,rei ipit.ite pro\e,|

iit>;,itive. l.loyd":' reagent adsorlnd prat lii.ill-. all the uf'wtli i>\ - i^

taininn element from these extr.it t- of the pant rea-

Driinimoiul (IQI7. \) foiinil thac phi^photunnHtic at iil tarried dM\^n

the water miImIiIc accessor\ fri>m yea>t extract-. Itnt it- attivilv In I

untler^jone )).irlial diminution. The acce»ory wa^ also asMw i.ited wil

the acetone in-oliilile fr,ictit>n of the phosphotuimstic a< id precipit.iie .1

prt)(Hrt\ sh.ired in mnunon Aith the antineiiritic \ltatniiie. The di.iU-

site from yeast was treateil with silver nitrate .ind the re-iiltini; precipi-

t.ite nave a residue whith wa: feelily at |i\e. 'I'he tiltr.ite wa- nt>;,«tive,

I.e.ifl atetate faileil to pret ipitate the w.tter soluble act t-sors .

The i-ol.ititni of the sit.iniines hy precipii.ition with plu^photiinn-lii

atitl and met.d salt- has alway- re-ulteil in .1 gradual d.pret i.itioii o'

the atti\il\ ot the accessory fattor with t .it h -uc(is>ive -tep in the nr.i

lis-. Wtltler .m<l Williams ( Hd,^) st.ite ih.it the haryt.i u-<'<l to det-im-

|Hisc the plio-pli(Miiiii;-l.ile- i- the prim ipal t. it tor in the ilelerior il'on.

'id ,i\(ml this, \n'\ aitt.ite ha^ l«t n sul>stitiiled for b.irvt.i (lunk -md

I )riininuind 11)141.

Drnnininnil 1 1<»I7. 1 I st.ites lli.it the Vdluniinoiis jiret ipit.ite- re-ultin;;

from the separ.ition of I'le pret ipitatini; re,ii.;ent- .id-^>rli the m ijor

(Kirtion of the \ itaniine, so tli.i! the liis> tan he at touiiti d \'<r in ihi-. w.i\ .

I'.'.eciiii antl Ktl—ell ( ii|l^) ohtainetl an alcoholic solution ol the w.iter

sitluhle atiis>or\ fioin t iiltures of tvphoiil haiilli. Tlii-t' t xtr.u 1- L;i\c

the l)lne re.ii tion with I'olin's uric acitl re.iijent, while the 1 iiltuii ni> li.i

were ne^;,ni\t In ilii> rtat tion. The |>resuinptioii i^ lli il the oi>;,mi-.n\-'

can -\n;he-i/e ttii- .i(tt->ory from a medaini lientieiii in lir- ie>j)e( i.
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Rom-nhfim (1917) txtr.ntid lu.it, which li.id Ihch roltid 1)\' tht-

nctidii <if atToltic soil ()r^;aiiisms, .itid IouikI that thi^ (.xtract incrraMd

thf rati' of jjrowth of Primula st'tillinj;s as i-oiup.iri d with control plants.

<>o ( .c. of the extract was siit'ficicni to hrinj; this al«>iii. The extract

frrun rotti'd [KMt jjave a \oluminous precipitate with |)lii>'^photiinv;stic

<icid. A lar^e fx>rtion of the precipitate was insoluhle in .icetone. This

lattir fraction K'*ve a jK>sitive rt'action with the Kolin phtnol re.ii;ent.

llxtnict of the mirotted [H-at ^;ave onl\' a trace of i)reci|)itate with phos-

jihotungstic .icid. The soil organisms >iri' prohaliK' the .ii;cnc\ respoiisilile

for the syntiiesis ol a lar^e portion of the material thrown down li\ the

phospholimnstic acid. Possibly ihev are also responsible for the syn-

thesis of ihi- accessory compounds in tlu' rotted [Rat, but the unrotted

|Hat extract was not investij^ated .is to its prowth-promotinj; |)ro|Mrties.

The water soluble accessory in stimulating the >;rowth of vonni; rats,

appears to act primarily throu^jh 'stimulation of the apjM tite. Its

addition or removal f: 'm the ffHxi mixture has always Ih'cii followed by
an increase or decrease in tin' food consumption. Hopkins ( li>!2) stated

that cessition of ^'rowth t(M)k place prior to the decline in the fimd intake

.111(1 concluded th.it its eftect on the appetit- was secondary, .1 view

supported by Osborne and Mendel (n>i7, 1). nrummond (loiM)

found that he could obtain increased food I'onsumption of diets, dtlnient

in this access< ry, by stimulating the apfn.ite by me.ms of tl.i.during

agents. The increased consumption of these deficient diets w.is not

accompiinied by any cnrresjxmding increase in growth. This demon-
strated clearly that the accessory did not ,ict through stimulation of

the ap|)etite, but created the dem.md for increased food consumi)tion

by its action at some fwint in the metalK)Iic cycle.

In addition to the fat and water soluble accessories, Harden has

demonstrated that rats cannot attain their maximum growth, unless

the antiscorbutic factor is also included in the diet. His animals grew
.It a greater nite when fed on a diet containing the three accessories

than animals whose diets cont. lined only the f.it and water soluble

accessories (iQiS, 4).

Drummond (ic>i><) studied the nitrogenous metabolism of rats fed

on diets deficient in the water soluble factor. The only v.iriation from

the normal was a creatinuria due to 'he w.isting of the muscle tissue

whc n the animals were losing weight ."here was .ilso .1 slight f.ill in the

tody tem[Hrature. I'xtracts of rapidly-growing tisMics such as the rat

tmbryo .ind Rous siircom.i were unable to furnish sufficient sup{)ly of

growth vitaniine, and extracts of some of the endocrine glands were like -

wit-e inadequate.
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Til." .mini.il ii>MH> .irf iiii.tMc i<i -\iulu-i/.' ttuM .ic.t--..ry t... t.>t<.

Ydiinj; i>na^t If.l ral^ .ire un.it.lc to ^mw wluii iIum- ,..mi.<un.N .irr

.il.Miit Irnm tlu' <li»t ..I tlK' ninilur iM.C.lhmi. >imiii.'n.N .111.! I'll/

H)i<>, 2).

In llif (.i>t- ct 111.111^11,11)1 Iiiinor-. wliiih .irt .il.lf l(i^;row vtrv rapully

,ui<l ..It.iin nl.iMVilv lari;. -i/i^. it niiK»it 1«' pnMiiiu.i thai llu- Ii-mus

(,.ul<l >vntlu>i/c iluir nwn a.vi-M.ri.-; .-|«<iallv a- tiu\ an .It. 11 >iip-

p,,rt..i i,y V.I V, a. in. lie and. niaiial-.l 1)..M-. Tiiuk 1 KiM) iiu<-ti^;,it.<l

iht r.a. tion ..t lli.' Knii- -an.Miia ol .lii.k. n- tn ihc i.r.>.n.i i^r al-.n..

Ill tlu' ^;n)\vtll aiioMirii- in th< <li. t. Tb.-. <\p. rini.ut- w.m iin-ati-

la.tiiry. l>iit ill.' 1. ikI.iu \ \v.i> I'T tli. ini>,..r in.>. iilalmn- I" k'^* •' lar^;« r

luimlHT til t.ik.> and uruw iiiur.' rapidly wh.ii tin- plan.- ..I viianiin.^

intak. of tli< li<'>l> wa- a1 it- lii^li.-t l.\.l. IUn«<ii.t and Kali.- lulj)

iiM.l ral- wliii li wir.' on arlilii iai (lift- wiiox vitamin.- lonl. nt .\iu\ lood

intak.' ...iild !«• .ucnrat.ly r.Kiil K .1. Tlu tnnior ino. ulaiion- ^;r. w

niori' rapidly and attaiiitd miuli largir >i/.> on rats l.d a di.l .ontam-

inn an almndant ^ui)|)ly ot a. . i>>ori.-. than in ..im- wli.r.' llu- am>-ory

lonttnt ol till' .lilt W.I- r.k;iil.itiil -< .i> to provi.U' only ior ilu- m.im-

tiii.iiuc ol w.inht of the h..^t. In tli.-<- ( .is. > the in<H nl.ltion sliow.tl .i

low. r (X'r..iitaj;i' of t.ik.> .in. I tlu' tumor- ^;r.w -lowlv hut .it tli.' cxp. ii-c

..f thf ti>-in- of th.- lio-t, upon wliiih it .UihihIkI tor it- vit.imin.'

Mijiply. Drnmrnotul (1<»I7, :;) found th.it tnmor- .i;r.w upon r.its,

wh.isf a.Tt>Miry -iilM'ly w.i> K-tri.t.d or .ill ofT, until th. r.-»rvf of

vitamims in the ti»u<> of th.' li.ist wtr.' . \haii-t.<l. '! h«' tumor j;rowth

rta.ted most r..i.lily wh.ii the wat.r -oluhlf f.i. tor w.i- rtniov..! fr..in

th.- di.t of th»- host. l-.\. lusion of th. tat soluM.- .iK.-Miry from tht- dit't

..t the .inimal pirmittt.l th.- lunior to ^;row for i|uili- .1 1. iiRthy |H-rio<l

btfort- it-tk".lini's»t in. Thu-, tumor ..11- ar»- -imilar to thos«-ot ordinary

ti>-u» Uilh in nutriti.mal r.(|iiin-nu'iits and syntlutiial iK)Wir.

KXIM.RIMKNTAL.

Ti.HMgi K UK K1.1 iiM. nil. .\mm\i> rvuiKLUiN.. Kxi'i:k:mk\t.

Th.- animals usi-d in th.- following s. ri. - ot .-xjk rim.-nt- w» r. .ilhiiio

rats. In .1 f.-w cixs, v;rt-y an.l whit, and lil.u k .iiid whit.- anim.ils w.-ro

tmployi-d. M.ik- r.its w.-r.- iisi-d in pri-t. r. n. .- to f.mal.s, wh.r.- possihl.-,

siiuf thi- form, r v;row niort- r.ipidly .md .itt.iin v;r..it.-r w.i>;ht-.

Th. rats tak.- r..idily to ih. synlh.-ti. ili.ts anil ..in U t.d -u( h

niixtur.-s imm.-di.it.ly .ift.r w..ininK. Smi.- .inim.il- li.iv.- Imn jiut on

th.si- (litis when a lortnij;ht old .mil 14- iK ^r.imnH-s in w.iKht.

Vhv .-i^;<s iiM-d .in- .1 nuKlitu ,iii«n of ih.- typ.- um d l.y Hopkins .it

Cambridm'. This ..i^.- i> -liowii m li^. 1. It is .onsiruit.d with .1

(LtaihaMt' toji; and .i bottom oi j;.ilv.mi/.d inn wir.-, -oldutd lo tli<
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fraiTif. The wirt' forming the I)ott()m is spiralltd in ronccntric rings

from the centre to the rim, and is soldered to two cross supiX)rts at right

angles to one another. The feeding devices are a i)air of arms pnu-cting

laterally from the sides of the (age. I his arm is made up a horizontal

part with a vertical member at its extremity. There is a hinged d<x)r at

the interM'ction of the horizontal and vertical portion for the intnxluc-

tion and removal of the fixnl receptacles which are [)laced in the vertical

portion of the arm.

As rats are inclined to scatter their food, e.xperience has shown that

this can he avoided by devices wjiich prevent the rat turning around

while feeding. These are conical -shaped tunnels which are inserted in

the horizontal part of the arm from within the cage. Three sizes are

f)ro\ided to accommodate the smallest and largest sizes of rats c.ipahle

of use. These tunnels are shown in the al)o\e-nientioned illustration.

The gla^^s apparatus below the glass fuiuiel i> used to separate the

linuid excreta from the faece> .ind particles of f(K)d miy ures. The liquids

. liere to the bulb and trickle down and drop into th. small glass ve.-sel,

vhile the solids rebound from the glass bull> into the large beaker. This

cievice was in\ented by Paine at the Cancer Hosi)ital Roearch Institute,

London.

The cage, as modified b\- the writer, is shown in lig. 2. The various

[)arts of the cage, "knocke<l down", are ilhistr.ited in Fig. 3.

The later.d fet'ding arms h.ivt- been pi.iceil on the same side of the

cage at an angle of .vs"". Spaced in this way, ihey can be refilled and
cleaned more conveniently than in the original tvpe. The vertical part

of the arm is funnel shaped and has an orilice .it the lM)ttom. The
fcHKl re-eptacle can Ih' removed and held beneath the .iperture of the

funnel-shaped part of the arm, at)d the particles of the food mixture

brushed from the horizontal [wirtion of the (ompartment into thi' vertical

part, caught in the food pan, and weighed b.uk with practically no loss.

This tiiablis one attendant lo look after .1 l.irge number of animals

with the mininuim of labour .ind lime.

The cage [)roj)er is ii"\f/' dig. 3. ,^^ .nnd i~ constructed of sheet

zinc. A fi.uige A" vviiK- runs around tin- bottom, projecting inwards

towards the n'ntre of the cai;e. This su|)ports the wire grid which forms

the iiolldiii of tlu' cige.

The bdltotn of the c.ige (l"ig. .V 5) is detach. ible and ( oiistriicted ol

br.i-^s wire spiralled from the centre to the rim with \" intersp.ices.

The spir.d i^ soldered to he.ivy i rnss sup(Mirts. The whole is he.ivilv

nickle pl.ited .md highly poli-hed. wiih the re-ult that food particles

an;! exrrel.i lio p'lt aiihere lii it but drop thmugli to the funnel.
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Thf caRC ref.ts on an 1
1" tin fiinml (Fig. ,^, l) which i-* a -tnrk artiiU"

ith the lowtT tuhiilar (I. Tin wa>: ulili/nl in pla«f ofwitn tnc lowtT tui)ular |K>rtion rrniovnl. I in wa>: uin

glass iH'cause war ronditions rt'odtrrd this ly|H' uni)l>tainabl«'.

The top of thr cage (Fig. 3, 2) is a p»Tforatt'«l /ini' sh»'«t f.jsttiud to

a zinc rim J" dct'p, which fits snugly over thr top of the i.ik«'.

The funnel is supjMirted ufwm .1 I" >trap iron stand dig. .V 4)

l,<;" high, whirh is coated with aluniinuni paint.

The luill) for s<paratinR th»' fluid and M)lid excret.i is shown in Fig.

,^, 8. It is 2\"\2" antl is susjHnded by means of th«' hook to .1 lirass

wire soldered across the ojH'ning in the l)ottom of the finintl.

The object of the tunnels in the feeding arm is to ()revent the .mimals

scattering the diet mixtures, and contaminating them with their txcreta.

Kxperience h.ts provt'H that only two sizes are necessiry. (>ne (shown

in the illustration, Fig. 1,, 10) us<-d for small sizi of rats, has the

aperture at the narrow en<! f" in diamet»r. The size us«(l (or rats up

to 250 grm. in weight has i-n aptrtur" I ]
" a( ross.

Hopkins i>laced the water re(«pt,icle in one of the l.iter.il arms.

The author found that in this cast' (two rats were kept in one i.ige) a

g<iod deal of struggling resulted, since Ixith animals -trove to fe<<l at

the same lime. ("onse(|uently i-onsider.d)Ie .inionnts of fixid were lost

through lieing carried into tht' cage. This was avoided by utilizing both

arms for food containers and providing a glass drinking fountain, held

against the sidi' of th«' cage by a nickle plated spring brass cli|) (Fig. ,V '>)•

The fcKxl contain! r (Fig. 3, <)) i?* made of spun aluminum, it is

I J" diameter at the lop and tajMrs down to l" at the Intttom. It will

hold up the 20 grm. of the food mixtures. Two were us»'d for each

cage. They are verv' light and are all ap()roximat(ly the sami- weight,

so that the daily weighing out and back of the food mixtures is rapiilly

larried out.

In actual practice on" attendant, with .t supply ot duplicate parts,

can change the food containers and contamin.ited p.irls of the c.igis in

a very short time. The knocked down feature of the t.i^v rei\(lers all

the parts accessible for cleaning and sterilization. This l.itter condition

is essential for the success of this t\pe of feeding experiment.

Rats do not as a ule scatter the diets, but are very (lean feeder-.

In the few cases where the diets were clawed about .md scattered, the

animals had b«'en on a restricted dii t for some time .ind were not in a

healthy condition. No con;amination of the ((kxI or w.iter oc(urred.

Tni: nn-.T mixtirks.

The diet!.; are marie iij^of mixt!;ri - <.f a pr.-.?iin, f;!t, 'TTrb-'hydra'c ar;.'!

a salt mixture. The-*- diets furnish the « tiergy rtcinirem iit- of the
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orn.iiii-ni .tivl lire MitYn iiiit, witli llif cxcfplioti of the vit.iniiiif Kint.nl.

for .ill tin- lui-ils of tlif aiiim il nutrition.

Thist- dirt mixturi> Ii.im- Ik« n cmployitl for sonu' years l)y various

invtstiKiilors. Hopkins (I(>i2) was tin- first to ncoKni/i- llu- possibility

of « ontaminatioii by suli-tantcs wIiom- prcst'iuf could not lit- di-nion-

stratcd l>y liu- u>ual methods of ihemii.il analysis. He purified Iih

proteins and carlM.hyd rates liy extraction with alcohol ;ind iis«'d purified

fats. Mis salt mixtures were prepared by ashinn tlie natural Un»l stiitT^

which previous experience had shown to Ih' fully adeciu.lte ill all resiMCt-.

