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IRTROGUCTION

sinee the isolation and orysisllizailon of vitanin Bys Uy Hlehes
&k ol (1948) ond by Smith (1948) ecxtensive studies dealing with thie
yvitonis have boon sade with husens and eertain cther anlmalsz, In
addition to preventing pernicious anemia in humens, vitamdio Byp hes
bosn found Lo prosole growlh of youn: chicks, noults, Tats, plps, degs
and bacterin. Therefors the importence of vitamin Byp in nrsctlesl
putrition har become well eztallished,

To study farther the role of vwitanin Dy, ws it perisine to poulley
nulyrition, the experiments reported herein were condueted to delersine
the inlerrelstionships of vitamin Bys and the blologlesnl neithylating
eoupounis, choline, botaine sn: msthionine. In addition, a study hss

been made of the role of vitanin &m in salne seld setebolisn,



RevIre OF LIT-RATURE
GUNPRAL
* dsowwery snd lsol tlon of Vitnmin Bynse

Several years before tha laclation of vitomin Bya, It waz recoge
rized that the inecluslon of animal vrotein supplements in rutions for
rovlizy and ocwlne provided an uninown growth pro-otlap substance not
supplied by feed tuffs of rlent orlgin., Thisz unknown fscbor waos studled
in wveris  lsbornioriez and wmo pives sueh mames np "faeteor x%, the "eow
manure fector', "aoopherin® and "sni=eld rrolelin fuetort,

Cary gh gl (1946) reported that rate requlred an unildentified growth
fortor shich they nanmed factor . orlier studlios widh elosely related,
if not Ldentieel, fsctors ha been coniucted by other lmvs tipniors
angaged in soultzry nutrition,

L esyly as 1927, Parkhurast rerorbed thei norunl hoteh Lilidy of
aren e ld net be obtained unless breading mtions contalned some probeln
of animal origine Jubeeruent stodics with souliry led te the costulation
of the "saimsl srotein feetort,

Thile the rtndies with rats and roultry were underway, snother approasch
to the ifdentification of thisg unidentified Tsector weo mede throush nleroe
biologiesl studies., Shorb (1947), in an stitemprt o £ind & micrporgenisn
thet would reculve the rat growth fector dezeribed by Cary gf ol (1946),

noted thot the orgsnisms, 1z dnctkis, Torner stroing recuired

Une of these was z heale=stable
factor foun' in highent comcentra:lion ip liver oxtracis reperted zcotive
for ret grovth. Shorb {(1947) showsd thet this Pactor wa:z rremend in the

refined livesr extroets in almost linesr relatlonshir- to the sotency of
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these sximmots for effecting cures ln pernicoizus ononlo, B
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paolod Lh faen v misht be the acilive »rinelple ernicicus

Shonin .

tlokon gk khe (1948) in thig country ond Onith gy pl, (19487 in
sogland sieultensoualy and lndependently Loolode  the blolosiloo il
aotive orcatelline mdorinl fron livar concentredss later foun? bBe be gline

lenlly motive in the teectment of permdcious anonis, Shorh (19243}, con-

Tlrmed the metivlidy of thiz nubo tontatively vamed vitanin Byz, o8

the feotor £ Terner strain, Veot (1943) also

dgmonstrate? Lte «Billty o atimulste blood rogenersitlon and to be off'oGm
tive In the trecivcent of the neurelogicel disturbence of mationts suflering

fron rernioiovs anonisn,

Propertives end Chendeal Compositlion of Vitenin Byne

Vitenmin Byp orysiallizes 4o the form of emell red needles, It

eonteling eobalt and choosphorus (Vndth, 19438 and Rickes gi pls 1942). The

aeleculnr wolpht by xeray oryotellography 1z 1950 to 1750,  ‘peclrogrovhie

ennlyels of vitemin Bys aproars to e o slx group eoilwlt coordination
complext, Vitenin Bys,, however, does not contein thls group. The red
color of vitamin Byn iz sprarently assecinted, ¢ lomct in part, with dits
coteltecomplex charaoter. Cobalt has been recognized as o nuiyitionsl
sssential in pmbminis In shich cobalt defieloney resulis 1o 2 fyplesl
snamie. t hes boen found, howsver, thet injectlon of vitemin Bya lows
not cure echalt defisf ngy in sheep. lHitrogen is alzo found to be present
but sulfur iz sbsent.  PBleroblologiczl eszsey hes shown that vitamin Bip in
aruoou. solution & stables by autecleving o4 12150 for 15 min. but it is

not stable upon stenling st reon temporsture or by eutecleving in Jilute
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Vitamin Iyp stirgnd Do the o dr vitanins of the vilanda