Diet mixtures made of tht^so purified sid)stances did not sup(x>rt lile for

more than a few weeks when administered to rats. On the othi r hand,

diets made from commercial preparations of these substances en.ibled

the r.it> to c.irry on for a much longer period.

Mcfollum (t<)l,^) stated that his rat> ^rew on the^' .irtiticial diet

for .(iK.ut sixty d.iys. but Liter (McCollum .uid Davi-- I<»I5. .^) •'»" foun.)

lh.it lii> lactose prepar.itions. prtsumed pure, contained enouk-h of the

srowth accessories to enable the rat> to k^ow durinjj the earlier jM-riod

of the exiH-riment. This was the cax- even when the diet contained onlv

lo',' of la(tos<'. When pure ilextrin was sul»tituted for the lactose,

the>e diet- did noi l)rins .ii)out .my increase in growth.

Drummond (Hii^)) detected tnices of nitroijenoii- (omixuinds m
commen iai |)rei);iratioiis of l.ictoM'. He w.i> .ibU- to demon-tr.ite

th.it l.utose coiU.iining these impurities li.id feeble Rrowth-induciiiR

proper tli'>.

Hopkins and Neville (km;,) found th.il diet- made 'r, ai commer. i.il

prep.ir.ilions of these food stuff- could be rendered free ol ,ic< essory

sub-t.uucs Iiy exir.ii tion with altohol.

Osixirne .ind Mendel (|i)i2, I. pp. ;,5''. ,V>i) cl.iim to li.ne .)bt.iiiu-d

succe--liil growth in the ci-c of ihiii- r.it- ted on ,i diet inadi' up of

.ipp.ireiitly pure m.iteri.il-. Thev further -t.ite th.it dnl> tree from

"lupoth'.'tic.il hormone-" enable anim.il- to atl.iin their maximum

growth increment. Thi- is not in accordance with Hopkin-' cxpcrieiue

(HUJ) tor he found lii.it r.it- could not s;ro\v for mon- th.iii ,i week ot

li\e lnnu( r than forty iLiy- nil diets m.ide up of m.it.ri.il- pri\iou-ly

extr.icted with alcohol.

In the mi'ior portion ot their work on the t;rowth ,ind melaboli-ni

of r.il- oil llir-<- .ulilui.il di<-l mixliiic-, ()-I)oriie .uul Mein'c! ii.-ef! ,i

protrin-lVie milk ixivvder to funii-li .1 -iip()l> of -ilt- and l,icto-e. Tliis

w.i- iii.-cnt to lih- extent of 2.^' ,' of tlirir food mixture-. Sub-i-qiiriltly

(1017, n. tl'.r\ h,i\>' .i-(iTt, lined th.it thi- dried milk re-idue cont.iir.ed

the w.iler -iiluble un-iwth .icce—.ir\- in. .mioiin!- e'lii-il l<> tlir-e pre-eiit
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ill \<M>t. Tin- l.iitiT Mili-'.iiuf K'^>' fXt'flU'iil rrMill- in -lirmil iliin;

jjrnwtli ill r.il- when mixfil uitli ihc l).i>.il did.
( "unimtTci.il < iM-iii wa- ii-f<l hy I lif writtT ,i- llu- prulcin <-(>i).-<titiii-nt

in tlu* iliti mixliiif. Ii w.i^ rfiidiri'il ,i( ((»H>ry-tri«- liy rrtluxini; fur -ix

hi>iir> with l)<)ilin^; <)5' ,' .lUnliul. Tlie hut mixturi' w.i> fillrrrtl. w.i->lit'il

with <),s' ,' .ilcnhnl ,111(1 clhiT. It wa>- then driril l»y --priMdiiiii nut mi i

talilf .ind the ttht r allowed to rva|>orati- s|xmlancoii»ly.

V oinnurcial lard was iis«-d ,i> a source ol tat. It wa> .uitix tavcd t

three hours at 12o'l'. to inarti\ate an\ |)os^il(le trace ol acresMirie-..

This proceilure w.is or... tic! Liter on (r.its 2<xi-2i)) without iiiilow.ird

result^, >uice lard w.i- suhseiiueiitK' --hown to Ik' tree ot any trace of

irres>ories (I mxirne .lud Meiidel iiM.S, I; I )runnnond .tnd H.tlihtirton

I()i7. n
.Su^.ir .iiid I oiiiinen i.il (oriist.irih foriiu d tin i arlMiludratc coni-

jionenl ol the f(W)d mixture^.. 1 hes«- coiiiiKninds were us«<| ,!•, purchax-ii.

withoui underv;oiii^ further puritication.

I he s.ilt mixture i-. one used hy ( )-lK)riie ,ind Mcnilel i |i»l ;. I . p. ,^17).

which exju'ri 'lice ha» pro%en suitaMe lor the --.iline rii|uireMirnt-- of

jfrowint; 1 it^. Mixture l\', iiiiiui- ihi l.ictose, i- the preparation um>i|

liy the writer.

( .iseiii w.is M-lected a-- the |)roleiii, since it contains IhiiIi tr% {ttoph.ine

and hsin. Roth tlie>e amino .k iiU are esMUtial for the m.iintenanci'

of tiorm.d lilt talxiii^m in .inimals. Heiiriijues 1 icjoS) u-miI a diet mixture

in whiili till- protein w.is represeiiteil liy .t mixture ot .nniiio .uids ol>-

t. lined l)\ h\droli/ini; lert.iiu jiroleins. \\'lu-n (he li\droUsis hail

priKceded to :-iich ,in exiciil th.it llu amino a( id mixture i;.i\e .1 nev;.iti\a'

tryptopluine n .11 lion, the .inim.ils l.iiled I' laint.iili the nitroi-eii h.il.ince.

llol)kins and W'illocks ( |i)(rf>l witc uti.ilm to yet rat- to live loiter

than a tew week- when the protein in tin- iliet w.i- one wliiili did imI

colli. lin the try[itopliane radicle. .Addition i-t liil- p.uli. nl.ir amino .icid

to the looil mixture-, cn.iiiled ill' animal- to ren , .ilise, ion\ertin^

the jo-- in \M ii^lii in III .1 li.iLuu e or -'ii;hl yain.

( l-iiorne ,ind Mcndi 1 ( i<)i-», I ; 1014, 1 . 2: nils. 2) h.ive c.irried out ,1

lenylliy -eric- ot experiments on the import, iiue ot i-MJ.iled .imiiio ,11 id^

in the .mim.il mct,ili,ili-m. I'luy tind lli,it tr\ ptoph.ine i- iu( e>-,iry tor

ill ni.unleiMucc ot weij^lil ,iriil tli.il the ,iniin.ii- dec line when tin-

compound I- not inclndeil in ihr con-tilnlion ol the protein ot the diet.

Moth tr\ pl"pli,ine .iiid l\ -in mu-t tie pre -en I in the .imino ,n id lomplex
ot the prolein ol ihe-e .irtiliii.il did- in order tli.it the ,iiiim,il m,iv !•'

en.diied to ;;r<i\\

iiopkin- ,in'j ,\<kr(p\d i|<)l')i lii\e -linw n th.ii ln~tidm .md ,ir;,iniii

mu-t .il-.i lorni p,iil ol the protein complex of the d'el. to en.iMe the

.uiim.il I .,r.>w .it ,i noini.il r,ii.'.
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Cawin mu^t \k- prt'sint in th«!^ (iitt mixturt-!* to thi- txttnt of 18%
in orcItT to furni-h tht' prottiii rti|uirtmints of growing animals ((KlK)rne

and M«ncl»l igi.v i)-

THK KAT SOU'BI.K r'.ROVVTH FACTOR.

The invt(itiRations of Hojikins (1012), had prrviouhly shown that thi'

tiMiai (onsiitmnts of the ditt, hithtrto tdnsidcrici Mitiflciint for all

ri(iiiirinnnt>, wtrt' not alonv rtsj»onsiblc for the growth of adoUsctnt

animals. Thf nunt work of Funk on th ' etiology of iM-ri-lM-ri had

o;Hn«(l up .1 nt w exixrimental field in animal nutrition which enaWled

many proliKms to 1h' investigated from a fresh |K>int of view. The

hy|H>thesis assumed by the writer was that the phemmiena of growth

in adoU s< ent anim.ils were brought alK)Ut by some di»tary factor similar

to, and jKissibly Inlonging to the same group as the antineuritii vitamine

iliseovea-d by Funk. Acrt)rdiiigly a s«ries of investigations was initiated

on this ba:-is, wht n a jJiijHr by Mct'ollum (i<)i,0 apiaared. followed

shortly after by that of ()sl)orne and Mendel U)«.^\ in which they

ascrilie pi'culiar growth-promoting prop«'rties >. butter fat. While

these pro{)erties might Ik- peculiar to this grouj. of fats, it was also

possible th.ii the butter, Ixing ()re[).ired from milk, might h.ive retained

by occlusion, some of the vitamines from the milk. It was considered

advisable to consider this phas*' of the growth (juestion In fore pro-

e»»'ding further. .Accordingly the first step was to ascertain the presence

of j)o.-sible traces of accessories in the butter fat.

Twelve kilos of tiutter were melted at 45° ('. and centrifuged at 6,500

rivoluiions per minute for forty-five minutes. The molten fat had In-cn

tiaritii-d, forming .» cle.ir yelK)W oil underlain by a layer of water and

solids (Kposited by the centrifugation. The oil was pijKtted ofT.

The a(|ueous layer was (ollected and filtered through a moist paper.

Its volume was I.^ck) c.c. It had an (niour resembliTig that of cheese.

Two Milunies of <)5',' alcohol were added and a white gd.itinous pre-

cipitate came down which consisted for the most part of casein. The

[)recipitate was (tntrifuged ofT and the li(|uid concentrated by v.icuum

distillation to 2i)o c.c anil hlttred through a moist p<i[)er. The total

nitrogen of this fraction was 2.2,^ grm.

The butter fat war n'. 1 in the following manner to remove possible

tract* of \it.iniiiies. . i. .v.ts melted at 45" I "., 5(K) c.c. [>ortions were

mixid with 5<h) c.c. of ai . .ne and poured into two litres of water which

<(iniained \'[ of hydrochloric acid ( Kahlbaum's C.P.). This yielded a

fine ( mulsion which was airit.ited for thirty miiuites by a mechanical

shaker. The mixture was then put in a separatory funnel and the

l.iyers allowed to separate at 37° C". The aqueous layer was drawn off
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and fillircil (hrnuKh a tnnJ!-! |).i|k r ThiV pr(K-t>!< Miac rcfKatt'il until the

wh<i!< nf thf fat from 2,s kiln* h.nl ln'»n tnatid in thi^^ w.iy.

Th»' aqueous «AtMri- win united and tdnctnt rated l>y vaeuum «li>-

tillatittn t«) alxtuf I so e.c. at .^7°-4«)'' ('. anil filtered thmnnh a nmist

j>.i|Hr. The dilution wa- cl.ar oranue yellow and K>ive off fumes of

hydroi hloric arid, it w.is nuide up to 2<>(> e.i .

to e.r. c>f this solution k-'^*' *'.S e.e. \ U) suiphurie .u id l>v the

Keldjahl. while the CDtitrol on th«' re.i^ents rei|uired o.j i i. The whole

Miluti«in contained o.DihX jjrnis. total nitrof;«n.

^ > of ;!ie v(.!; :: II \^»Tc cv.ifior.ited to drvn ss in vaeuo over

suli)huri( at id. The residue w.is roloured det p liffAii and w.i- hv^;ro-

-eopie. It wati mixerl with eopinr oxide .mil the nitrogen d< terniined

liy the Dumas method. It yieldrd i.<i c ( . of nitrogen at I'y°('. and

75') mm. 'I he whole Milution contained 0,02^4 gfTis. nitrogen.

The solution gave no colour with th«' I'olin phenol re.igent .iiid w.is

neg.itiM to the uri»- ai id reagent. It uave a precipitate with the phos-

photungslic acid. The (|iiantity •( the precipitate was iii-utfici«nl to

provide for further subdivision.

Tht liutter f.tt, after the aliove tri.iltn«iit was extrac ted a second

tim«'. One kilo ot the liultir fat was rethixid with 1,5110 c.t . of i',',

hydrochloric acid for -ix hours. This process w.is rejH'ated on the whole

mass of f.it. Thi- .Kpitous solutions were scpar.itcil from the f,it, liltered

through a moist imper and comcntratid 1>\ vacuum distill.ilion to

2(K) c.c. 10 c.c. iif ihi- solution gave 0.7 c.t . N to sulphuric .uid

by the Keldjahl. The lilank re(|uired 0.2 c c , The total solution con-

t.iined 0.014 Kfii"- of nitrogen.

20 I .c. were cvaiH)rat»(l 10 dryness in vacuo nvt r -niphuric acid and
the nitrogen of th< residue, whi( h w.is brown and hvgroscopii, w.is

determined by the Dumas method. This gave 0.222 grni». nitrogen for

the \vhf)le Milution.

The solution g.txe .1 po-itiM' phenol .ind uric .iciil re.iciioii. .\ pre-

lipit.ite cime d.iwn when tre.iteil with iiho-pholung-tii .icid

It is cle.ir th.it the method umiI by < )-born( .mil M- ndel ihn- not

completely purify the butter f.it of nitrogenous com()ouiuN whiili might

fM>ssibly lie tr.icts of \it.imines. Subs»r]uently (()slH)rne .ind W.ikem.in

I<)I5) h.ive found ^ni.iil tr.icis of nitrogen .ind pho'-plioni- in the butter

I. it alterceiitrifug.itiiiii. The<|u.intilie--(if impurities represinted by thesi"

.imounts ol phosphorus .uid nitrogen .ire not mn^idered b\ iluiii .is

being ,ible to influence the cours*- of growth in .inim.ii- wlinse diets

contain their purified lnjtter fat.

The f.it filirified by the double extr.ii tioii with ]'", hMlrix lilorii .uid

w.ts iiMfl as the f,:t fraction in .1 number of fetding niixtiirtv ,,f i.i-ein.

I
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suR.r .tar.ti. fat .iml ,1 .alt mixture. A lar;jc n.imlH-r <.f prelimintry

oxiKTimiMits showf.1 that thi> mixtiirr would nut niabU- tlu- animals In

urow InnKCT than a w.-ok. aftiT which tluy HiTlincri in weight and <i,.'<

ift.r V»-45 'l'V> snhsi.tina- on tlusc- (lifts. Thest- f.M,.l mixturi's iK-haved

a, it lluv woro .ompUt.lv In-.- of ac.fsx.ries. Butter itself Rave the sainc

re>i,lt, with the .xcei.ti.... that the rats lived a few .lays U,ngvr on the

'"' lt"iVw.ll to .onMder at this stage that Loth McColhim and Ostx.rne

and Mendel ohtaine.l their r.-siilts from Initter fat on n.ts who consumed

a diet tliat enabled them to ,;tow for two or three months before a-ssa-

li.Mi s,.t in Th.- ad.lition of the butter fat enabled the animals to

resume the delaved growth. Obviously the initial .liets containe.i traces

„f same jirowth-stimulating comixuind. This was shown subsequently

when NbCollum and Davis (1015. ?,) discovered that their lactos«> con-

l.,in.<l a].|.reciable ciuantilies of the water M.luble accessory. Osborne

and Meii.lel included in their dietaries a dried residue from milk (freed

from proteins! to the extent .,f 27';. This has .subs^'qufntly shown

eNivlKi.i urowth-inducin^ properties (K)!?. i)- •" l>"'h these casi-s the

result obt.Mned from the action of the butter fat was a summation of two

fact<.rs, one present in the basal diet, and another supplied by the

butter f.it.
. . .

To ,i>cert..in the vali.litv of this hypothesis the prelimmary series ot

experiments wa^ re|)eate.l on a number of selected rats. Yeast vitamine

was supplied to a number of controls by adding 2-6':; of dried brewers

yeast to the diet>. \ series was run, using as the fat fra( lion ot the diets,

inilter fat, re.titied hr>t by the centrifugation method of Osborne and

Meii.lel .ind ttun bv the double extraction process pn \iously descr.l)ed.

A second series w.is started in which ordinary butter was us<-d in place

of the rectified butter fat. while a third series was carried out, UMiig

butter, with the addition of the dried yca-t.

The diets had the following composition:

Dill!.
No 1

Casein

Sugar

Stan h

MiilUT

Hlitler tat (piirilied)

Ag.n-

.S.ili Mixture

Vf,,.-i (dry)

22',,,

33''c

.1 . 1)

22'';

u.';

2'/,

-('
.>

. c

N,}. ,? No. 4

22'
,

lo':'

.^1';;

22 ,0

2/ /,)
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The (.ilnrific v.iluf of tin- diitarv iiil iki- .iml tin- lih I \aliii' i>t tlir

f.it'{«s wa> ascirtaiiH'd l>y ininhii.-iiuii (Ictcrmiiiations in an adiahatk

{aloriniettr. The i.ilorifu- \alin' ol llir fixHl inilitattil in tlif lahlts i^

th«- qiiantit\ actually consunitd hy two animaU lor tlu' corn-siHitiilinn

[Hri(Hl.