Dim grow sololy Ly the presence of & ¢yuno group, conplemetount to the

W

sobnlt abon (Feesie gh gly 1949) (Urink gh gls 1950). Turine <. ealdation

of vitamln Bys in dilude sulfuris neld 2t 00 wlth rotesslua perrengaaste

. 3
p b

wos chorgcteristic ode fa noted. Myirogen eyunide

chloris seld oy soucous ouelle

omslle voll solution (Trink 4§ sl 1950).
witouln B,

pure vitendn Yye, io

Trestasnt olth evanlie
1950; "aczke gL gd, 19903 Veer gf g2, 1950). iho extrose lmek of texloldy

Sleston Watl oyane

of vitamin By reported by binter and Uushetd {(1950)
g, tightly boun! within the coordipsilon zomplox. Tosc lovels of
1,600 mg per kgy both intrapsritoneslly and Inbrevencusly in mier prodused
ne seaths or texic manifestations,

by means of poper stelp ehromsiography when vilaaln Brp s sulooleved
wlth thismnliz scls, witamin Dys i trencfommed inlo o new conpoun which
ip slistinet from vwilddien Uyspe The vitawin Djg-thiconlin 0ls meaciien

rreduct Ly more polonit microbicloglcally thoan vitemin Byne
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Achtven et ol (1949) thel witrmin Oyn, (8

pimi fyeetion) has besn separsted [rom vitemin Byjp by silicie se

tograrhy wr hoor shown do heve JifPerent uvltreviolst sn ~isibloe

.t P 4 oo B e A b e P - o

siaorriion Vitamin Bygy 3o found o be equally
o e g N < sy 2 AR L - e E: P

vitumin Dyg for rate sio for hmsns suffering from 243 condon poralelous

PO — . " g A S 2 S - EX NRPRESp S N N
anomle £ e came aoblvity for the two eemrounds Jor tho e

Yoot

(“tokoned gi gl, 1950}, Vitenin Dysy is chemie
eslly loss otellds thas vitemln Dyae  On hyiroly=l  wilh Lpdreothlerle eld,
vitenin Dy viclis Sthedinethylbenzicinazoles, The faot thet riboflsvin
a2} vitemin Byp san thue be rvegnrded as lerived Prow » common chewleal
girocturey 1t 1l possible, thercfors, ibed riboflsvin iz invelved in the

formption of vitomin ?12 in nture, Thon eyenide iz sdded to witemin Iys

or vitanin E‘lzb g8 purple ecnmoounl ie af {ree hydrogon
cysnide. The terms Peyanccolalenin® end Phydroxy=cobxianin® hove been
propesed for vitemin Bya and ii&%?} reapsobively.

Vitamin Byp Is econverted to vitemin Byn by reductlcon with hy ropen
Lhe presonce of & plotinue catalyst (Tacske g al, 194%). Visanin Byoy
appeared tu heve less Lhan half of the biolecleal cetivity of vitanin Bys
for rats, cehicks, puralelicus apemia potients and for bascterie (fang and
Chow, 1950). This less of biolesierl sctiviiy cen be atiributed to the
redueling rowor of the agents, bub lg not negessarily relsted Lo tho dige
sprearunce of the lotasnzity of the red color,

Vitamin Byp 1o solubls in water, 807 acetons ~nd ir zlacial scetle
aecl i, btut lnsolubls tuery ehlorefors or non=rolar solventu, (Umith,

1942),



3. Fslationshlp of ?i‘bamiu B,, tv Other Substances

(relic &c&d, Thymine, yhitdine, Vitanin D,
Unidentified Factors sml ,nﬁibmﬁas} end :ta
Clinigcal Uses

Thyumine has been reported to sorve as s substitute for folie soid
in the mtrition of laetic sold bacterie (Stokes, 1944) und in the treate
ment of humen macrocytic enemia (Sples gi al, 1946). Thynidine, the
dexosyriboside of thymine (s pyrimidine sompound) iz a growth fector for
poms laotic scid basteriz and for Jagtobocillup Jackisgs Dorner strain,
Thyaidine is able to replase the requiresent for vitsain By, (Uplght gk als
1948), (Thymine, however, does nod replace vitamin Bya)e Because of the
large smounts of thymidine reguired to replecs vitemin Byg, the twe sre
not considered identisal. ¥right gt al, (1948) have interpreted the data
to indicate that vitamin By, aots as a coenmyme in the processes invelved
in the conwersion of thysine (prodused ss z result of catalytic setien
by folic scid)} to thymidine whieh is needed for the mamufssture of nuclele
acid for new cells, such as red blood cells and reticulpcytes. The repord
of Popper gk als (1949) slsc sugpested m poosible role of vitamin Bys in
the synthesis of ribomucleic acid in the liver of the rat, M the other
hand, Shive g% al,(1948) pointed out, conversely, that thymidine may be
involved in the symthesis of vitamin Byae Wright gb gls (1948) postulated
further that the prisary biochemicrl defect in pernicicus anemis mey well
be the inability to synthesice certain nucleosides, partisularly, thyxidine,
from parent purines or pyrimidines, Stokes (1944), therefore, sttributes
the curative effects of folic acid in some cases of permiclous anemis to
inerease thymine symthesls, as confirmed by the elindoal effectivensea of
thysine us s subotitute for folic seld thevepy (Spice g4 al, 1946). The
ineroased thymine resulting eithor from synthesis (due to folic esecid) or
from sotusl therspeutic sdwinistretion, in turn is then bolieved to yield
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nore of U sgentie? thi-idine. Hynoxoriblpe Stael il
.