Ixi'i.RlMiNT i.— Fi^. 4, Tal)U' I. 'I'lu- ctirvo ri|)ri'sciil the avirasc

Wfi^jlit ol two rat!- racli ot whitli wa> led on l)ic! 1 itnittii 1. .\> repre-

si-nlfd l)y till' upjKT ( iir\f, tin- rat> >liiiWfd a >liv;lit initial i;ain in wcitiht

and maintaitu-ti for atxiut 2()<la\>; tlu'ii a rapid dtcliiu- M't in witli fatal

tfrniination at tin- 36th day. TIil' Iowit curvf n-pri'Mni- thr astraije

N.-. 4 I

22^;,

10';;,

-3

1

27"/,,

:.o%

2'';,

?,7„

t^":>

vvti^lit 111 two rat> wliiili were t liani^t. iin Diet 1 Ii 1 'ut 2 on tlic

201I1 day. I'Ih- cffri t of tin- .iddition of llic dr\ iin wi r'- \.M,t w.is

>liikini;. I'tif rats Middfnl\ n(o\tn(l .t:\i\ ;^ii\v noini.ilK up In \\\r end
ol tlu- i\p<Tiniint. Tlu' lood iiit.ila- ami inli>tni,il il>--<T|)lion .in-

n-r;.rd.-d in T.ihU- !
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TABLE I.

See G rowth Ci'RVES, Fig. 4.

rpltr Curve, Rat> JS and it. lower C irvr, Kats 27 ami 28.

Dav. Wtight. KotHl.* Faeccf. W.inhl. KckkI.* Faeces.

(Aver.) (lals) (Cals.) (Av.r.) iCaU) (Cals.)

O 2(1 5 firm. 21 grm.

4 32.2 1 20 5 3 67 27 5 89 2 3 09

H 36.5 05 4 26.5 74 7

12 37 S H)3 7 3 37 27 5 01 7 2 26

I6 37 io,v6 26 5 «5 5

20 33 125 I 2 66 27 •34 2 5 42

24 30 5 1112 38 229.5

28 2S S 74 5 4 36 49 5 223 4 9 75

32 26 5 53 2 62 5 285,8

36 23 5 52 2 2 23 73 5 308 .

8

16.69

40 Died 81 5 286.5

44 85.0 288.5

48 Q2.0 3tx) 5

•The ivof\ inlaUe i> ihi .iinount ronsumed by the two animaU.

Experiment II.— TiiMi' 2, Fig. 5. In this experiment, purified butter

fat has Imn used. Eaeh curve representF the average weight of two

male rats. The results arc similar to those of the first experiment, only

TABLE 2.

See Growth Cirves, Fk;. 5.

I IiK r Ciirvi Kats V mil 32. Lower Curve, Rats 29 and 30.

p.l\ Weight. Foci,* I"aitt-«. Weight. F<.<Mi.' y aeces.

(Av.r ) (Cals.) (Cals.) (Aver.)

29 5 arm.

(Cals.) (Cals.)

43 5 Ri-m.

4 4') 1 76 . 8 «-34 .36.5 141 2 4 25

8 52 143 9 39 5 99 9

12 48 5 127.8 7 35 42 97 2 358

16 46.0 129 8 .^90 loi 8

20 44 5 129 6 8 09 .36 c>6.9 3-43

24 42 131 5 31 5 96 6

28 42 5 109 3 95 48 229 5 8 04

32 39 5 77 2 58 5 290 2

.i'> 36 5 08 2 74 5 324 3

40 32 5 36.7 86 285

44 l>ie(l 94-5 304 2

48 103.0 328.8

•The fiKuret. indirate the amount i< nsunied by the two animals.

WWW^W
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3 09

2 26

5 42

9 75

16.69

4 25

3.58

3 43

8.04

the maintenance period wa^ slightly -hortfrn-d. Tlu- >.imc niirked

recovery was observed when the animals were rhan^ed Inmi Diet 2 lo

Diet 4.

URYS
Flc. ,'.. r;i;,.T Curve R..l-> :;l ir-,1 :i.>. l.i.n.-r ( i:r\.- U.iU -'• li. I !!.

Al t!i.' ]>iint • on til- I >«iT curve. Dift II w.i. Imp;.;.- I l l);.-t U . Ki', '.1 .ml 1.' ,i -.1

jtl.T t'l .In- J-A Di.-. II

K.XIM KIMF.NT III.—Talde T,, I'in. (}. In ihi- exiKriment the iip|MT

curve represents the weii;lit of two male t.ith, .md the Inwer curve that

of two female rat.-. Tiie first 2o day- I )ii t ;, w.is ii-td, hein llun re-

[)laced l)\- Diet 4. Thir. was continued in one set to the end of the exjH-ri-

ment (lower curve). In the other exiu riinent Dii t 4 w.i- ripiaifd |)\

Diet 2 (without yeast) after ;,.; d.iy-; tin- i,'n- t!i cea-ed ahruptlv ,111.!

thi' animals heijaii to ili'cline. No marktd ditlen inc wa> notiecd ht twii n

diets coniainiiiu 2 and (> per cent, of \ca-t.

It i- ohxioiis, from ,1 c.m.-ide'alinn nt ttu- i ur\r> .md t.diii -. th.it tl;

purihed butter fat .ind even the butter it-elf li.id ii<> inlliiciH f on the

growth of the animals. While the ordin.iry butter -how<d .1 >liuhl

MilMTiorit\- o\er tiie puriiied butter f.it, in tii.it it en.ibie i ttu inim.iU

.*»' i*-- .t^t«,:c
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TABI.K 3.—Skk C.rowth ( i rvi-s, Fk; 6.

. k.iis.v^ ami 34. 1 c.Hir ( iir\ , K.its ,^,sll (KT I iir\( ami .V>.

\\l\. \V..v:ht. F(K«I.* Kairts. W.iKlH. 1(hm1.* l-.nns.

1 A\rr 1 (C.iK 1 (C.iN )
I^MT.) i( .iN.l (lals.)

20 grni. 185 j;rm

4 29 IS I 2 5 :ii 27 5 I.V' 2 ,V4l

8 .VS 117 ^ 32 97 <>

12 M 1,^2 4 7 :io :i7 I .^7 1 4 .V)

If. 4" 5 1.7 2 .V) 5 148 I

21) 4.1 5 i(.i 5 f' 45 42 5 178 7 7 44

24 47 2175 4<) S 2;,() 8

2S 5') 2,vV5 8.(X, 58 2,V» «) 11 13

.\2 (iij.t' 2<>2 5 <") .S 25<) 5

;^'' 7-^ 5 225 S 5,^ 80 . ?,2.\ 5 i,V<38

40 74 5 '•^7 7
'^-5 .V>2 . 2

44 71 It") () 90 276.5

48 („S 5 180 1) <t4 ,^i<' 4

• rin- tn iir. - 'ni'iratr t h.' ,, I. .,..,::' * n--ii!!ir(l lt\- thf 1 Wli .in'Mi;)!-.

•t !

GMS

BRfS
Flc. t. i;pi»T lurvr. K.ilf .f:t and :I4. I.nwit I'urvf. Rat? X") and :tt>.

Tc thi Itft I'l the dcltfd hnr Din 111; ic ih.- richt. lint IV .At ihp pcint • Rat« 33 and 34
»*!< . htiij^ed iron} Un t ]\' to Dtft 11,

..,_3^. ^apwfmrv^.'n^s.'
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3 41

4 V)

7 44

1

1

1,^

13 08

t.. ni..ii)taiii ihf initial j^ain in \viii;lii Inr .1 ^lil;lll!\ l<inj;« r pi rii«l, mi idc

(Ic.itii lit thr .mimal> « iisuctl .it pr.ii tit all\ llic --.luu- tinif in ImiiIi iaM>.
I

1 riM(niintly. l>iitt(T fat .inil Imtlt r il-tll cannot ((intain an ai < (^-nry

t.'. tiT \vlii( li, l.\ itsiM. (an cnalilt- ttu animal in attain it- imrinal k"'\m1i.

On iht otiur hand, tlu' .inini,il> nacttd ni(i>t ri.idily i.' tin .uliliti.n 01

t( in"\.i! (if the vt,i-t fr(jm the fodd niixtnri-. Simc \(,i-t i- .in «m 1 iU nt

.mtiiK iiritic, it m.iy !>< |H,v^i|,lc tli.,i tlic .mtiiKiKiu iirilic \iianiini- i-

r( -pdii-ililc for thoc n in.irk.iMc (ftidv on tin growth ciirM-.. I hi-

.i-Miniptioii h,i< -nli-( (jiK iiily li((n contirnicd l.y McCoIlnin, SMimiond-
and I'it/ (191S, .).m<l Uriinmiond iKji;. 0-

IIII. RI.IATIVi; VAIJK 01 lAKI) AM) HITTKR I AP IN

rnK M TF<iTi()\ 01 (;r(»\vi\<; animals.

Tn(r( was .1 ))o>>iliilit\ th.it in tlu pnitdin^ ( \|h riiiicnts n^i.irdinj;

ttif ^rowth-proniotins; |iow( r of lnilt(r f.it, ttit dnr.ition of llic ( xpcri-

mrnt (4s days) nii^ht not In- of siittiiitnt Idij^tli to p( rniit the -p,,i,d

(ratlins .itlril.iif(d to the piirifud l)iitt( r fat to ( \t rt ,in\ in.irkid dilli r-

cncf. .-Xccordinj^ly .1 sirics of txp(rinHtit> was iniii.ittd in uliiili (li( ts,

-iniilar to tliosc' in the pu.-tdinn Mt, W(rf iis4<l with tlu (A((pti(.n tliat

ihf fat w-.is supplied in thf form rif pnrt- lard. This li.id htdi ,uito-

ilavtd at \2(f (". for thrtr hours in order to eliniin.it( the .Ktivitv of

the vitamines that nii^ht [xissiMy lie p.rest nt in l.ird. Dried ye.ist was
supplied to furnish its (juota of the ^.-rowth acicssories, whose pres( ikc
h.id Utn demonstrated in this compound by the previous exjM rinK nts.

These animals >;rew r.ipidiy for aliout 48 to 52 days, but then (c.is^d

to make any further gain in weight. Th« y were able to mainf.iin this

g.iin for a period of two to three weeks, tht n dedined, .md uitim.itely

died. Increasing the initial .imount of ytast in the di( t did not en.ihle

the rats to resume their growth. Xerophth.ilmi.i m.ide its .ip(H'ar;incf

coincident with the cessation of growth. Treatment with /in( sulphate
solutions held this eye condition in alH'yance for .i time, ^ut this ulti-

inately hrcnight alxiut the fatal ti rmination of all the .inmi.ds in this

experiment.

The food intake maintained a fair average .ind, (ontr.iry to the (.ise

of rats didining as a result of a deficient diet, did not ininiedi.itelv show
any diminution in food consumption sutiicicnt to a(«()iint for 'he < (ssa-

tion of growth ,111(1 ultim.ite death of th<> anim.ils. M.irked diiiiinution

in the fixKl int.ike occurred shortly liefore the (ie.ith ot the anim.ils.

Kxpi:rimi:nt IV.— T.il.le 4. Kight male rats were used, .ill in the
mighhourhood of 20 grms. in w Ight. Rats 42 .md 4K died in the (.irly

^t.1g^^ of the e.x|>eriment as a n^ult of asjihyxi.ition hy food p.iriules.



2..f, TRANSAC riONS OF THi: ROVAI. C-ANAIMAN ISSTITlTi:.

Rats 4. grew from ^o to 8., prms. in f,4 .lavs an.l .li.d on tlu- 70th day^

after a slight cU-dim. in weij^h.. Rats 43 '"-1 44 Kr.w rap.i y t.,r 4H

davs thn, .iclim-d slowly f..r 2(, days and .ii..l l..'twefn th. 64th an.l

68ih <lav. R.its 45 and 4(' r-i" approximately the same course. Rat 47

was the hanliest specimen in the lot. since he ^rew for fn, day^s. atta.n.ns

a weight of 1 10 grms. This animal was put on Dut 2 on the K.lh day

TABLl-'. 4-

.

No. 1. Ni>. i

Dirt. — 22% 22/0
C asi'i n

1,
30%
10%
30%)

3%
2%
.3%

27 .'()

10%
.Su^a

Lard
^ .1

1

30%'

^%

A^;ar

Vea>

2%

(dried)..
(>%

All male rat s. Rats 41-46 and 4^. Diet No. throu ^hout. Rat No.

47." -7i)th day, Diet No. i: 80-1 12th day. Diet No. 2.

Day. \\\m.;1 .^vt-rino Daily*

I'Oixl Intake

VVi- .;lit. Avcram- Daily*

l-\)ci(i Intake.

4" X; ({",il.)rii>s.) ^^ H (C lionet )

20 i> ^rm . 20.ogrm. 22 grm. 23 grm.

41 8
4 27 .S

26 . 3') 3 28.0 27 5

8 33 5 30 5
3H 5 31 t> ,VV5 36 8

12 3f> 5 31 5 34 5 35 >• 37 •> 40 4

16 37 .S
Dead 22 40 37 » 39-3

20 41 5
24.

B

45 i> 43 44 I

24
7H

47

47

27

220
47 "

52

48

51

44 5

4^' 3

32 Sf) u ^52 58 do 52 4

h2 2<) 3 ()4 62 50.2

v>

44

48
c;2

72 28 I 70 70 52 I

7() 26.8 74 75 49 7

7.,

7.)

2() 2

28.3

78

75 (>

78

7(> I)

51 7

46.8

Sf> Ss 31 f- 77 i> 78 39 2

60 88,0 28 3 7C1
.

70 3«-9

64 8i).o 22.5 ()7 65 15 -5

84.-. 24 8 Dead Dead

jJt.i'i 1 (illl 1 hi\

tk7 ti^iiros iii.iu.ra I In- niiouii iimsuiiu'tl 1 y iln' two amiiuls

:Ba-**~i^
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I>.1>. W. '^llt. Avcr.it;! l).,i s w.,. 1" Av.-, U' l>.il\

h. >.xl llll.lki l.- 1 hil ,^.

4^ 4 , ( .ll.. ;7 1 ( till! ti» t

() JO o .;rni. l.S "K rill. JH i^iin. J > v;rm

t 2(> 5 25 ;,H 5 V> 2'> ',(> I)

s 31 o 27 54 I 4- JS 45 5

I

J

o4 <> y-, 57 f. 54 ^1 45 -'

l«> ;s o ,V' 5-^ 4 57 l>. ,i<l 5<» 4
JO 4<) o 57 45 1 i\\ isth 2-f 'i

-M 4'' 5 45 41 iS '>s I). V 25 '1

2S 50 4H 4^ /
7."^ 5" 1

,-,-' 5' '> 52 45 5 7^ 2S (>

.•^'> 55 <» ss 45 4 ^i 40 ll

^o 60 fif. 45 ,> (»<) 52 7

44 (>i '5 4^ 4 '•5 51 5

4'^ 5<> t> 6<» 40 () MJ 54 I

5 J ()4 72 4" 5 10} 55 7

5'' 65 70 5') ^< h)(. 55 ^

6(> f)5 . 75 5f> () 1 in 54 '>

f>4 640 70 4'»
/

I 10 5 2 5

6S 1 )iail Dead 1 10 57 '•

— •>
<)<)lli n.iy I'V 57 7

7(> 105

Ho "'5

«4 lOI

m 102

')2 11)5

•K' KM)

IIX> <)o

U)4 So

i()8 Ho

112 _"^ 1)

ill till' hope of >tinuil.iliiii; fiirllirr i^rowlli, "inn- his (hit loiit.iiiud doiiblo

I hi' original (|uaiitit\' ot (!ri( d \t ,1-1 . I lii^ i nnu rriil ni > luiu tit ~iiii i- ihr

animal t;ra(lii.ill\- (it-iliiuii in \vi ii^hl until ilu 1 utli il,i\ whm iIk-

(.AlRTinunt \\a> stopind. In all iaM> dralh \\a- linniuht aliii;:t 1>\ mi

i\tiii>i\c purulinl p,iiu)phiitalmiii> ami inuiouhtiilK the l.ii.il iitiniiia-

tion ua^ a n-ull ol thr toxafiui.i coiiMiiiitiit Irnm tin (\r ti'iuMi .

It \va> f\ idfut that in the cast' ol I hoc anintaU. liu it \\.i> a drlii a-m y
in ^oim- jailor ol liic dii-t iiiixluH-> wiiu ii u!ii;iH .n c .mr.l ii'i liu- iin-

luwaid ii^iilt-..
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mmii

It i~ I)()^-i^k' th.it

:

.....
,,, n,.. vcMM. Nvh..M. .,K«' i~ ...... rt,,in, nuv not ly Mittf-ottt m

r,..,H.t tn i.^ ,uv,> .,ry .nntrnt t.. Mippcrt thr ,.nim..l< l.cy,.n.l th."

initial iiiintv <l.iy> of tluir life.