riborides en” urnlne degoxpribos! fe S - le to

rericrce vitemin Byn 2o o growth foctor for verdous hmeterin (Kitey gk als

1949 e’ Hoff-Jorrenven, 1949). £33 fortker intorrelastions  wone vilesin

Byn, thymine, thomidine, uvrpine folic ced ors ncusmed nlve gb oads
(1545),  Ther confirm the rootulate? role of viteniwn Bys in tho blemmthesis
2 thymine »nd thmidtine, Therofore, an "~ the reloticon -7 thoze foctors

Geoelous snpenie, folic meil’ -~ bhrovrht ints direet intornle;

thz anomls, The bey eomroun® 1 ~ooarently thyed ine, Folie

roarible inoressed thymins aynthesisz, Inerense thymine mrkes

Py

pos-ible rn inevense In the synthesis of thmiiine., This lstiecr pynthesis
further sided b the eatelytie rotion of vitamin By, with the gresily

inerensed syntheslc of thymidine, basic meterial iz svallabls for meking

d

macleic sel o to be urod dn the mamufeoctore of new nells bo overeome th
shoriase chamoteristic of snenls,

hen folfs andd - clvon da » tinnt

-

oaufPowine fron sorntsicns anemis

waw Armrgyenent of sone of the bloe’ ~ieturs cgeurre? vt the nouralgie

s

Alacnng not eured unlesr liyor ewtroct waz viminisotersl,  The banal
deficlionay, thorefors, wae= thet of sowe other matoriel fount in the liver
extract, lovevar, Wichel gi al, (1949) obtuins? the resuld thet liver
sxtrmel alone 318 not Influence the rats of hesorlebin formition.  The
conblnetion of L v.r extrect =nd folic neld omused o more rarid Pogensrae
tion of hemoglobin then tyestrent with folic cel nlone. Pure vitamin Byn
conpletely replaced liver extreel in ztimel-ting the formetion of homoe
rlobin in the mronence o follio seid, Thus 16 syrears that the eomronant
9 Liver extract causing the obimadl-tion of homoplobin regencsretion in the
presence of felic nel  is vitemin Bise This rosulit Indiceles that vitenin

fyn dosu nob hawe optlmum ccilvity unless folic seld iz rresent in adequate



anounbs, Thorefore, beth felic sell

oyt Leha folqgin

S bsond

vitonin {‘m how

vossible

piebin levels of ehicks, buv ¢ slichtly hid henmoglobln level

will ¢ conbopstoon of vitenmin Bya and foluein, et (19408) noted thnt Lve

Joctlon of witnmin By ineressed retisuloeyies,red bloo: cells

fte

Zlovin of humans, Singe the Indtlal repord by cest (1W4d) Thers has been

panle svidenoe (Bethell gf al, 19423 Fnll and Unopbell, 1948) showing that

ledons ane s civerally

inpfiotive moubin,  urelly

offpetive whon

(Herk gb ady 19433 H21d gd

(om ‘t&.ﬁ ! @ itaﬂm

g ¥ P o 3 T S i g Ly
oy eloselr roladted oulmtances. ILalor

Poyer gk ad. (1950) shew

=wine luadonsl wmucos: an vitemin are olMfective in porndclous

L3

» 5 L oy g e R W S N | gkl ¥ ol A *, oy g T L.;\ P
snende.  They coosddered thatl Lhelr ectivity 2ihb be due to s contdmtlon

of witemin By and the intrimde foctor, nm

rodnte

viienced ihotl vitoemin Dyn o

& closely Loy oconstlbude the affeotive

cause 1t haz sloo boen

oral o nlztrebion

n Hyp b cesos of porniclovs

A%

S I P U v s
menulbe in oan oxeellent

TN 4 A
ane le An e

* g gn s N A Tete L A o E . 4 e EY
Coztle ani Hom {3979) intermrots  thess rooulte on cbulic.

tanee in

e exlsloesge of an intrinele facltor, ¢ oauld
normel ceotrle Julce, and the exirinsie factor, = substance -rovided Ly

cortein foods. Thus, poitiends sulferin: fren a deilelan

Julee, {and henee lpcl of intrinsic Pretor) fril to



factor of fools nnd Jdovelo anonlin,

¢

T the isolaetlion of rure vitomin By, Bert g% al, (1948) were sble

[N

esonstrabe ol onieslly & admiler fnoresre in sobtlvity of the nure vitandn
when  ministered wit norsel human paotric juices  They su-peal, thereforo,
that the feod (extrinsic factor) mey e identical with vitanmin Bygs  Ture
thoer, 1L ie sugroated that the function of the intrinsic facter (in gsstrie
julce) iz nscesscry for the cowplote sbaorpdlon of vitamin Byme  Berk ok zds
{19423) reported largs feesl losses of vitanin Big in petlents with untreated
sorniciovs anenis, This would seser to conlirm the hypothesis thet normaml
seotrice juice o g the sbhsorpbion of he viiasnin or 'rotocte 1t fron dew
strucbion in the yroer gastrointe tincl tract,