,,) Tlu'.,u..n.itx of >alts may nm U- M.tti.un. to i.toM-lf lor tht

,;,) .S,,„u' -iMTi.il f..itun of thr Imttir fat ml^;!.! !..• nLri>>ary to

ni tifv a (l(li( itiit V in thf lanl.
, . , ,

V.on'inulv. ,x|Hri.mnts w.rr initiat.-.l, in ^^\mh tlu-r factors wm>

^ari..i an.l tin ir HI.-, t on tlu- growth . urvv .lotc.l. .\f..r a ^hort luno.l

,1„. .alt ront.n. ol the ,li.t %vas .ioul-Ud without anv .„rr.spo.i<lMiR

,,,„H,t rh. .vc ^vmp.om> apiuar. .1 in thv animals of this s^tks aftrr

.ixtv .lav- an.l woul.l have un<loul.t.<lly r.M.lt.-.l in thf <Uath of the

.nimals
'

.\t this point fnsh, moist l.nwcr's yeast was snl-stitutcl for

',.H- .Irie.l article. This imme.iiately eliminate.! the eye symptoms ami

,nal.le.i the animals t.. ^r.-w ..t a normal rate f..r the balance of the

,MK-riment. In one set p.irilu.l butter fai ...s u,sc><l in place of lard, but

th.sc animal- also nciuired the fresh y.ast preparation to keep them ni

a normal condition. Thev were som< what less susceptible to attacks of

the eye troubl.' an.l were in a -liRhtly better co.ulition than the animals

whose diet contained lard.

Ihe moist veast was prepared by taking the brewer s yeast tresh

from the vats and centrifuginK off as much as possible ..f th.' fluid portu.n.

The vea-t <ake was then pressed to a t^rm cake in a screw press. 1
he

Totalnitrogeii of the pressed cake was determine.l and an amount added

to the diet mixtures eciuivalent to the cpiantity ..f <lru(l yea-t previously

(i>e.l based on its total nitrogen content.

KxiMKiMi NT V. -Tables 5 and 6. Fig. 7- Kats 4.)-54 were placed on

the .liets whos<' .omp..sition is given at the head of the appended tables.

Rats 40 an.l 50 (Table 5) were placed on diets containing 6<
;
of dried

vea-t for the lir-t f.S davs. At this point the eye symptoms made their

ippe irince TheN' w<re then placed on a .liet containing moist brewer's

veasi in am.>unts'e<iual <o l',' of the dried article as dttermined by the

nitr<.uen contint. The rats at ..nee reacte.l to the change in diet and

m.nntaine,l their usual raf of growth. About the .)8th day the gn.wth

,„rve b.gan to flatt.Mi and the veast ..mlent of the diet was increased

tn the e.iuivalent ..f ;,' , of <lry v.ast. This <lid not in. rease the rate ot

growth, since the animals showed no marked additional gain. At the

t\xih day th. salt coi-.t.nt was increased from ,-, to (>•; I'ut no extra

.idvantage was ohtained.
, • f i

• 1

Rats 51 and 52 (T.d)le 5) were put .in a diet containing y ,
ot dried

M ast for the first 6S days. They grew at the same rate as 4.) and 50
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and thi' lyv >ym\)U>m> ,i|i|Kaml ,it ,il...iit tin -anu linn in l.cili ci-t-.

On thf ()<>lh il.iy, the frt -li yt.i^t w,i> iii(lii(i((l m tin .li.ts witli \,r%
Miiit>>ful riMilt,-, the .inimal?- riinnitij; ilic -.inn rcuiM' .«- 411 i(. 50.

ln(Tr.i>in>; the (nianlity of ni(.i>t vi.i-i cm tlic i)<)ih ,l.iv did not inntt r

any additional Ixnttit. a> >iiown li\ the (iir\i-. On i)n 5',rd dav tin-

--all niixtun- in thi- diti> wa> raiscij lo (,'
, , Imi m, -pci ial itT. i 1 .mild Iw

m tfd .IS a ((mM'tiui-nif.

K.itr. .S,^ and 54 iTalilr 6). In ttu- .a^- ..I iIum .miinal- llu ili( i-

(I'nt.iimd inirifud hiitttr tat iO>liornf and Mend. I). I In tir-i •;.> days
llu' (lift itiixtnns cont.iinrd i,' ', of dried y.a-t. from tin- 5;id to llif <.Mth

day the yiast forirn-d (
, of ilu- total iniakf. At thi- point tin r. wa- a

slight tendtney for thf animals to follow thr >anu' roiir-t- and display
thf s.imc syn)ptoin> ohstTvcd in thi- four prnvdin^ animal-. l-n>m the
<)()tli day to tin- lootli day tht- ditis containrd nioi-t Lrtwir- v.ast,

(iiual to 1'; of till' driftl artiilf. At the loist t\.\\ tin- tu sh \ 1 (.>n-

tiiit was raised to the equivalent of ,V , dry y.a-l and this .lut wa<
(ontinued to the end of the experinunt. Aftt r the (xjth i].i\ the -alt

ration w.is raised from ,; to (>' ; of the total food intaki'.

In all cases the us<' of dried yeast iiroukjhi the aniinals t.. the p.iint

where further administration would h.ive hron^dil aliout a fatal termitia-

tion. The use of the moist brewer's yeast, in place of the dried artirle,

immediately relieved the eye trouMes and enabled the animal- to pro-
(eed at a normal rate for the duration of the experiment. Increasing the
.imount of moist yeast for the tin.d 50 days did not conf. r any additional
benefit as far as could Ik' .seen in the a[)[)earan(c or ^;rowth of the.inimals.
The increase of the s<ilt content prob.ibly did not have anv etTect in

increasinj^ the >.;rowth rate, since in th.- later iHtiod;- of this re-earch
Krown animals were able to maintain ihem-ilvjs on dit t- whi. h lon-
tained 3'

i of the salt mixture.

In the case of the two anim.ils whose diet contained butt, r fat there
was a slight improvement in the .ip|Har.ince and iKh.uiour of the
animals in their capacity to resist the eye infection. Sli).ht .ittaiks of
;he latter trouble made their appearance but were e.isily controllt.l by
the appli.ation of dilute zinc suli)h.ite -ilutions. The-e animal-, being
females, naturally did not grow at the s,ime r.ite or attain the s.ime si/e

.1- the other animals of its siri.s. In any .asc no marked .idvantage
conferreil by the action of the butter fat was nolic<-able from a ..im-
p.iri-on of the growth curvis during the experiment,d [XTiod of i.s.^d.iys.

The most important feature of this series is the marked im|)rove-
ment re-.-hins from the ,,,.• :..f rrsni-f >< a^t. It ir apparent lli.ti the [)rimc
factor, responsible for the failure of the animals in exjieriment IV. was
the dried yeast. The drying process has evidently resulted in a parti.d
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(',i>« in

Sii>;.ii

Si, in li . .

S..I1 .

^(•,l-l iiiix 1

^l,l-l ' iii<)i>I I i(|ni\ .1

l<,it:-4i)niil 511, 111,

(»i)-l5iitli (l,i\ . I )iil Ni

r\iM.i. .S-

No. 1 N». 2 No. .» No. 4 No s

--'
(

ij' 22'; 22':; 22',';

i«>''; !<:', ...', I')''; K.-;;

M>'

,

-'<»'

,

27";

.V)'; ,v.'
.'"' ,v)'; .v''i

.V

,

,/
.>

<)', <>'

,

f,'-;

2'

'

2' 2'
;

2--; — f

(Ill Ii> I
, ),(

_ of I >ry Yeast

il, -.I) (.m1i.1.i\ . Dill No. ^:(><)-<)Hth(l,iv, l>'Vt No. 4

i. 5. k.ii- 51 .111(1 52. III. ili>, 0-5211(1 (l.iy, Dill No. I

^;()()-(|.sii, .i.iy, Diet N(i.4;<)(|-i,S«)tlul.iy. Hifl No. 5.

I)..N. \\( h^hl.

1 mill illl.lkl.

U i-iijlu. Amt.ikc D.iiU

l(jo(l Intake.

4>»

44 li nil.

5" (C.iliirio.i ,SI

41 mm 4''Urm.

(C'.ilirii-.-^.)

4'> .;'iii.

4 ,^.T .=;^ 77 4 (>2 5.T 7,S,2

,s .M •^5 '12. 4
— » *>S ^l-.'^

12 ()() II M> l(.,V2 <)1 hJ 67 2

i(> 104 1 10 "\S 7 102 1)1 1)7.1

J1.1 I i'» 124 no 3 1 10 100 102.2

24 '.>2 1.^7 1 10 5 l!i> I lo 106 ,s

2S I4(. I.So 1 10.0 132 120 100 3

,>2 I y > l.S'* 1 loo «:v^ I2S UM >^

.^'> KiJ 1<>.^ iu() 3 14H l.V^ 1 12.2

4" 170 174 114 () !.=;'> 147 llh 2

44 17,^ 170 114 ,^ 1()0 ',5'> 1152

4'^ 177 iSo 1111 >'.'< I5(» 117 5

17S I.S4 M.S. 4 17 • '5'' 108. ()

.=i<> i,^j I.SS I lo.S 170 i(>i 120 ;,

do 1-^5 1<)I 10;, ,s 17^ i'>.i 106. ()

<'4 I.M. 17'. 7-^ 7 17.S 104 96 <)

(iS I.S4 !'>.> i|0 1<>2 I "7 120.7

T'-" I'l'l JiM) 1
1 5 ' t

1 1<) .i

f^4 Jl)l JOI M^ .S JO() I'»o tos 5

[00 J07 205 ,S5,() JOl) l'»2 ()i

ii-.> J:i:: -
' '.T

"-• 7 J ! •.

)

I 'SO 10 -. 7

140 i'K\ JDl 7" ,> 2I() i.s;> ^.S.4

l.S" J<)J_ 2».> 75.''< 221 I')0 <'7 4

•llu Imirc.-, iiiilicatc till- ,niK>mu ('()Il^ ii;;(<l l'\ llu- \w> .iiiirLils.

jfSz^-^^-^j^^r' :^.. J ^j^mygffffgi^^ieBg
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r\m I (.

Din.

(*,i:-»in

Sii>:ar

St.inli

1 ,inl

MiitiiT l".u tO-lioriu .tiid Min(lil)

Salt

Agar

Yfa-i ulry)

Yiast inioi-t) cfiiiivaUiit »<> . . . .

No. I

1,.',

IS';

22'

I..'

I^'

!(>

2<l'

IJ'

K.';

IS'

1',

of l>rv N"(a~l

"
Rats 53 ami 54, IrmaU-s o-.sin.l da>. 1 )i.t N". i; 5,V''S>li 'I'v, Pi. t

No. 2; 6q-icMith <lav. F^i. t No. ?,: K.i-i.V'ili 'l-'v. l>iit N... 4

WhkIh.

D.iv.

,«i,^
^4

4.^ S"-"'- 41 v.Tm

4 .S4 •S,';

8 <'4 6.-i

12 78 75

16 80 80

20 «5 »7

24 90 92

28 06 95

32 u» 101

36 106 106

40 112 112

48 112 112

56 no 116

64 12,^ 126

84 • ,^« 1.^5

I(K) 144 146

120 140 147

15" 47 £.S.^

IKI i'.ill\ 1 .H>.|'

Iniakc.

tl .(Kirit -

74 \

W) 2

7-2

i i

1\ ,s

7<' H

81 1

7'> 2

88

K7 ?,

^7 2

H.-^ 7

«>,S 2

7') 8

7ft 5

7') 2

02 8

'The finurts indkatr th.> .immhiiii i-.mMiMu>l l>y tli<' iwo an-m.il-

(lotcrioration of its gn>\vth-pmm..tinK proiH-rtits, so that it ..innot

support the growing animals for <i lon^;tr jx-ri(Ki th.m 5<>-<>" 'l-'y^- '^

was noted that in all ra.,es where in..iM yea^l vva. i iiij-lnyeii llutr was

after a time a diminution in the focnl intake and a eorrres|H)n<lm(i >laeken-

mni^vH^m m/^^^mmsf^&m
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.1

^v^

iiiK in tin- y;rii\Mli t.iliv Win ii ,i lri>li diet w.i- m.ul. up Iroiii .1 In-lily-

prtpanil \c,i»i prtp.ir.ttiiMi ilu' <'()i)-<iiinptii>ii il mui' iniri.-.iMil, lolluwcil

l>\ ,1 >li^;ht iiu ifiiuiil in ilii- r.ilf ut vjroulh

K.il.-. t

K..t- :..

;i<. I)i>-! mixtiMi-sront.iin larj. Caar.n Im, li.'i-.! piir;ft.'.l h> M,< Mum', nii-thnii.

SK PARATION 01 TIIK i.Fil »\V ril-l'R( )M' )TI\T; la.KMKNT
I KoM tiif: VKAsr.

Tlu' (loM- n-latinnship lu'twit-n .i\ian polyiu-iiritis and ihf phcnonu-na
of Kinwih in .idoltxi-nt animal> is indicatod hy thf results ohtainid by
tin- ruraliw action of yoast in ( as»> of l.t-ri-lxri, in thf first place, and
thv action of this artiilc in stiniiilatinK the growth of vouhk animals as
instanced hy the riMilts .,f the forei<oiii.i; ixperiments. This sui,'gests
the posM|,ility ,,| separatinji out the tirowth-proniotiiiK element from
the yeast hy methods which have heen successful in the prepar.ition (>f

the antineuritii vit.miine.

PhosphotuuKstic add was used as the precipitating medium for the
first attempt to isolate the .iccessory growth factors. This com|K>und
or group of c(mipouiids was carried down with the diamino acid fraction
which w.is precipitated hy the use of this reagent. The liltrate after
removal of the excess phosphotungstic acid gave evidence of posse.s.^ing
intinitisim.il traces of the growth element, since the animal.s maintain^
the initial g.iin in growth which results from the reserve of the accssories
stored in the tissues prior to the experiim-nt.

Attempts t,, subdivide the residue precipitated hv the phospho-
tungstic acid by means of silver nitrate and baryta solutions did not
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J

ni\f MHn-- liil rcMill- Tin- III alnuiil witli |.|i(>-iili.itiin.;-l" .n mI .iikI

tlu' m.iiiipill.itinii- iiuiiliiit.ii tu llu uiii.>\,il i.l thi- (••.im lit ami -i liition

of llu' rt'^iiliu- li.id iMirttil .1 p.Hli.il ili-lillilM I
the .i. lu 'I ili>'

urowtJi fliiiunl. 'I'hi^ p.irtiil In-- wa- kihIim.I aliiu-i ...ini.l.li I'V

lurlluT triMinunt wiili ilic >il\ir >ali-

Thi- viM-t wa- pnpan.j Ia liydii.U -ii'i, iii..i-i l.tiw.i- s> i-t wiili

lo'",' sulpluirii aiul Icr " Iwnit- at i)i> ')5 * I'" iiiMi"" "i' till- u.

I

ami .111 t<|iial \oliinu m| waiir ail.lnl in tin- liln .i. A - ttiiiat..l -•In

I'u •} (il |)hi»plliitiiiii^^tii a( id VI- addrd u'ltil t\" Imtlui piKipilal'

rt--illtvd. Afti r -M li'Uir-, llu- pricipila'r wa- lill( ud .' \h< pimip atid

wtll \va-lu(l \sitlt 5'
, -ulpliurir arid

The priTi[)ilalf wa- --n-pfndiMl in \\,il< r aii.l di > Mup<-. d in tin- i ndi

narv way wilh liarvta .ii>d the I'ariiim plm-pliuuiiu-lali till<i>d :t

TIlc -ilnli.in, after rrliKival nf the -lietit cm > - ..I l>ir\( a Willi .liliit

Mllpliurii a(i<l. wa- iuilliali/«cl vvitli a ddiil.- -nliili'ii "I -odiimi birar

JKiiiali-. it w,i> tluii 1 umciurali d l)\ \,ii luiiii di-' ilalioii and a -In k\

liy^msiopii- ina?-> \\.i> nlitaincd. Tlii- wi- -tan<laidl/« d l>\ >li i' inimm^

ihr total nitmm'ii .ml addinu -H' li i|r.anldi(-. t.. llu ilu I misturc- a-

VMiT t(iiliv.ili'nt lo till' >latfd <|iiaiiliti< > ol diiol \ta-t wlinh vsa- .il-o

>.taiid.irdi/iii I'v tlii- nittluMl.

'I'lu- filtrate Irom llle pho-ptioliinu>tie prei ipilate wa- fried troni

tiu' pho.spliutunjj^tii- add by preeipitatin^ a- the ha; miii -alt. ami iti'-

slisiit I'xcess of tiu' latter eliminated with dihile >iilpluiri. atid and the

xdution likewise neiitrali/ed wilh liiearlhiiate >oliition 1 h< ti" it

-oliltion w.is conrentrated by \ariiiiiii di-tiliatioii and -' md irdi/ed in

the >anie tnaiiiur as tlie dianiino ai id ftai lion Ihi- i. -i.lm iioin tli-

filtrali' was hrowii and hyi;ro>eopic m\.\ wa- adiUd I.. t!i< l>i-al diel

inixtiirts to tist it^ pln>ioloiiii.tl .iiti\it\.

|-'.Xl'I.RIMi:\T I
- Tal)le 7. l''i« «. Kal- So to S ;, were plared on diet-

containing the residue preeipitated l>y |)ho-phoHini;>ti> aeiil The-e

animals i;rew slowly and doubled their oriv;inal weiv;ht in Vi d i\-. The

method Used in the pre[)aration of thi- re-idue h.i- e.iur-ed a lo>- of

approximately one-tllird of the a(ti\it\ of the v;r"«'l> sub-tame- as

compared with those nf the r)riv;iiial yea-t. It ha- been tht writer'-

cxperienc that rats ol thi- a.i;e doiibU^ their wei-^hi in twent\-oiie to

twenty-six days whm fed on diet^ eontainiiii; fr. Ii yeast prep.iration-.