Purthernore, berk g4 gl, (1948) =n? Ungle: in 'ngland (unpublished)
toddiested suscessful response of neurelosilrsl gsyapbons to therapy with
rarified vitealn By, whieh wac found to be necessary for normel function
of norvous - especlally centrul nervous - cells,

she dietary rejulrement for vitamin Dyp is also influsneed by othier
vitemine. High levels of calel.m pantothennte -nd vyridexine fed Lo the
ohicks {(Bird mnd Pubin, 1948) snd high lovels of ribeflavin fed to rate
in the presence of sulfusuxidine (Hortman g gl, 1749) seened to rpartially
spere vitanln ELE‘ ,,,,, xtra vitenin Bysp to o low vitemin  dlet increased
tha srovbh -nd the rersentage of bone ssh (Chord and Gein, 1949). It
was Purther nobed thot tonlelty frov o hizgh level of folic celd whon fed
wlth vitoemin U wns elimineted by increasin the levsl of vitemin 7 or
vitanin Dyae This sorves to Jomonciraie s vosslible relestlionshiy nmong
these vitanina. Vitanln Bl also seems to fumetion vr sparar of certaln
unidentified Psotors. Peeler (1%51) demonstrated thet when 4 to &% dried

¥

whey wue sdded to the soybean camael died, » cperine effect of vitenin Dyg
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existed, Tils could cossibly emonstrate ¢ delinlte relsticonsh!n bLetwoen

vitemin Byp nnd the unidentifled fmctors. ODombs gf gl, (1250) have proe

o
%

iy
&
'
5]
e d
i
o

ponbed lnts deuenstroling ihe presence growih stlmlating
Faotors In fractions obtelined from roflpod liver po te dlslyoste. Two of

sandd to be Jifferent forms of vilsmln Dys o The other two Jasetors remained

these factors were shoen by zleoroblologicsl sessy with

unidentific: bubt were considered to be an lategrsl port of the APF ¢ By
It was found thet 1F an adequste smoun. of vilamin By, was nol in-

sluded in the dlet, antiblollics spared the level of vitamin Bys for the

ashick and mb Yy crseiing Tavorabls eonditions for s high rete of lolcatinel

synthesis (Omith and Robinson, 19453 Clsson gk gl, 1950 and ‘tokstad and

Julkss, 1951) and alse for metefed s rurifisd syntheli- diet {(Cravicto-

anes gk als 1951} They suggested $hat with = purdfied diet the satibletie

e

iz sble to favor thosze bacterls whieh ecan gpathevlre witemin Dyg required
Vitamin Byq i3 fal soluble subslomee elosrl. Jiffersnd Tron vitaain
Byp {Hovak ond Hange, 1248), Viitamin Dy, while spperently cloasly rolated
to both felic sedd end vitumin Bys in function, iz also en entirely separate
entity (Norris end ¥ajmarieh, 1949). It i exirowely setive in cell proe
Iiferstion in bone ssrrow guliures sznd was oflfective ln curing oxperinele

Lally induced snenls of rats,

be Orowlhe~Promoting LfIved fse Vitanin Byp and Ila
ldentificstion with Cow Menure Factor, Animel
Protein Pnotor snd ?&QME‘ ta

Several proups of workers (Harmond, 19423 "hiteon gk gl, 19453
Rubln ond BAnd, 19463 Bird gi pl, 1948) found that cow mopure improved

the growth of ohlcks and turkey roulits when sdded to plent protein base)
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tho rrosth of chisks regeliving s corn soybsan oll moal basal dlot,
and Carver (1947) fo.mi thei the laclusion of 4400 of fish zenl in the
mebornel diet wac sulfflicicnt to zroteet chioks frenm deficlancy of growbh
fuetor, later shosn %o be vitemin Bypy during the flret four weosks Tollowe
Zm batohing. It iz esmomed thet the growth facters of cow asnura, hon
sir el ope Plentlenl becouse of thr efiullarity in orowth
rosponse vhon theoe Ingredients are added to the shiel dlet. LU wau also
noted by MeGianie g al, (1949) thedl vhen the poultry manure was Qoo

snt retion for chieks the fermented manure save  dolinite

?_,,J
[
{.Z;
N
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growtl responto wisroas the Jlropo.g Lonl wore smlBtalined Uy 05 Gl
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£ition ghovo vencfielol effeete  Thus preof Whr U vitemln Dy, wal pr
e