R.its .S3 ami .H4 were r,u|)plied with diet- miitiniinu tht residue from

the phosphotungsti( .icid filtr.ite. They made a sliyhl miti.il '^ain o!

aliout 40'; of their ori>;inal wii^ht in twi nly-eii;ht days and .it tln-

;«.int were placed on a dii I coiitainint: the pri < liiit.ited re- le. aid a

-.trilcinK iiiere.i^e in growth re^ulted. In the i .dowiii;; 1 lays ' 'U-\

attained .111 iiurenieiit jll-t double their original weight
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This, srrits <h()ws thai the f)h(isph(minRsti( acid pn'cipitatrs the

major jjortion nf th<- urowth-promotiii}; <!( merits alon^ with the diamino

.icid'i. The filtrate still cont.iins a siititieieiit amount of the aeeessory

factors to (liable the r.it to maintain its initial j;ain in weight. The treat-

ment ineidintal to the isolation of this eienunt lowers its activity by

alioiit a thin!.

The a()jHarance of the animals was even more striking than the

difference exhibited by the s;rowth ciirvi's. The animals which were

led on the diets containing the residue from the phosphotungstic jjrecipi-

late were sleek. Ii\ely and in every way like healthy individuals. On
the contrary, those on the diit containing the filtrate residue had all

ihe apjMiiraiices of animals suffering from a diet'ary deficiency. Their

liir was coarst' and maltid and the animals took little interest in their

surroundings, '{"he ihange frf)m the deficient to the ade()uate dit't was
m.irked !>y the disappearance of these features and the rats eventually

assum»'(l a normal app<\'irance.

In the same issue of the journal in which thesi" results were published,

Kddy (i<)'f>) communicated a paper which contains an account of his

attimpts to isolate the growth-promoting factor from the alcohol soluble

residue of the p.increas. He finds that it is thrown down by phospho-

tungstic acid and similarly that further subdivision of the precipitated

residue resulis in the loss of the physiological activity of the accessory

growth factors.

Owing to the difficulty of obtaining a concentrated form of the

growth factor by the use of reagents and met.il .^alts by which the

natural organic bases are usually prepared, an alternative method was
utilized. Seidell (1916, H)I7) has utilized the adsorptive capacity of

silicatts towards the antineuritic vitamine as a mi'ans of s»'parating an
active fraction from aiitoU>ed yeast lituKirs. The silicate with the

adsorlH'd materi.il was fed to pigeons suffering fnMii e.xjieri mental beri-

Inri and was followed by prompt relief.

I'unk (l<)i<') also etTected a sep.iration of the growth-promoting
dement in autolysed yeast through adsorjition by means of IJoytl's

re.igent. Ihe rats fed on the diets containing the unadsorbed residue

were alili' to make slight g.iins and maiiiiain them for a considerable

jHriod. Me noted that the .ictivated silicate was not so efficient .is the

original ye.ist li(|uor.

I'ddy (,I<)I(>) used this method to obtain the growth factor from the

-ilioliol soluble nsidue of the pancre.is. lie used tin- method outlined

by Stidi'll for the preparation of the yeast \itamine. The addition or

rtmoval of the activated silicate from the pure basd diets of the ex-

[Hrinuiital .mimals w.is accompanied by corresjxinding increases or
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TAUIK

Oirt.
\o Nil. i

, 22'
(1

'22%
V iiSt'lIl

10' lo'i,

24' 24'«
r>i»ii (II

Kit (I irrH ,V''"«
rill \ i-tii VI f . .

Silt b'

2*

(1
6';,

.lit H

•\irir
2';>

Ri>i(liK- PhosphotunKstir Arid Prcctpilato i*(iuiv.i-
'.';.

1 * 4 it Dry V.a^t
lent to

RoidiK- rh( s|)h Dtiingstii- Aiiii l-'iltratf Lquivakni

t /-v
6', .if Drv V.a:~t

l(.> . ... ^J- '—_L' ^

—

.

Rats 8o. 81, H2, maUs. Rat S;^ ftmalf, ()-,^(> (1.

\Vii>.

l\s,

lit.

I)i •I N< 1. 1.

Day W cinh .Avir.i^;!- IKiil'
.• l),.ilv*

1"(K)<I Intakf 1 <kkI I..I.110 .

8<) Kl (Calorifs.) Ki ^3

20 ^;rm. .V> (.rm

( ,il< iriir. 1

o 24 grni. 25 j;rm.

4 V ,^,^ -"» ^ 2.V.S :>' 27 8

8 3b 40 .s v^ .s 28 4^ .i2 8

12 3^ 4.^ .VS 7 21) 45 ,V^ ?,

16 :,8 44 ,S 4«> .S 2<) 48 40 5

20 4<) 48 28 <) ,ii Si .^8 . ,^

24 42 4') ,V> ' .H 54 .iO-2

28 44.5 52 27 8 ,',8 57 .^5

.^2 46 54 28 7 40 5') 27 4

:.ft 40 ,S6 25 42 5 ''I

No . 2 ,
28-

2<».8

RaV84. fern iU\ Rat 8.S, malf, 0-28 (lays, l)i< 1 V) .lays,

Diit No. I

W.i Kl,..
.^\i r.iK'

.

Day.
D.iilv*

1 iIhI Il1t..k.l'.

^>4 f^S il '.i!or i.-., )

4.S 45

4
4H 4')

2K (>

s ,S.^ .S4 5 4'' .\

12 .s.s 55 42 <)

1ft .s.s 55 .VS <»

20 .S7 57 .so <»

24 5>^ 5« 4^ ()

28 .S<)
bl 47 <)

.^2 (,.) 68 54 5

Ih ^4 82 7<» ^

.V)

111., t

8<) • HI

lilt n>!i-iiiiii<l l>y ill*' \\\'

«)b

' .huiimU.

?,

*
luiirfs iniliiato tlu' anm

SB
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Vli.. >*. R.il!- Md-s.l.

Rat-sl.S.-..

Diot I o>nlainiMK ba-i*"s I'rom veaM itrpi-ipitattvi by ptiospholung^tu' acid.

Dirt n rdiUainiHK ba-ifs irom yeast not prt*iti)itat<*d by phosphotungstir acid.

loss's in weight. 'I'iif time tlurinp; wliiih tht'se additions or deficiencies

were supplied was short—a jHTiod of five to eight days^and the results

wliile indicating the fraction containing the accessory, were unsatisfac-

tory, since the (juantity of this j'li'nient adsorbed by the silicate might

not l)e sutticient to carry the animal througli a longer experimental

[wriod.

Brewer's ye.ist. fresh from the \at. was put in an incuh.itor at 37" ('.

for 48 hour . It was then filterid and the filtrate placed in cold storage.

10 j-.c. of this filtrate sufficed to enable young animals of about 20 grms.

in weight to double their origina' weight in three weeks, when added to

bas.d diet mixtures.

The autolysed yeast li(iuors was bhaken with I.lo\d's reagent for one

hour in a !)otlle agitated b\- mechanical means. The mixture was let

stand aTid the supernatent liquid siphoned off after the silicate had
.'settled. This w.ts taken up with N too hydrochloric acid which was
etjual in volume to that of the original >e.ist li(|uor. It was twice washed
b\' decanlation b\- these weak acid solutions. The residue was collected

on a bntlnur and w.islu'd three times with sinall portions of distilled

water and with two portions of 95',' alcohol. The residue was then

.lir (irit'd and finally dehydrated o\er sulphurii- acid in \acuo.

In all previous cimmumications, 50 grms. of the reagent were used

to Mparale out the accessories from one litre of the yeast li(]Uor. In

t' - following e\i)eriiiicnts two concenttations were used— 75 and 12

k ..i'^% V
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grms. (

th

if tin- ri-ajii'iit ptT liln- of .iiitolysfd \r,i>t x>liitii :hII C.U 11 1 .1-.I'

ast li iftiT ilii> tr (IK|Uor

prist-nci- or abstiici' of any growth atroj^orio.

The nitrogni lontuiU of tlu- autol\srii \ia>t li(|iior, thf ,i( tis.iiiil

Lloyd's ri'agnit aiul llu' ycai-t licjiior afltr treat iiuiit witfi the reagent,

was dL'tt-rniiiud li\ the Keldjakl method. Tluii lH)th ihe-e latter

fractions were added to the li.i^ai diet^, ifi >urli (luaiitities tliat the

nitrogen rontent of the addition> were equ.ii to lo cc. of the .iul(ily>eil

yeast liquor which was the utiit re(|iiired to render loogrin^. ol the l)a>al

diet adequate for a normal growth in r.it-.

KXPICRIMIAT II.—Table <S, I"ig. <). Rats 2o2-,V In this series the

autolysed yeast was tri'ated with 75 grins, of I.lnyd's reagent per litre.

When the diets eontaining the activated riMgent were fed to these

aniiTials the result was extremelv s.itisfaetorN' for the early period of

the experiment. These animals grew at a normal rati- for the first

twenty days, and grew slowly for about forty davs longer. With the

ho[X' of stimulating a more rapid rate o'' ."-owth, the diet (diitaining

butter fat was subslitutt'd for that eoii* the lard on the 5<)th <lay,

but without any etTeet as tlu' rats be i line shortly after. Point

(2) on the eur\i' indieatis the ehange he lar<l to the butter diet.

At point (l) on the chart drinking w.itt . usi-d, which (ontained to'^o

filtered orange juice, which was followed by a slight iiu remeiit in growth.

T.Mil.l. f<.

Lloyd's Re-^cent 75 orm. per Litre of Autolysij) Vi .\sr LiyioR.

Dift. No. 1 N(i. 2 Nil. 7, No. 4

Casein 22<c
22'^',' 22^', 22%

Starch ;,.^'\' .V;f

;

.vV; ?,^'^'a

Sugar lo^,', 10'
,'

lo':';, 10",')

L.ird 3(>'"( 30",'

Butter Fat 1,0'", ?,o".'v

Salt 3% '

^^r ^% 3%
Agar 2% 2^\. 2''; 2'';,

Lloyd's Reagint Ppt. equivalent to loc.c. 10 c.c.

Aiitoly.--ed N'east i.iciuor

Lloyd's Reagent F"ft. e(|uivalent toio c.c. 10 c.c.

Autolysed N'east Lifjuor

Rats 2(H). 201, m.des, o-5<) d,i\s, Diet .\o. 1: 00-72 d.ivs. Diet No.

2. Rats 202, 203, males, o-5<>da\s. Diet No. y. ()o-72 d.iss. Diet No. 4.

45th {jay drinking w.. cr contains 1()'"( or.inge iuice which was incre.iseil

to 20'''- on the 6 1st da>..

-^rnw --":?;3WS
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Day. Weight. FixmI Intake*

(or IVrifMl.

K'.ranime-^.) 3"-

\V,it;ht. KckmI Intake*

for I'erifxl.

(<'iramnu-s.)

o 41 'L;rin 45 Krm. 38 firm 38 grm.

4 45 40 4' 5 40 4" 45-2

51.8
H 50 40 44 >

: I 51

12 S2 51 42 4 (,.) 5<> 51

W) S2 52 .V5 « 74
('2 5" -5

2<) S^ 5.^ 40.4 7S Ml 54 3

24 5,^ 54 5H.J 82 70 57 I

28 40 40 42 I 83 7« 54 • 5

-^2 SI) 5" 42 7 h2 75 51 4

V' S2 r^2 .V) 83 77 48.2

4<> S,^ 52 .V> 5 83 70 48,7

44 5.^ 53 42 «) 88 83 45

48 52 2 H8 84 43 4

S2 <>2 ''5 41 5 <<2 8f) 50.2

S(' <)2 64 47 04 01 45 2

<)<) <>S 60 50 4 K8 S6 42.1

(.4 '•5 50 M <) 84 88 4^> 3

(.8 f'S 55 30 5 i)0 85 35 >

72 <'5 48

Died 7.v<i Hill

38 2 «;i 86 36.6

"•1h.• finiire^; indieale the aiiiount ronsiinie 1 l>y the two animal!^.

Dili, .or.t.iui .luti.lvM-i: ,••.1-1 tilti..f :huii 1 !.i>il • ".it; ••!•

Di.-t^ .r.r.tair. :-.-.!!VjtfU I.k'vd ? I'Mf"' ""i-."" !" ' l""

iHluor,
I II. Dnnkinpi water riintain« Kl"^ tilK nil i.i.inur )iihc.

iJ). UiinkinK watt-r .ontiutiv 2(1% hllrr.-il (.i.insi- luai-.

Aium.ils .liar t.-il from l.iril <u liiitti'r fat ii:>-t.

7.'i Kfni P*-'' litre,

if autulysH yeast
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On tlu- <)()tli ii.t\ tlu' aliiuiint ot nraniii- iniii- in tin- ihiiikiiii; \\.ili i wir-

(loiilili'il. without .my furlluT imprn\( luini 1m iii^ Miticul

Rats 2(K)-I. Tlusr animalr- wtii' ltd nn <litl v.liiili iniilainid lln-

\iast li«ill(ir wliii'li liail |)ii\ inii.-i\ Imii triatiil willi llif mIhim -~tali <1

quaiititv ol l-l(>\ir> iiamnt. TIum ral> i^i'^^v v<i\ -InwK ami ihc

initial ^ain w.is not xcry i;n',il. 'riurc wa-, ImwiM r. a >ultu iinl ipianlilv

of till' growth i-lfnunt to kiip llu' animal alive l^r -J <la\-. -imr thr

iiasal tliit wolllil not maintain lilf morr llian ;,5 ila\> on itu a\rra>;i-.

Xt'iophtlialmia lUvildpi'd alioul llir 401!) i|a> I >n ihi 4,stli <ia\ man;;!'

iiiici' \va> aildfd to tlu' diinkinv; wairr with ilir n-nli thai the cvi

(ondition cleared up. It nappeared about tlu (xilh d.i\ . and tin amount

of orange juire in the drinkiii;; water \va> iiu lea-ed, lull willnuit elhi 1.

~iiui' the xerophth.ilniia per~i-ted .iml de\»''oped i'ltn a paiiojilh ilmil i-.

which was followed l>y the death 01 ral Jol on the <);,rd <\.\\
.

\l ihi-

point tile experiment wa> lirmiuated.

1;.\1'i:rimi:nt III T.ihle (», I'ij^. 10. K,it> ^04-7. In lhi~ e\p< rimtni

the aecessorv i;row 1 n factors were prepared li\ Irealiiiv; aiitnU-id \ea^l

liiiuor with 125 i;rm>. of l.loyd'> reai;ent per litre ol vea-i >nliilinii.

Kat> Jor)-7 were fed on the diets containini^' the aclisaird I lt.\d'-.

leaKcut. 'rhe\ grew rapidK \>iv the rir>l lorn day- and d.nilil.d llieir

initial weii;ht durini; the hr>t twinU-fixe day-, and win' like niuinal

rat- in everv re.-i)ect. At ihe p<iiiit 1 1 ) on the i halt, drinking w.ili 1
1 1'li-

tainini; 10'
, liltired uraii^e juice wa- admirn-lered \i> the aiiima.-, w liii li

wa> increa>ed to 20',' on the ()i-i i\a\ . luii ilii- atldiiion w a- wiihoul

any n()ticeal)le effect on the coiir-e of ihe exprrim.iit 1 >ie;- cmlainini;

purified liutler fat were u.-ed after tlu (.i>!!i da\ , iuil w illi iim < (in-ciiueiU

ilupro\emenI.

Rat- 204-3 were i;i\eu die! containini; the \ea-l liiim.r Imm which

ihe acce->orie> w.rv -ijiaratetl by mean> of IJ5 Rrm-. of l.lo\(iV k aKcnt

inr litre. Tlie-e mixture- did not enable the rats to m.ike nioii ihaii a

15 i;rni. v;.iiu on their initial weight. The 11-u.il sii;n- iM a dt tu iency

appeared in a >!iort time. (nnteniporaneou-K wilh ral- 2imi 1 the

u-ual eyi- \ mptom- appeared, whiili wire temiitir.inh iilie\ed b\ the

-ub-titulioi! of the drinkint; w.ilir bv io', ..i.in^e iuici ,
wliuli w.i-

iiureased to 20' ,' on the dl-t d.iw Diet- conl.iiiiin^; puritied biiller l.il

\eiv UM-d after the <)Olh d.i\ . In -pit. .'1 ihe-e chaivj. -. the i\e -\ nip-

h.m- reappeared abol.I ihe t.oth da\ .illd pt r-i-leil Willi illcrci-'n'.;

-e\eritv until the expcrinu nt w.i- termiualed on th. jotli il.i\ II, nl il'.e

I I ,;nimal- been kei)l mut h longer 011 ihe-e die!,-, dcilli wnuld h.ive . n-ued.

The re-ull of )iie-e expirimeiit- in.lhatr ih.il l,Io\d'- re.iLimt 1- ,in

.i(imir,il)ie meduiin ioi niiLdliin^ .1 . . .Ih > r.ir.iai pieji,;:.:!:

JiM 1.. ^m " l:^-. jiL-.-vy
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TABI.K t,.