-
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by many groups of workers (Nichol gi al, 19473

and Torver, 19473 Comba Lk JJs 19481 Tobblee g ols 1748; toksbtad gl gls

19493 Srehons gh by 1U4%3 merson L% gls 1949) that Liver exlzast and
fial menl vroncte chick growth rnd  rovent wordslity. Leter 1t has been
showr. that belline vitamin Dyo ewn roplage sll or genrly all of ithe

animtl srotein factor (06 gi als 19455 111lde gb gl, 17485 Nichel gi gls

1949; “merson gh gls 1947 an? tokotad gk al, 1949) an! the soncentrate
= sedl precipitete of cor arure factor (L4211s gi gl, 1248) for growth
¢ ghickrs Ot {19} W cporbed furthor thet Leclebed chisks undoyr

hi s conditions vequlred o least 27 adovesran: of vitanln Bip per kilogren
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zexes on s} retions. The mefzht :timulating effect of vitamin 3j3 wes
nore marked, however, in females fod high corbeNyizate Jiste lhen in 1ittedw
mate sirters on diete of like proteln Goatent bui with the caloriss proe
vided by fat or o mizmture of ot and earbohpdrute. It also apjwared thad
vhen the calories wers derived orimarily irom carbolydrute, vitauin Byn
exerted 2 grestor effoct on growth In young feielc rats than la litlermmte
males. They suggested that vitenlin Byp ds lovoelved In the coavepsien of
eorbohydrate inte fat, Sinee females Jn gemers) heave a higher percentage
of fat in propertion to total bedy weight than do malec it zight beo
expooted that grester weight gring would resuli iz fenelos than in mcles
upor the sdminiatration of any subniamce concorned with the ¢onversion of
carbohydrate inte fab.

Severn] aisroorgenlisss nlso have been reported to reculms antipernipe
ious anemis (APL) lver concentretes for growth. It wes found lasbter sbet
vitanin B35 ecudd replage ATA as a growdlh festor for LLU (Shorb, 1947) fer

nglene cxacilie, (Butner g pl, 1947) =nd for Jacie

shoadd (Skegee gt al, 19423 Heffwmangt al, 1948),

Therelore, vitasin Bia appears to o mozé lsportont as » componext
of the "eow mapuve factor®, "fuotor s and the “animal protein factor”
pupplenents which fe responsible for thelr sotivity.
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Amethylethanolanine 'n verlocing (lebury choelino,

slase 2. Cubstzooes vhich may ssoume or diminlsh eeriain, Dut not sll,

& %

woelis & 'y v et s :
(SR o5 nobh relrte o Proviped

Punciticons of a

rrubriasnd on 2 prgoursor or commlato subsbitute.  Sxosplios ol cinss
F ? 3

% for thiaming (b}

ares {a) the offect of Dot o mdusing the recwiremen
1

fomaz on vibands

v effect of ealdeliun sn. ph

L - -3
ti;‘{)”' 3‘35;&.;.

olags 2, the "speriny substance i sble gither fo (1) pertially reduee the
noed for, or (o} previic some, bub sed sll, of the Lioleoricsl functilone of

the fgpared? compounia®, It iv tho gharscboristie of thess oxamples, in

contrest i those of elass 1, thit the replacenent 4

4 i X - e T g g e oy T Fuam v v T . oy e . 3 o ~
sffectlve ac the intake of Lhe srered gonpoun. Jdeeressor, ot often becopes

gharply linited. In olher wormls, 2 clignifiosnl wentidy of the spered cobe

&

poun’ muot he present in order the L sparing seblon oo ovident,

in the roty eholine ¢an e gynthosised fron bebteldns or methionine,

-
3
A&

Bels Yhe Dnown oyaptoms of choline deficisngy mey be relleved by using

uTTicient of thrze ttutes (du Vignesw! g zl, 19393 oriffith, 19413

vt gh Bls (1951) that

tetben, 1941)s lthoush it wan vesorbed by o

the selhyl srouvp fro methionine enn e uoed for the zynthezic of choline
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groups. Therefore, roplacesbls ¢holine can he reploced by bobtaine op
mathionine an! sssontial shoeline eannot, It was slso shown by Yelinnis
2% als (31944) that  ohiek Jist shieh 5 only milily doficlent in choline

snd ppreoxizstely sdequate in cethionine and eyeotine mny be Isprovsd for

grorth oo perests srevarticon by the additien of botalpe or mothionline,
In sueh o diet the effect of methionine en’ botaline edditions moy Lo oxe
pleined by azswning that bell suprlesents sssisted the eheoline in o
mothylating ceapsclty, therely, summenting the cupnly of aheline svailable
for srovth snl perosls prevention,

Ttudierz have shown thot an Interrelstionsh’ oxizis between the
nathyletine mrontn {wethionine, choline on’ betaine) and the "anizal
protein factor® (oventuslly 1lentified as vitamin Pin)e Long iufore the
gxistence of the endmel -rotein foolter warn conclusively sstablished, mamy
irventimdors 'n woultry muteritlion bsd male the obserwation thnt methionine
iz affective in loprovizg the mutritdve values of bobh raw and hested soye
basn wenle, Thisz was the Dirst ilm ths chaln of events whicl oventually
wers Yo limk the asimel proteis factor to the rhenomenon of transrsthyloe
tion. Pird gt gl (1947) showed that the atdition of mothionin: to o
high soybean dlel nreduced as gosd growibh in ehicks ss 311 the animal
protedn facten providied, however, thet thiz Zsctor had been »resent in
the diet ef the nmethor hens. Yethionine was less offeciive vhen fed o

chieks Trom heons whose diets hal been deficlient in the anizsl »refein

511Lis and Norris (1949) showsd that cerinin tymer of prectical chick
retions are simificsntly imoroved br the addition of betaine or choline,.
Howowar, when bazal dietl scontalined A7P concentrsis no furthor mesponse
wos obtained by addines tolalins or eholine, I6 was ovldenset thet the APP

goncentrale sworts? a sparing sotlon on the ghicks resuiremant for labile
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2% loset ane sotabolic Tneddon of APF le

methyl rro.p

Tater the zrowe workere (1051) obtuained

opnoernsd with

evidenge thut the effect of 407 concentrete nrevicusly foun. to reducs

1%

.
1%

the rogulrement for smethylating commounls by the ghiek I Jdue to its
vitesin @13 content, Ther sugrestcd that oithor dronowethol-tden £
more effielent In th rrosence of an odequate spmound of AT or Lhat

sriinl deficlengy of L7F oreates or siimuleto: metaiollc rrocesses
which require exces: nothyl sroups.

Immedistely following b repord by Gillie and Serrls, thelr Clnde

wors conflirmed by independent work conducted Wy Schaefer g% al,

{1943} In view of the relationahlr Setwmeen methionine snd oholing,
ehaelor gk gds (1949) demonstrted the spering effest of vitamin By, on
the distary choline {Inbile mothyl) requiremont of =tz an! ohlcks. They

gy” in rats ool rromote orowth in

were oble to provent "hemorvhasle
icks wilt: subopbinmel asmounts of ehollns ap? smethlonine rrovided vilanin
Hpp was slded Lo the dlety lub Ve midition of vitamin Bys to an adecunbe
level of chollse 445 net produeo =n lnersese in veleht onin, “checfer

ah 8l, (1949) slso foun th % chicks &~ methlion'ne bowwayetine

+« Theseo

or hoaoeyetine plus sine only in the presenco of vitamin B

1z

oy

irdloge eolenlich the sxistence of =p inloerrolationzhip hetween vitealn
Pyp end chelin: or methionine an? that the mtritionsl roquirensnts for
choline cini vitemin Th, are inderrelsted, Ochmefor gy gl, (1950) slso

reportod thet when vltomrin Bys mus lneluded in the basal dlst the lovel
renter ln the choonce of oilded Polle

of choline roou rod for erowth nas o

Lo 1Y% prosonsc. almiler £intine wazr oblelins! reconbly by

[ " A gy e 5w i
2 choling requlr-oment of

Sekotes {1751) whoe

the b S orowdl wan crenter ln the shoenees of vitemin e,



with the ssmples of soyhesn o) msel stullsd




Jukes {(1940) hoe shown by el eholine=toficliont dlet Lo ohicks, that

¥ T JR—— L - b B B % N T e LR 2 S . LT
nerrwnl srowdd canno’ be attalned Y thed veresis wilD result even in the

presenae of adequate sethi nines Teter Jukes and “leson (1245) found

thet monomethyleooing thanel redueed The ireldence

effect on the grovih robe, while dimethylsmincsthancl
ani neressed ihe orowih rate. He aloo she Lre wms wlilhe
cut any offect vhop added to this Jiet, thus showlng the . mothylstion

2

ol mponow ond e notliylan nocthene! =izht
5 Tt

snolanine,
HeGinnls gt als (1947) reported that heteins wes effeciive in preventing

perosie and rrovobine srowth in chioks fad o sinnlifisd diet sonteining

rurifisd casein., Hovever, Jukes snd “eleh (1947) foun! thal betaine hod
sroertl vronotinge effect on ehick: fod ourdfis2 dlet, nt sy =i thout

effeet in venblins perosis. Almguist and Geeo {1943) unlw murifioad

"

diet contaelinin- iscloato. zovhasn orotoin, Ingdoad of eazein en’ gelailn
b t 4 ]

fount that Delsine wnd sethlionine were sz offactive sn chelline in poow
moting growth. In later sork, ‘lmaguist and Grec {1044), =itk o aomezhat
ifferent basal Jdlst, oblained » srovihenromolin offeet fron “otalbe

only when combine? with eyntine or homouyrdine. This effect, howower,

B

won nel oque that oblalingd with eholime, The resulis of Yelimnls

ab aly (1944), whoexdained thin diserepancy, foun't that beiaine and

mabhionine were offective in oreventings porosic amd promobing ~rowth

.