Lloyd's Rhai.km 125 <.rm. pkk I.itrk of Ai loivsi d Yiast LigiOR.

Di,., J^JlJ -"^"lL. ^" ^ ^'"- 4

(•^i,rT:T7~":: r7T7"22%' 22<c 22% 22%

Starch 3.^% -V^^'f ^-^'c ?,?>%

SuKar >«% lo^f 10% 10%

l,ar<l ^0% 30';^

RntUrFat 3""^ 30,o

Salt V;o ?<^'( 3% 3%
Asar 2% 2^r ^''^ 2%
I.1(.>(I'h Kiagcnt Ppt.r(|iiivali!it to loc.c. 10 c.c.

LlovdV RiaK<nt Fit. i-quivaknt to lor.c. 10 i.e.

Autolystci Yiast Liquor

Rats 204-6, iViiiaUs. Rats 207, inalc. Rats 204-5, o-.sgth day, Diet

No. 1; <K)-70lh (lay, Ditt N<«. 2. Rats 2of)-7. o-.S'Jth <iay. Diet No. 3;

<.o-7oth (lay, Diit No. 4. 4K-f)Oth day, drinking; water contains lo^o

<pranj;e juice; (>i-7oth day, drinkinji water cotitains 20'^'^, orange juice.

l7ay. Weight. r<Ki<l Intake* Wiisht. K«MKi Intake*

for IVrlod. <or Period.

204 205 (Crnmmes.') 20>> £07 ((iramnies.)

o 41 Krm. ."SOKriii. 37 KTh. i« grin.

4 47 .S7 .=^2 9 .so 2,^ 49.2

8 .S3 hi 51 5 ,S0 2h 33 I

12 58 ().^ 4** " ''^ 30 406

16 <>o ('4 44 5 77 .'3 4' 4

20 57 (Hi 400 Ho 34 4(5 >

24 51 ,SO 3H ^ ^i 35 46 «

2« 48 .so .>7 .S ^3 .VS 4^' -2

.^2 50 .S3 32 ') 90 40 47 7

.^t> 54 .S.S 47 7 94 47 45-4

40 62 e>2 43 7 't^» .S2 .so. I

44 (),s ^,S 43 9 100 ,S,S 47 2

48 (.7 65 46 8 too .S7 4^

^

,S2 (14 6S 4,S o 105 so S3 -2

56 <>4 '>o 40 2 I OS S7 4.S 3

60 tK) 58 .V' o 105 5,S 4><i

04 Dead 280 loh 5.S 4.S 3

70 5.S '^'h I^'iy 27..^ UH) .so __JliJ

•The figures imliiatc the .itnount KinMiiiieil \'\ tin t»o animals.
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m
No. 4

22%

3%
2%

fii.. 10. Kdi* :.'m-»'ii,'>. Dipts lontain .iiiiolj -•il \<-,i-t iilii.iif (ri'in LllJyl^^ leagpnt. U'.'i Ktiii. ik-i

litrf.

Rat" •'(W-L'l)?. Diets conlair awtivalPil MdMl* natrtiu. 1.'.") trm. p<T litrf.

(1). Drinkinif watt'r contain,* IIM";. t)ransr jmcp.

i^l). OrinkmR watfr toiuain^ ^0<"; orange juu-tv

Animals ilianneti fr('m lard to Imtter fat du't.

growth accessorifs from yeast. Considfrt'd on thf basis ot tin- tinu- rr-

cjuired for thf animals to douhlo their initial weight, the n-Milts olitaiiuil

by the use of this activated reagent may lie considered as eciu.d It; those

observed in rats fed on normal diets. The use of gre.iter (|uantities of

Lloyd's reagent apparently resulted in an ininased adsor|)tion of the

growth substances, for in the case where 125 grms. of the silicate [ht

litre of the yeast liquor was used, the activated reagent gave lutter

results.

The Lloyd's reagent brought down from one-tiuarter to ont -ihird of

the total nitrogen of the yeast liquor, depending on the (juantity ol the

reagent used. It is possible that 75 grms, jht litre concentratiuti was

not quite sufficient to adsorb all the growth fraction. When 12,S grms.

«(f the reagent per 1 treof yeast were usetl the amount ol 'Utrogcn brought

down were correspondingly greater and the behaviour of the animals

indicated an increased adsorption of the growth accisxirits Hut i \-en

in this CISC, the adsorption was not absohitely ptrlei t, s ntc the animals

maintained their life for the exiHrinuniai period, when subsisting on

<liets containing the filtrate from the ye.ist litjuor alter ire.iimeiit with

the above concentration of the reagent. Mad the ye.ist litpior Inen

complctelv freed of vitamim^ by the above method, tiic animals would

not have lived more than five weeks.

wm^v >^-^ -I-'
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It i> i-\ii!flil that n.piir <>l tJu^f nutliixls el -.par.iticm wliidi wciv

iiM'd in att>;n|)t> to isolate tlu' urowth Mil»tani.> will c|uaiitiiati\t'ly

ninov.' llioi- rUinnit> from tlnir >oiiiti<.ii> In tin- rasr of the anti-

lu uritif vilaniinr. llir i)ioloKi.al ttst woul.i not <Umon>traIf tlu- prc-si-mv

of iiifiniti>imai traits of tliis ( .>m|)<)iiiiil. In tlu' t asi- of tin- growth

la, lor-, tlu .Uli.itnrv ot ih. nut hod i> ividtnt. Sinn- tlusv ixiH-ri-

nu'nt- an- (arriid on lor a juriod (.1 tinu- sMlluirnt to diinonstrati- an

apprttiah'.' til.. I, liuou.nh the Minimalinn of a mtIis of Miliniininial

stimuli dm- to th.' rxtrtimlv miniitr tratc- of tiif t;rowtli at i t-sorKS,

whiih tin M paralin^; a^t lu y cannot rrmosv.

Tin wriiir i- not of tin- opinion that vfast rontains s-M-ra! j^rowth-

proniotiiiK a,miuii>. Ilinnul and M( Kim (I<)17) and Williams and

Stiddl (i>)if>i l)tiit\id that then- ari' two f.ulors. oni- antiniiiritic and

tlu- -KiMul whoM- fniution i- to maintaii. wiiulit. Thf formt r .iiithors

hold that this laiitr fat tor i> not atlsorl.til liy Lloyd's riautiit. A tiirsory

in-pittion til ihf writer's n-snlts wiuild tcnil to supixirt tlu- tlut.ry that

tht If art' two iltnunt-, a ^rowth-proniotinii faitor .ind a \viii;ht-maiti-

taininji la. tor. wliith riniains in thf yiast li(|iit)r afttr aj^itation with the

rtai;! nl. Diit- whitli font.iin tht- inactivatfil yeast lii)iitir i;a\f i \idfntv

of sliiilu wtiuht-m.iintainini; lattors. hut from the writer's previous t x-

|HTif ntf with rats suhsistini; on liiets of \ar\inK decrees of tlelitienry. he

i> ()• till opinion ill, it then i- only a sini^le fat tor whith is intompletely

remo\(d liv the mt thotls ii-eil in the .diove series of experiment-. 'Ihe

niainlt ii.intf laetor ohservtil in the inai tiv.ited yeast litjuor is the elteet

of a Kiiitinuotis administration of suhtuinimal (|Uaiitilies ol the i^rowth

fatlor iett iHhinil liy the prei ii)italing media.

The '.growth attessorv is one th.it is re.ulily adsorlietl liv tin volu-

miiioii- preiipitates resuhini; Irom the at t ion ol phosi)holunK-tif atiil

on simple ori;aiiie hast- ami various silie.iles .uid tolloitls. its removal

liv these .lueiuies is tliie to the physical protes- tit atl-ori)lion. whith is

the print ipal tailor in t.ititit.itini; the isolation of this tleim'nt. On the

olher h.iiul. it- preeii)itatioii liy silvt r s.ilts when the solution is rendered

alkaline -unis to point tow,mis ,i tlu init.il i (.mliinatitiii with the -ilver

and lonnalion tif .ui in-olulile s.ilt with tlii- ]iii t ipitatiiii; aKeiiey.

Till. roXIl 1,1 l-I.CT nl I'KDl.oNrd 1) .\l ).MINI.STK.\TION Ol"

I.IONDS RI.ACI.Nr

In ihe pn \ ion- -trie- ol e\pt ruiuiU- the .inini.il- deelineil durini; the

tinal peii'M! of the experiniriii, «\in when the ilit t eonl. lined the growth

.ifee-Mir\ in ,i tiHiet ntrated form. In -oine i.i-e- the .mim.lls refiixetl,

in .iil'lition l,i ihi-. the anii-i nrlmtic f, it lor (or,mi;e juieel and the t.it

S'.iuii'u lonuioiied iiinrilieil luillii tali. In -pile of these adtlitious the
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(k'cline in thi- final sta^i' I'f thi- rxiKriniriit |)»r>i>tr(l and cnnlcl nut ha\r

rrsMiry (IrftcifiitA-. Thr nnly otluT jin^ililr lactoriH'L-n duo to .ir

risjK>nsihlf for ilu- dt-iliiU' w. th I' prisincf ( .1 th( ina»iinil ll.l.' I.lnNd'-

riaRi'nt in tht- dirts. Accordingly a fiirtlur merits of cxpirinuiit-- was

carried out in whiih the b.isal diets were ninlorced with 10-20 c.i . of

autolysed yeast per kk) ^;rnis. of tin- diet niixture. This series w.i> the

control, .\nother siries was initiated in whiih the anini.d- wire li<l on

liasal diets with the antolyse<l yeast litinor, ,is descrilied alM)\e. Itnt with

the addition of li\(' jinns. of Lloyd's rctyiitt to e\ir\' itM> i;rni . ot the

basal diet. In all pnvious case> where the silicate was ii>ed. it was

f)resent to the extent of 4-'> v.rm>. to i\tTv 100 ijrnis, of the diet.

; ::im:rimi;nt I. -TaMe 10, 1'i^;. 1 1. Rats jos-i 1. These .inini.d- wire

fed the diet indicated in the tal>le. The tir-l (m) days of the experiment

the diets contained to c.c. of aiitol\-ed yi ,isi licpior i>er 100 i;'"'^ "' ''i'''

On the 6ist day (point J on curve) the autoly-ed yeast was iiureased to

20 c.c. for the remainder of th" txp.rinieiit and the fat solnt'K- acet^^iry

was supplied liy ]nittin;.i the animals on Diet 2 on ihe ().}th il.iv .it the

point (.^) on the curve. Th'' imn.ssr in the suppK of yi .i-t liipior ,ind

the addition of the fat solui'le acre>r-ory slimnlaled .in iiu re i-e in the

consumption of the diets ami resulted in a >li^;hi u lin in \viii;ht whi( h

had. however, been iireceded bv a -lii;lu decline in the i^rcwlh eur\<'.

In no case diil ihi animals att.iin ,1 \vi;i;lu a littli- nion- th.m dnuble iheir

original wei^;ht in a period of K4 d.iy>. On the whole, t.ikiiii; into lon-

sideralion the jjresence of the acn s-orio, this experinuTit was extrenu K

unsatisfactory as reg,ird> the i;rowtli inci nienl.

TAIM.!. 10.

1:.\!'i;rimi:m to snow thi; 'I'o.xk I"i i i.ct oi' Li.ovp's Ri;.\(.i:\t.

'"

No. J
D;.t. No. 1

Casein. . . .

SuRar

Starch

Lard

Butter Fat.

Salt

Agar

22 urni

ID

3
2

Lloyd's Reagent 5

22 grm.

10

3

2

5

All female rat.s. Rats 208-11, o-6oth .l.iy, 11) c.c. autolysed yeast

liquor to too grm. diet; 6i-9Jst day, 20 c.c. autolysed yeast liquor

to 100 grm. diet; o-64th day, Diet No. i; 65-9ist day, Diet No. 2.
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Day. W .•in II. I'ihmI Iiil.iki* W.inhl. I.HM Iiitaki'

I'.ir I'ituhI. 1 iir I'rriixl

.., H -'(HI (( ir.itijrnrs. ) .'1 ti - 1
i( ir.ininus.^

t» «K) HI- n. 72 ^rin 4X^rm. .^7 urm.

7 7f< / - ')5 75 01 It>5 5

4 74 72 107.7 fxj .S« I(K) 2

31 87 8o '»H .^
Ho 7'> 108 2

28 t>5 87 i><) S >'<7 74 I«»5 5

.V^ lot) S.J UK) 3 ')5 '<.', 106. <)

4-' 1(M» •<3 ||').4 ')7 >^.\ 102 ()

V> KHl '^7 SH. i lou ^.S KH) ,;

,S<« lOll S() ()7 loo 75 <)H.2

t>\ I I(> >)<) 1 25 100 '>5 102. ()

7" '•>5 '<5 III. 7 KM) f>5 107.6

77 IJl) ')5 1 25 J '"5 So 122.2

>>4 125 loo 140.0 no Ho J-V) 5

I'lir t"ii;iires indkatr tin- .intoiini consuiuiil liy tlif two .inim.il>

I'll, 11. St..(.k ilii 1 .•iititjiiiiriK .Hit..IvMil vi-;i.it .mil I.iiivir-- riau.-iit.

IJI .\iitiil\ I yiM-I ini riM-iil Irnni 111 .'11 n-, p. r lull urm. ilii't.

t:i). Aiiiitiais chani;i'il fnun I.iri) to hutliT l.it iliil.

KXI'KRIMI-NT II.—T.lhk- II, I"i^. 12. Rats 212-15, Tlu.Sf WCR'

riintrol-. to till' pri'ci'iliiii; t'XiH'rinicnt and thr aninials wen- fifl basal

duts leiiiiorrLd with autolystti yiast li(iuor, hut without addition of

till' Lloyd's nagent. TIk- amount of aulolysed yeast was iiureascd
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Inim lo to 20C.C. |ht kt'"^- 'lift, nii ilu' Miili d.iy in ilic ( a>f (.1 v.ii- Ji j-13

and on thi- 47 th day for ral> J
1
4- 15 1 point j on rur\i ). At llir iniinl i.^)

on thi- chart (tho 65th day for r.ii- JIJ-I,^. llic 5i>t ilay for rai> ^14-15)

till' l)uttt'r fat .i(ti's>ory \va> •-tippliid liy tin iiMof I )i(t j. Ilu «» varia-

tions wiTi' introdiiird to m.ikc tliis txiMrinnnl >lritll\ loniiiara!'!' to

Kxpfritni'iit I. In all caM's tlu- tltaiiv;i~ wiri- niadi --itniili.ini (n>ly.

TAlM.i: II.

("oNTKdi. I'oR Tin: Toxuirv ni- Lloyd's Ki A(ii;\i i r.xin 1 loi.

Dill. N... I

fasfin jj'
,'

SuRar 10';

Starch

I.ard

Hntlcr I'at.

Salt

Auar

.vv

;

.v;

No -•

22'
'

I')';

,v;

Rats 212, 2I,V fcni.ilo, o-^tfth d,i\', lot .c. .uiIoKm d \im--i liipinr ini\i d

with 100 j^'rm. of llu' dit t ; fio-()i d.i\ , .:o( .1 . .mi.ilvxd \( .i-i iicpior nii\i d

with too ^1 ni. of the diet ; o-(>4th da\ , I )ici No. 1 : '>,s-i)l-t d,i\ , I )iti No
2; Rats 214. 215, females, o-4()tli da\'. 10 c.c. autolysed \f,ist licpior mixed

with KM) i;rm. of the diet; 47-77111 day. 20 ex. aniolysed ye.i^t liipiof

mixed with km) ^rm. of the diet; 0-501!) (l,i\. Diet No. 1 ; 51-77111 da\-,

Diet No. 2.

Day. WiiKht. I'iMpil Iritakf*

Kiir I'rriod.

w •ichi.

J12 21,1 ((iraiiiint's.) :!I4

^;riii

-',s

45 Knn.

I< 'iIUIl:;',-':-.)

5« «rni 5S ^rm. 5"

7 77 75 S<) () ^4 70 1 00 <
)

'4 Si 77 107 5 KM) '"5 K'4 5

21 «)S '>.S KH).S 115 too 12') (>

2^ 1 K) 104 107 (1
'

120 105 124 <)

.VS 116 I K) 120 4 '•;5 I 10 I2(. 7

42 120 I K) I 1 3 . <) i.V> loS 1 V5 2

49 l.V) 121) 117 <) 142 110 140.'.

.S6 12S 1 12 122 <) ^r>2 117 140 ')

(k", UO 120 1.S-- ') 165 i-?5 ' 52 .\

70 U2 i-2.i 1251 I So 140 ISI

140 140 151. 4 li^S 145 2(K) S

«4 I4.S I.so 147 7

<)\ 145 15" 147 7

*Thc fiKurt's indiiati- tfie amount lonsiimod by thi- two aiiitiialn.
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i.M \i.l"ly-i-'l M'.i-t iniri- I trini ii -J" n

I i) \-iir,il- . Ii.ii;v-.l II l.il-l !• lMi!!>T l.i

I.I t llMI ;;rm rlift.