in ehicks when sdde! to o sinlified Jiet ot imeffectlive shen odded

Y5

to purified dlet of higher methionine conteni. In contrazi, eholine

»

provented rerosisz and promoted growth on beth Aleta.  (he resulis ine

dieate thetl cholinme ir re ulred for the prevention of memenl =&

orth ono Shet betaine and methliopine whae added €0 the sizplilies Alob

ennblad the ohicel to synthoolse cheline, hen eanseln in the purlfied diet

= replaced wlth on lselated soy ean protein «ith rerultsart reduetion in
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mebllonine contont, bolaine rnd sethionlne Cfalled to prevent pevosis but
provobed some growbthe The growth response ebleined wilh bhetnine sno
methionine in thl  nstence 1. bellieved to Lo due to n deliclengy of
mebhyl groups only. Choline wes soe.n offective for bLoth yurposes.

Jukes {1940) first preveated perosis ‘n turkey poults by sdding 3%
of choline teo the diets. Later Jukes (1940} found thet 1% of sdiled
choline wus sufficient for growth, bul wss insufficient for the prevention
of rerosic. Addition of 005 of chol ne Lo the basel diel prolected the
poulés against porosis. However, .wvens gi gl, (1943) reported thet porosis
of turkery poults =as not completely nrevented by adding sufflelent choline
to ralce the level Lo 2% im ithe diet, Therefore, mnother fnclor or nectors
appaars Lo be neogessary for the prevention of peresis in the poult,

sect {1932 and 1934) mede the obsorvntion thoet cholime prevented an
pegusulotion of exegssive acounty of fat in the livers of rats. Irelismine
ary investipations with other spoeies indleated thed nlce resromiod almie
larly, btut inconclusive resulis were obllalned wlith ohlckens znl Jdogs.
Lbbott and lelMester (1940) obteined limited datn which iniiented that choline
suprlemenis to ¢ seslpurified dist lowered the llverefabtty pelds in pullebs.
Heested gh al, (1941) confirmed, with chicks, the earlier observotion mde
by Jukes (1940) with turkeys, thet choline wnz essendtial fer the prevention
of perosis and the promoticn of growth. Thoay were, however, unsile to
denonstrate any lipotropie metion of choline.

Seme Cenudinn workers, Fernand and Demers (194%) heve reported that
choline he: o lipolreric fumetlon in the nuiridlon of dueklings in addition

to belng required for growth ani for prevention of perosis. They further

roporbed thel neither nmethionine nor beteine could completely replace eholiline

in it lipotwoolie nctiony, in view of the wnet amount of worh slresiy Jdone
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on the effect of choline, belalne snl methionine oo oo

T orrevantlion wrosis, practlieslly ne repurtod

N N Tt
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T
I

a oruds liver axtract axordad

wos reporbod by Uell an Predd {(1548) thoet oo additien to cholins,

. . B F g s £ . o e JIE R 8
obrople effact In raltz w 21 llelary

2 E

indused liver Injurye. The effect of livor extrsct was pot due to sllnulaom

"

tion of the appelite »ilh  resulisnd lnerecsce In protelsn onlaksj  nor dl
the lineirs.:lc offeglt zeen Lo e related Lo the cheline zorniend ol the
liver extrsct. It was further foun! by “rill ono cCormic {194%) that

o conceniralo of vitamin Dys exerted a marsed lipotrepic oflecl whon

rivg o highefotehigheorotein Jdiet, Thiz lipobrondc

ef"eot was not due Lo the amell smount of choline pregsent in the conoohe

trate. Gyorzy an’ Dose {1950) reported thuat vitamin B (0.5 ulerogran
izl 12 )

daily by mouth) hes shoen signifesnt lipoirenic cotivity .o oamis Ped a
owwprobolie-lovelat retlon.  Under the czporimentel conditions chozen,

methionine woo mere offective thon vitamin Eyn in prevent.ng Iut clepo: ition

i the liver. Loweproloin=bdghm{at 2iot lnterforsd wilh the lipotreplc

ei'fect of vitamlin Uys whorons n lov protein wnd low st Jdict, or, an in
the experiments of "rill ond Betormick (1947), © modernicly hi dwprobolie
Nighwlat oliedy will nol interfere =ith ihe lipotropic reactlon Tollowing
the comindstr wlon of vilasin Uyae 3% how  lsc been reported theo eheline
orevenbed hemorrhegic dizosso of the kidnoys of the rat,

dot enly in chichy, Mt alse inmis ant other enimcls, choline, methiow
nine, belaine an! related cozpounds mey fumnish Lebile zethyl sroops whigh
are neoded Tor sroesth. XU was flrst rostoloted by Ju Vigneeo gh ade (1939)

Phrt the 1o0dle methyl roup of eholine might o tromsflerred Yo honooysitine

" I . B e £ S i w1 s B ¥ B o e oy . S s A,
to Form tho ofsentlac sxdns nel! netblonlino,. SO T AR SLOEDR LY