Thixniilrnl M-riis <! in.n-lr.il.-.l lb. it itii- .ii. t roiild MM>|«'rl thf r.it- in

rnrmal o.ndition .hiring tl"' •'•..K- ol tlu , xinrinu nt.il |..i.-h:, -uuv

tli.-i- .mimals alniu>t tnlikd lluii miKinal u«iv;lil •' 'i"K tin >\i..ri-

nii 111. Tluy wfH' iiorm.il in a|)|H araiu r am uliavimir; and the nmu ih

r.itvna- ihat iisiiall\ ol -i r\ iM in animal- k<l w illi natural huid mixtiirrs.

llii.- Mrii> of expiTinunl-^ fairly d.m<in>irat. -^ ihf tnxir ilTirt pr..-

dii.vd i.v pn.ldniifd a.hninislratinn nl l.lovdV naycnt. A ^lan- • at the

diait> allows ihi- ri>nlt in tin- nin>t ~irikin« fashion. Since tlu' anini.il-

(,„ Mimed from 10-15 ^mis. of fo,.,! per day. the amom i of reauent >n

the diet of rats 2()S-i I varied from o.4-o.<> Krm>. dail\. The r ds of

foo.l intake of both m t- of animals shows thai the ronsumi.i v.,-

api.roxiniatelv the same, l.oth in the controls, and the animal- whose

diets inelude'l the Lloyd's reagent; consequently thi' . onsutnr""" was

sutVicient to permit th.' latter set to ^row at the same r,.te as ii. on-

trols. The toxic efTect of the silicate did not consist in produrinK a - ne-

of metalMilic changes which would lead to diminished intake, followed h\

a corresponiling letardation in the growth rate; l.ut acted in some

fa>hion as vet unknown.

rhe growth obtained in rats 212-15 by the use of autolysed yeast as

r •
i ,,,,•_.....- tt-i' til i.i-itT- of th"'^ s>'b*tanct

a M)urce of accessories, de:r.nnMr.:-.vr tni mii--- ••- "i '" -_i-. -«<i-

for such a purp<ise. In comparison with the previous experiments, in

which whole yeast was employed to enable the animals to attain their
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KriiJ'Mi'

.ti I

lotnni

!>

u-ii,il k;i>wtli. Ilif wiiu r is (,i ; hf . j.ini.m tli.ii •• .ml \ -i« li inipr.n

il:f nt.iwth-|>i')!niitin< pr.'iKTtu- .it Vf.ist t'lN.iH-r i |.(I4. ' '"'I *^'i«l«"'

(nji7) (oiiilti'i.- til.: .mti.tv-.il vr.i-t i^ rnorr utiv I'M m i'

ilry IT m(>i;-t m.is- .>t ^ . ,i-t .ell- .i> .111 .mtnxilyiu •,.: .ti. li'-i*

.ini< with iti.- wii''-iV < \|H'riin. < - n-n.inliiii; '«' k'-»''''

pi..|Mrli< - "! ilu' liivwtr'- vf.ist. .1- illii- .iH-<l ihf .tl-

I'hi' I.K : lh:it tin- ijrovsrii itiii'.nl tn.ii the i-t (.. «

l.\ m> 'IkmI- >imil.ir to llioM- '.v vvli" li: nUm. iifi. .ni) .in

Im'.-ii prti''"! |M>iiit> tu tl tiHi.lu-niii 1
Ik)1Ii 'l - 1

ii|'

Ih! .iin to 'u s,imf nr.iii|i, IT .11' !!i .ill ir^.. Mh.M"! i.i •••it,-,il \m

nnthcr. rill- sicw n.iii.i.l-- «illi thai rxpi, - \
in M< '

S iiimon.U.iiiil Pit/ (I<)IH, I) wh.. I.nn.l th.i' i!..-if u r sdul

a. isM>rv which i> 1 Mr factor prep >!.. I In. II \i ~t li> n.

thi' <'li!iUiil v\hic!i itTi. I- rcli. I w !. ti .fir ni- rc.l to .

polyneuritis. (hi- \ icw i- sh.ir.-.l DriiiMmnn.i lm;.'

Willi rcn.ird to ih<

. \[)(lii net of the atl'li'

oi M. < oliiini, OsiMtrm- at

whii h KCfivfd thi- <om-

over the aiiinials wh(l^^

t-xctption of in iniTc.

sli^liilv supcrl.ir cxtfrii ,! .ipjMMr.nh

th.it (IfscriUil '>\ ttu-M' aui lors w,is not

were inm^tinii tht- fat sulni > ac('ssor\

fri-sh rast an<i the aiitoly- vrasi li.)i'..i rn.iN coiit.iin -

of til fat Miliililf acccssor\ ii;l thi

rest ihscrwd from ih<- u < of di

••
,ll 1 ilK' lat soliihll- .1 ^

|.*'.S i;t .i»'il«.|i , . li roi. i

\icii.i-n ini= i >riiniin 1

11(1 .i r,r- Ills .rkt'd

.11. liiii . pun l.inl,

resist. i: 1. , ili: . \«- Itl'.-I I

111-

in.

til

II'

fat. Nk^aiii, lit- (onipa

m.iv insuiiicifnt I

l.ii- 1 t.i xcrt it

I It r- iil'l. t.ictor

que

hi.

i>i of mail t.iini

lud by th. write;

iiuurit 'ctioi

tl>

(

aci .irv-l,

pi J:- vs hie*

ti.ins of i

ctistoni.ii

«,i~iin pr'

[Vfi K( i

V I'll III, It

iiiim.d-.

l\ .iiit.ik;e

vsith ill.-

.1 .111(1 .1

\'. ctleit up.. Itle I"

ill c.ise .% ! ' t' lini.ils

is 'H-rliaps p lat the

liiantities

< .lunt for the siimlai ly ol the

nt.iiniiii; the l.ird and Imtdr

erinieiit.il iH'riod 1 ,S nimiths)

ne iK-tweeii the l.ird ami llie

lid Kennedy ( I<!I')) sl.ite thai

inr l(.n>; (leriods, when it i- onl> a

i tin- iinimals. The results v,, |ar

tli.it the fat sohililf access(>!\ lias

>s|.lNS \ir.\MIN! -I RKI.^

i.e ((.iisiderefj in the preii.irali'His ot

po-sil)le Ir.ues of tlie ac. essor\ rolll-

' !li( h

I-. is

..usinl I- impurities in tin eoinineKial pr. p.ira-

- wlliih collstilutt the.si i),isal diets. It ll.ls Leell

- investi^.itors to treat tin' ( .irii.iludr.ii. s .iiid

iiv ixtraition with ..ild 01 hut alxihol to render

W^^
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tluni \itaniiiu-fri-f. MrColluni ;m(l Davi- (lOi.S. 4) h-'vi' <'.»lli'(l atlcn-

tioii tn the- iHi>^il)ility of (h^troyinn tht- mitrititivc t tVu itiuy uf the ciscin

it>^tlf, wliin tlu' »xtra( t> .in niadi- with hot alfoliol, or whtii tht- lasiin

is aiiloclavid at tim|)fraturis alM)vi' Kh)* C. Th«y purifiid <a><.in l)y

.xlra.tion with <li>tilU(i watir for a jHiiod of .1 wtik or m) and statt;^

that this pnuTSs rindirs ihi- protein acassory-fn-i-, without injuring; tht-

lastin itself.

Thf writer has .ilways < xtra(te<l the tommenial casein l>y retfuxing

With I.oilin)i .liiohol for six hours. The alcohol extr.ut was alw.iys

tinned yellow and when eo<il, de|M>site<l a considerable (juantity o( white

or yellow tlocdilent leathery H.ikes. The casein, after extr.iction, had

usually changed from a li^ht >;ray to a hrown colour. It was, therefore,

ailvis,il)le to determine whether the casein had lieen adversely aflfected

l.y the action of the hot alcohol.

.S)nie casein was taken froiM a lot, which was subsequently purilieil

by alcoholic extraction, and purified by the method f)f McCollum an<l

Davis. It was put in a cotton bag and immersed in distilled water.

The water w is .harged daily and the bag was well knea<led several times

daily to insure intimate contact with the water. .After a week, the con-

t» nts of the bag were put on a filter and the water drawn off at the pump.

The mass w.is washed once with cold alcohol and allowed to <lry at riMjm

tenijx-ralure.

Diet mixtures were made up containing this washed casein and fed

to rats 55-6, Table 12, Fig. 7. These animals were put on the experi-

mental diet at the s;ime time .is those whosc> growth curves are n;orded

in Fig. 7, ami the expn'riments wen- carried on simultaneously. Lard

was ustd to supi»Iy the fat in (he diet. These animals did not show any

suptriority when (ompared with those others whose diets contained

<asein, refluxed with iK.iling aliohol. This latter procedure, therefore,

had not affected the nutritive pro|Mrties of the casein projHT.

T.ABI.F 12.

Ditt. No. I Ni'. J
^'il:.?

Tasein (McCuflum) 22^0 22% 22%
Sugar lo'c 10^^ '0%
Starch 27''c 2g<"c 27%
i.ard ?,o% ,V)''i ,V»%

S.ilt .^''c b% OTc

Agar 2<^: 2*t iV;

NVast (dry) (^"A

Y«.isl (moist), e(iuivalent to . . 1% i^i

of Dry Yeast

Rats 55 and 56, females, o-5«)th day, Diet No. I; Co-S7th day. Diet

No. 2; 88-i40th day. Diet No. ;,.



Thi: Rn ATioN <>i Vii\Mi\hs ^2<)

Wnnht.

?'

Int.ikr.

.C.ll.TM- I

O

4
8

12

I6

30

24

28

32

40
6o

8o

lOO

140

48 urm. 52 ^;nl^

<'7 71

Ho ><2

X.J 01

<)6 l,(,

104 102

107 K>4

ux) UX)

115 116

120 120

140 i,V^

144 14.^

i.^f' '50

K« i.S<>

' .; J

i^S 4

/ /
J

h<.

74 t)

.14 ,1

7'> S

hK 4

ht> .^

7f< 4

7') 4

M *)

•The finiircs indirate the amount (<inMiim'l I'V the two .iniii...!-

((uviimnial r.iMiii prtp.iratidns wirr .ilxi iistd j^l^t a?- thty wire

piirchaM.l, without purific.ition. Dirts which Kintaiiuil th.sr .as.in

preparations wtro f«l to various animals. Thr .li. ts wtr. nthtrwist-

atTtssory-lrti'. Two s-impUs of casiin wire iisi<i~-Kinu r and Anuntl's

and thf Digtstivf Ktrmints Co.— in Imth t.ists thi' animals nia.k' thf

usual initial Rain, thtn (krlinid .tn.l wire takt.n off tht-f dirts at the

3()th day, when thiy had reietled to their original weight. In no ease

could any sign of the aett >sory fac tor I.e detected and consetiut ntly these

casein preparations could U' considered vitamine-free (Table i.v Rats

222-,s).

Diets were employed whit h contained dried egg alhumt ti (Merck) an

the protein fraction. These likewise fail.d to show any trace of the

accessories and thi- prtparation was therefore vit.imine-free. Thi'

animals were declining in weight at the 201I1 day (Table l,V Rat- 22H-i)).

I<"il)rin w.is prepared by washing the blood .lot, till fi.-.- Ir.mi haenif)-

gU.bin. soaked in «)S'
,', al.'.ihol. filtere.l an.l drie.l in an .iven at .jo" ('.

This was used to furnish the supply of protein. The .mimals ..n diets

.ontaining this protein showed all the evideni.s ..f a vitamine deli, iency.

There was also .1 deficien. y in -ome oth. r n spects, for the .inimals made

no initial gain but imnie.liately re.e.U.l t.. about ho'; of their ..riginal

wtight. The urine of the-e animal- tia.i a gieeiii-h tinge (Table 13,

Rats 220-1).

-^r»f*s^"' ::*
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TABI.K 3-

l)i,-f.

Protfin 22'; R: t>224- 5. ni alf^ lVi)tfiii i-ia>i-in (Kimir and Amend)

Starih 33':;. R. t- 222 ma V. 22T,. f<malc. f'rolfiii isiast-in (Difco)

Sugar I./;. R. l> 220. 221 , mails. Vroti'in is i'(iual parts (if fihrin and

Lard ,v>';. f«g

;

il!)iimi'n (Mirik)

Salt .v: k, ts 22h and 22-, fi-ma ks. Protriii is fihrin

Agar 2'';, R t-22H and 22<), mail's . Prolrin iso^ij alliiimiMi (Menk)
_^ ._

.

- — -

.

Dav J20

45

;2I 2>J

UX)

22 » 22,S

O 40 lOO ()o 100

/
4'^ 52 I2() 107 105 107

•4 45 5" >4" 120 112 115

21 45 43 140 <25 I 1 H I 20

2^ 132 UK) IK) III)

35 "5 S5 10<) lOl)

3'» I()S 7H »o 71)

Uav. 2!(^ 227 22<t

O I(K) <)6 4« 40

7 O.H 8(> 55 57

14 'K5 ><5 54 5^

21 <»2 «7 45 50

2X '•5 7«

:^5 «0 6H

39 «o 7"

A dii-t similar tn tlu' alxiM' was tod tn 4 animals (Tal)li' 14). riu'

acci-sscrifs wiTo su[)i)iii-d in tlu- form of aiit'>ivr.id yi-ast li(iuor. This

mixture enahleil animals to grow .it the normal rate for 21 days and

demonstrate I that the diet was fully adeiju.'te for this [n-riod.

tabu; 14.

Oi.'l.

Fibrin

Kgg Alliuniin

Stan h

Sugar

Lard

Salt

Agar

11%
11%
33%
10%

3%
2%
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To.a.h loosrm. of ih.- .ibovt mixtun ion <! a.itoKxd yta-t was

iicUUd an«l worktd into a stiff pastr.

Rats 216 ami 218. malts; ii; an<l 210, (tmaUs.

Pav. 21b M7 :\>'

IS grni. .^7 KHii. ,1^ Kf>"

45 52 55

55 .S'"*
^«)

60 55 68

o 18 grni.

7 .V'

14 4'J

21 50

It is evident that thtsc comni.rc ial prottin priparations win- fnc

from all trace of a. nssory growth sul.Man.rs. The aUul.olu- extra. t,on

used by the writer to tliminate these .oinpounds had no appr.rial.le

.fleet on the nutritive valw of the protein in spite of the vigorous

treatment it had imdergor - . The easein used by the writer throughout

all these ex,HTiments was ., eommereial prev..ration manuta. ture.l by

Kimer anil Amei !.

THK KNKRC.Y RKQllRHMKNT ol (.RdVVlNC ANIMALS.

The writer has kept a reeor.l of the <lietary intake, measured in

calories, of a numinr of animaN. The^e re.or.ls were prepare.l over a

ix-riml of two years an.i a selection ..f the results obtain..! .s tabulate.!

in Tables 15 and i<). .

In Table 15 the figures hve Uen ...mpiU.l to illuMrate the gain in

growth r.r I,(KX) calories of f.HKl intake and the ...st i •
'or.es l..r .a.h

gramme .,f new tissue adde.l t.. ihe weight of the ani • ,
The anmials

whose dietary re.-ords are in. lu.U. linth.se tables are. - «' "• lal.l.^i-?

and Table .• u •

The animals fall into two m.iin grours a.-.-.-nling to their re.iuire-

mcnts for the f.irmati.m ui n.w ti-ue an.l th.ir ....nomy in utili/.ng the

.lietary intake. v..

The first group in. lu.l.s all tlu^ ral^ wh., are und.r 50 grms. in weight

and when the exp.Tim.nts w.r.^ .,m.iu> t..l during the M'n'.g ami I..11,

.-luring the warm w.ather. Th,' .xp.rim.nt.d p. rio.l ni this .I.i-w.is

under fiftv .lavs. . ,,

In ..11 these .ases, the ...st p. r g.amme .,f n.w ti^-u. w..^ pr... ti. .illy

the same. R.its 27-.V. gain.-l from .V t., M gramme^ p. r thousand

caories. an.l the ...st of .aie gramnu- of new tissue rang.'.l from .'.4 to

20 .alori.s. Rats 27 to .V- w. re on a .i. fu ient .liet th.- hrM 20 .lax> and

did n,.t grow, beyon.l a flight initi.il gain, followe.l by a flight .Url.ne.

During the last 28 .lavs these r.its w. r.. put ..n ..n ...le.,uat. .liet ,.n.l gr. w

j3p;,,!,, ,..,in,;,t,.!v attaining th.' same approximate w.ight, as the an.m.il-

who grew continuo.i^lv throughout the . x,,erimei.tal p.rx.l. Kat^ .V5

V TTT^
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atid .;') i;rrw imrmalK .mil ari- t'li.- (otiln>l> t'lr this >iTi>-. F^.itr' 33 ..iid

,^4 iitili/cd lluir cncr.vj^ iiil.ikf los I'tticifTilK' than (hf other:- in thl?.

Sroiip, proli.iMv iiwiiii; In ihi- fact that thtv had iHtii placed on ,in

inadniiMtv iliii the final Iwilvi- <lav- ot the cxiM-rinu'nt and thr t;rowth

iiir\e tlattciiid and declined a> a resnlt. Kal^ Ho H(> did not display the

a\ir,ii;e econonn in de.ilini; with their calnritic intake. They were con-

Mnnini; diet- (ont.iinini; the i^dated fr.u lii>n- which had been pre[x>red

frniii \e,i-.|. .uid the .icccssories had underi;one a (t.irti.tl depreciation,

a> a t iin>e(|nence. .\ninials Xo-Si, CDnsumed diets cnnlaining the basi-s

carriid down liy phosphotunn-tic acid. This fraction included the

Krowlii .iccessories hut llu- rats re(|ui(ed a longer time th,.n usu.il to

tabm; 15

K..I N.. ('jip m
( ir.iiiiiiK'- Cilorii's

(',iin in

( irjiiinir-,

l.'«m (" (Is

Cost [KT

I urni. New
i'lssiie in

Cil.irii'-,

27 and 2.S 21 grm. ,1 I2()-, 5,S 17

2() and ,v> 2q 5 7,; 5 ll')7 f)l i(> 4

33 and .^4 20 54 S lO.'^S e,o 20

35 and .^6 18.3 75 l^\>^ 57 >7 .S

Rats 27-30 were stunted thi' first 20 days of the (xperinient and ijrew

normally the last tweTif > -eij<ht days. 33 and 34 weri' |>ut f)n ,1 deticient

diet the last twelve day- and lo-t weik;ht 35 and ',0 ijrew normally

fhrouKlioiit aiicl ar<' controls.

Ho ami .Si 24 5 grm. 2H 560 so 20

82 and S3 25 2h ,s<»() 44 22 f)

85 and 86 45 44 5 (),SI 47 21 3

Ral> So-83 (rrew ihroiijjhout the ex;H-rinienl, while H;^.(, were .-tunted

the firsi twi'nty-eight days and ^;rew rapidly the remaining eleven.

43 an<l 46 ii> 4jrm. 44 H22 5r> l« ,s

47 28 72 i4,v=; 4'> .5 20

4' 20 <>•» 1214 SO 7 '7 7

43 and 44 22 5 •S.S 5 io.)4 50 (> 21 6

4<) and 51) 45 lOi 41 03 3'> 25 7

,SI and 52 4.V5 i.s4 3 4"J,S ,^7
.' 27

53 an.l 54 42 '»4 ,S ^252 21) .U
55 and .s() 5'> '».> ,s .vvU 2X Mi

4,v() grew 40 days whik- 47 reached it- maximum on the 40th dav.

41 grew tnr 04 da\s and 43-4 for 4s d.iys. 4i>-,s<) reached their maximum
weight on the Soth day.



Tn! Ri I \TioN or Vrr\MiM> 23.^

dc.iil.U- tlK'ir i«ilial w.i;.l,t. Rat. S5 and S(, w.>v Mnntr.l th.- tuM Js

(las . ami uri-w the last 1 1 .la>>. during whidi tinu- lluy aU..nH-.i ,. fi^un-

(lo.il.lr tlifir initial wri^;ht. Til.' ,.rin(ii.al iValnr.' ..f tl.i- mtu- .> lli--

fart that th.- ultimate o.M -.1 Rnmth wa^ ...i.tuuMl t.. n,.rr..w limit>

fvrn wlun thf animaU had Ikth st.int.-.! during th.- .arlir, lu-ri...! ..t th.-

fXlH-riiniiit .

The -on.iul cla^ in.Ui.k> r..t^ wlii.li w.n- uiiil.r^;..m:^ .AiHiinunl-. ..I

luni-i-r durati.-n than iht- al...v.- s.ri.-. ..r wh.n- th,- <li.t iiltin,al.-K -ii^-

pKiN- an ina(U-.|ua. V. In tin- .,.>,• ..t all tlu- animal- nf ihw -.
.

,,n.l
.
'a-.

tht-'rv>ult, arc- ral.ulati-d In.m tlu- data ri-,..r<K.l dur.n.; thr i..-n...l n;

whiih tin- subji-rt rt-arhi-<l it- maximum tin.wlh an.l d.. n..l imlu.U' ih.-

final in-ri...l wiu-n the- lurvr wa> alm.-M flat an.l th, «ain f-.r thf ihtumI

^-as ,M.lv a few i;ramnu-.. Rat> 41-7 «.r.- I..1 ..n <liil- Nvhuh tmaliv

proved inade(|uate >.. that tlu- animal- ultimatrlv .lu-.l 1
h.-e ammal-

ri-s«-mhK- tho>t- of tlu- first ( la>> in tluir m.talH.lu eo.n..nu. I hv re-

maining memU-rs (rats 4<)-5<'> v;rew l..r a l..n^;,-r peri.Kl an.l termmate.l

their maximum rate of nr«'Wth al.out the S.th .lav. 1
hoe animal-

utilized the energv le» etfieiently. the ...-t of new ti-u,- U n.s; ,V>-ioo

more than that oL-erved in all |.revious ea-e>. Thi> may U' a.v.-nnt. .1

for in part l.v the faet that thi- experini.nt wa- earru-.i out durum the

winter month- an.l the animal- wer.- kept in nutal . av;e- with.-ut any

l,ed<ling. The room .emin-ratur.' often fell to a l.-w l.v.l an.l >..me ..t

theenerKV un.loul.te.llv w.nt I.. I.alan.e the heal l.-t thn.UKh ra.hat|..n.

The energy intake per i.k. ^;r>i>-. live w-iwht of rat (laMe i(...f. li-i-

4-6) vields intereNtinK inf..rmati..n. In ihe-e sl,..rt t.-rm ex,K-n-

ments'lhe eiu-rnv intake is appr.-ximat.lv tlu- sam.-. with Minht varia-

tions whether the animals are ^n-winK ..r deeliniiiK in weight. In the

rase ..f rat> 2S-U and H..-W, the intake
''

r the H-12 day pnod ran>;e.l

from V»-4r> . ->l<>rif> Iht 1(>o urn's, live weight. Rat- 25. i''- .^' •'"'

Y
were kept on aree>sorv-free .liet- thr..UKh..ut and eventually died.

Purinv' the 24-28th .lav interval they were deel-niny; hut nevertlul.--

the enersv .•onsumi)ti..n remain.-<l at the -ame level. Rats 27-2S an.l

2c,-,v. were o.n-umin« ina.le.iuate .liet- a.ul .le.liuinn .lurin.: th- early

™>ri..d ..f the experiment. On the 20th an.l 24th .lav, le-p.-. l.velv.

thev W.T.- siven IocmI mixtures suftieieiit lor all re<|uir.-nur.i- a.ul the

deeli.u- was imme.liately e..nverled into a rapi.l «rowth in. rement I his

was aeeompanied l.v a ..-orresiv.n.linK en.r^y intake, an inena-t- ..f 7.S
,

for rats ^--H atul too' ,' in the ea-e ..f 2.» an.l ,V>. '-vr that ..t the ..irly

perio.l ..t tlu- experinuni In th.-e ea-e- there wa- a .
.,mpen-at...-v

imrem.nt t.. the growth rate, sin.e the-- aninul. re.,eh.-.l ,.ppr..x.tnat.-ly

the sanu- Wright in th." ! 1^! 20-24 .lav- a- th.it attai.u-.l l.v animal- wh..

were «r..wins ihn.URhout tlu- wh<.le (.xi.erimental |.eno.l. In th.- tin.il
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part of the (xptrimint, whin tin- animals had aiioniniodattil theni-

vilvj-s to thf .i<lt(|iiatf (lift and h.id RKaintd their normal condition, the

inl.ikf had fallen to normal U'vtls. The Mrits Ko-Sf) inmsted from .^Q

to 4f) caloriis per 1(H) ^rms. live weight during the H-I2th day jhtioiI.

The intake in rals Ho-Ht, fell slightly during 24-2.Sth day.

Cm.orii ir

K,as.

25 and 26

.^l and 7,2

27 and 2«

2<) and ,V)

33 .""'I 34

«o and Hi

H2 and S},

X4 an<l «5

r \B1.K !(..

Intakk pkr too (iRM.

r. ricl I'l ricul

^ ijth -M--'''lli

l>av. D.A

,V) 5 «ids. 35 ••al'^-

32 .V 4

41 ^>5

3«) t> 81 5

4() 51 1

4<i 3" *>

4<. 2 3>< 3

30 4 40 S

F.ivi: \ViK.HT OF Rat.

I'l tkmI

44-4Mh

D.iv

Dead

Head

4f' .S

41 .S

32 2

.^8.2 (36-gth day)

Rl!S. i.nh 4MI1 •4th IcKllh i.:()ili I4(iih i.Soih

h.ix D.is

31 3

|).IV

21 7

Day. D.iv Day.

'<» 5

Day.

4(> an<l .S" 57 21 26 19 3

51 and 52 43 2 .S<> 2K 3 22 3 -\S X 2' 3 Ih 4

53 and 54 51 5 3H.H 3H 5 31 ') 2(. 7 31 .0

55 and 5'« 5' 5 37 5 31 «' 27.7 31 « 22 8

The energ\ consumption ot anim.ils in experiments fil long duration

follows ,1 differi lit ( oursc'. The calorific re(iuiremi iits display .1 tendiiicy

to shrink with the inert. ising dnr.ition of the ex]Mrimint. The re(juire-

ments in the early period were norni.il, as c(.ni()arcd with thi- other

.inimals inchnled in the tahle. hut -te.idily diniinishetl so that at the

« nd of the espcrinn iil.il perieil llic\ were ingesting from a halt to a

third of the origin. d caioritii- intake per KH) grnis. li\e weight. In spite

of the diminishing int. ike the .inimal- gn w r.ijiidly iiiiiil the JSoth day

when the r.ile -lowed dnwn .ind rouiied in mily a sm.ill g.iin in weight

lor the h.d.ince (>f the e\|)erin)ent. Hiiring the latter ji.irf of the ex-

p«riment rats 51 and 52 consumeil only 10.4 calories per 100 grm. live

weight yet maintained weight an<l health '150th il.i\). The energy

r«(iuiremeiit< diiritig the period prior to the 40111 d,iy were .ihout to',',

higher th.in usu.d, p.trtK on .iccoinit of the fact th.it these anim.ds were

put on the did-, during the month I't lehrnary, and fiail to li.daiice a

loss ot Ixidy lit, It through r.itli.ition a- the tt nipt r.iture lell se\eral

ocrasiont; low enough to tause discomfort.
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These figures arc in atronlanee with the findings of Hopkins (I')12).

The en<Tgy requirements of his animals ranged Inlween 40 and <)0

calories jht 100 grms. live weight. These experiments were 1 arried out

on young animals and were of short duration 20 to 50 d.iv-^. In one

series, Protocol VH., the duration was (h) d.iys, liut in this rase the

energy intake gradually declined as time wtnl on.

These calculations illustrate a much-discus.-ed feature of all these

growth ex(xriments. Investigators have always noticed that tlie

apjKiite corresfxinded very closely to the increment or decline in growth.

It Incomes a <iuestion whether the appetite is directly .ifTtcttd as th<'

result of the presence or absence of the growth accessories, or by meta-

bolic conditions consetiiient therefrom. Kxamination of the Tables 1-.^

shows that alxnit ys'^'i <>f the energy intake is assimilated from the

intestine in every case-, whether the animal is growing or dedinmg.

Therefore it cannot In." a <iuestion of the action of the growth-promoting

factor in this respect. Hopkins also finds that «m>''; <'f the en< rgy intake

is assimilated in all « a^es. The writer concludes th.it the function of the

accessory s-rowth factor is .onnected with the tissue metabolism, stimu-

lating the formation of new tissue and creating a demand for increasing

intake which reflects itself on the aii(). ti.". In the ca^-e of r.its who were

dedining and ultiin.itely die<l (25, 2h, 7,1 and t,2), the intake wa- 27-.VS

< alories per kk) grms. liv<' weight. This was amply snlticieitt for growth

since rats 4i)-50 w. re still growing when the energy loiisuniptioii had

fallen as low as 21 and 22..^ calories jmt kk) grms. live weight. This

demonstrates conclusively that the decline in growth s.ts in U h.rc the

diminished consumption jxr unit weight Uconies noticeable. Win i> rats

.\rc removed fr<>m a deficient to an ade(iuate diet, .m imniediale response

is se<n in the form of an increased appetite. Hopkins ))oints out that

ttuv growth faciors may stimulate con>umption ,1- .111 in<linit rc-ult

of a direct effect on growth, while diminished consumplicn may be seen

to follow rather than to prece<le the dedin.' in weight, .iii-l niu>t l.< the

effei t rather than the cause of the cessation of growth.

Hrummond ( i()lS) finds that the rate of growth \,irics\dih the en. rgy

intake, vcrifving the law th.it the .alorific re<|uircnuni> are directly

related to the amount of live ti-ue weight. Hi- ligiins -l.ow that rats

mav grow when the intaki l.iUs IkIow 2<) .vloric- per kh. grnis. live

wi-ghi. Rats grew at the u-^u.d rate when the (onsumption fell as low

a- 25 c.ilorie- and -low growth w.i- noie.l when the int. ike h.id tall< n to

II) calories per 100 grnT^. live wt ight.

The tendency for the energy intake jh r unit weight to de. line in

prolonged exf>»riment-, in addition to the rea-on preMou-ly aieulioiad,

may be in part accounted for by the finding- obtains! from the invest.ga-
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tioiis roKardiiiK tl"' iii>ruv r>()iiir.mnit- cf human lK-ini;s. It is known

that l.<n>. |.ri..i to th.- .i.ur "f pulKTty h.ive a l.asal nietalM)lism 20";,

liiKh.r than that of a.liilt^. This p<ri.Hl < ()rrfs|W)n(ls to the first 60 day'

in the lilV of th.- r,il, and ' Mmination of the lalnritir intakt- shows a

d.-din.' afli-r tlii> i«rio.l wlii( h k<H's on stvachlv as thi- animal ap[)roarhcs

tn.itnrity. 'I'hl- >><ni~ to indicate that tht- basal nu-taUihsm of rats may

follow a ronrst similar to that of human l.finK"-, hut no proof of thi>

assumption has Ihiii ^.ubmittcd as yet.

Ilusc oLxTxations ilhi-lrat.' the intimat.- n-lationship Ix-twi'tn the

rc(|uiivmfnls ot ^rowinK tissui- and thf iiistinitWc appt-titt- of the

animal. While it is not vet crrtain whether the apjH-tite regulates itself

l)v \ari itioii- in the i;row!h imjiuUe of the tissm'S. apparently the tissue

met.iix.li-m irealrs the demand for energy which is followid hv a re-

>pon>e in the appitite, when the tissues are making new additiims to

their ma^^.

SlMMAKV.

ID The butter fat, piuilied b\ the method of ()slx>rne and Mendel.

still KinlaiuN ir.M-es of nitrogenous comixumds.

(2» The urowth factor in the butter tat is unable, alone, to bring

about llir normal growth increment in younj; animals.

(^1 liiitter fat sl^ow^^ no nutritive superiority, compared to lard, m

feedinv; experiments of short duration, in prolonged exjH-riments there

is a slii;ht improvement a> compared with the results obtained with lard.

(4t Dried yiast prep.ir,iti.)ns (ontain sutlicient <|uantities of .iie

,icct"-sorv growth f.ictor to sustain growini; anim.ils for a short time.

lor prolonged feeding experiments, fresh whole yeast or autolysed yeast

li()Uor i> es>enti.il lor the maintenance of the norm.il growth rate.

(5) The growth-promoting l.i« lor cm be isol.ited from hydrolysed

yeasi b\ means of phos|>hotungstic at id. This metluKJ entails a partial

dinninr.ion in the .iclivitv of the growth accessory, it can also Ik-

remosed from .iiitoly.sed ye.i>l with Lloyd's re.igent, but l.irger quantities

tre neiess.iry th.in thosi- previou>l\ stated net ess.iry for the removal

of the .uUinenriiii vilamine, Ihe anessory growth factor is similar to.

and mo'-t prob.ibU identic.il lo the U-ri-U'ri vitamine.

(0) IVolonged ingestion of the .icti\.ited l,lo\d reagent causes an

iidiibilur\ etTecl of the growth of the animal, due to toxic pro(ierttes of

till iii,i~simll.dile s'lic.ite.

(7) I'he extr.K.'ion of the d.mmercial t.isein i)reiKirations with

bulling aic..h.*i to render ihnti .u cesM.r\ -free diH's not afTect the nutritive

projuriies of the protein itself, t'ommen ial (ireparations of caseins, egg

.dhnmrn .ind tibriii iie \ it.imine-lree.
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(S) Till- ^jrowlli cost ill li-rni> nf i'irii;y ri'iiiiiri'iiUMil-- (xt unit wcinlit

of nt'W tissuf, is tin- sanif for I'XiHTiiiifnts of short (liir.ition. ri'nardli'ss

of the rati- of growth. Tlu' t'licrgy rtMniircnu'iils ptT unit wcintit of live

tissue is the sarrn'. within ii.irrow limits, in anint.ils k<pt in the same

ex|)orimental comlitions whither tlie animals .ire v;rowini;. maintainin;;

or declining;, '("lie energy re(iuirenienl of \ounv; animals i> slightly

higher during the jieriotl prior to the deM-lopnient of the seeondary

sexual ihararteristits.

(o) The function of the growth accessory is not connected with

intestinal assimilation. It has an action at some |)oinl in the ti-^^ue

metalmlism, creating a train of events which are reflected upon the

apjH'tite, which res|)onds, as a conse(iuence, regulating the energy

requirements to the demind.
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