Shomond gt gk, (I3) o o dus to the ubillsction of the nethyl groups
of cholins Tor the bios nbhesil o gethionine from homoeystine. t ihis
tine, howswer, 1t wes noted by v Vignenu gl gle (1939 end 1940) that
for come unexplained reacon an coesaionsi snlmel wet uble to grow olosly
on the nothlenine-fres diat even 17 choline were nol suprliled. The oNe
plonntion of 4 dscrepeney could nol resilily Leconme sppovent until
nearly ten yesrg labe flor che igolotion of vitanin Dyne

Four years ={ter the first venert of du Vigneaud®s rroup, lurtho

finlings wern roported by Toenmdos gh al, (1943) at the lankonsn laboroe

oy}

tory. They foun: thet a lorpge number of thelir snlmale conrdotently grew
en « cbook ddlot eontaiming homooyoiline, i ne methionine or chollne,
Thi n marked gontract to Lhe findings of the Jrrmell zroup (du
Vipneow' g al, 1939) grosth of salzels on ¢ et low in nothyl poeups

or oven onblirely freo of Lhwn hed sleo been revorted on odoosion Ly

other invostimstores. Brond {(1938) had noted sose rrowbh of colmals on

S
.4

ontainins hemeoy:tin: supplomnted by oilh and yoost concentrotes.
Wlarly, hite and Beach (1937=1738) hal obtained groewth of animsls
#ith homoeyotine when the Jiel =az suprlemented with U viisming « liver
axbraet o o Dose and Pes (1939) using milk concentrato aouren of
witaming,

In & further stuly, Yedes g al, (1944} mede analyuin of rat tiscues
el were ohle to Jemenstrats the actuel synthesis of & swell smount of
the csgontinl anline seid methiondne, in rts on diel eontuinlyg honoe

gyatine nnd no diatary souree of Isbile methyl rroups. The syothesls of

1abile methyl proups, to  dogroe, was ¢ odemonstrated by du Vigneand

8% zd, (1945) thrours sbudies with iseolonicsally lobelled water,

Tennett (1947 an? 1950) conlirmed these fin inos showing thai when
geesth b leveloed on Lobiles;methylefroe 314 contelinine ~oecunie anounds

~" falic

itlon of vlinmin Tys rrosolod grovthe. Tt wes suorecied



thet witcmin Bya Pumetlons in the Diecaynthesic of mellyl crovpr.  Colne

eldent vith Demmeti¥e renort, cimilsy Tloo.nos ware wororbsd Uy fekol

sk gl (1950},

grow on & diet free of 211 the heown latlle methyl groun donors, 40 vite

founs thel mbte 30 ays ol o olier are oblo Lo

eoln e swl honoeystine or bhovocysieline ser: presombt. The test diet
A

wan gonclote with respect o 2ll cosentic! amin ool ¢ exoert veithicnine,

. e ey g B Ry A 3 . A e . . S S
runde sethionine (o the pols o contoining

g
b
zuh
ng
g
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TH

Parthery on o dlot cond
amins scld) but ne vitemin g , poor growth was o tained. Stlon of
vitawin o cove pood greowtb. 10 was sugresied $hnl vitamin Byp michi
funetion me v enzyme roleasin: methyl proups froo methylated ecnpounds

4,
¥

ghloh L pothyl groupr 1o not ormlinerdly leblile =nifor thet vwitanmin

ol

Bagy may Nunction ss partd of an engyme syoten lovolved 1o the synthasis
ef mothyl sro.pe in the body,

iy 90ems W b Alde

Popthor evlidenose for 5 mochonion of the fMest

dieated in rocont ctudies by .eheofer gi als (1050}

B I L it o ¥ LT T P o 3 . . s Y e 2 e ¥
tho «flectivoncss o methyl Jdoners suoh as neonomethyloninoct!

methionine anl eheling (trimethyl:oninoethanol) wsgs considerably nproved in

the proegeses of vitamin Dyp wibh respeet Lo the anounls requiped Loy nrovern
tion of moal dennge snd Pebly livers in mate and growth snd croventlion of
perozis in ehicks, Parther, on the bazdis of nethyl conteni, nonomethyle

pinoebhnpal 0 belesine are considerably lesz o cotive than ~inethyle

spipocthancel and ohioline in the preventlon of liver an! nidpner ‘dasorders

in the mi. Chen vitemin Dys was added, oll these eonpounis veeans osguive

alend %o choline on o methyl bosis, In these cluddies € eouly wppeor,
therelore, that vitsain Dyg might actl to ineresse the Iebllity of the
metiyl sroups in methylate. conpoun.s which are less effeci ve on o methyl

conbont lamol than choline,



u Vigneaud g gl, (1950) foun thet

ore gynbhesized

. N [ . . » - g Y o e e s Y L1 %
oy e perreefeae anloedo “he notmsboerila ey vh oemn il g¥Tme

thesived methyl e e sene exbent as 210 the peroefres

animplo. These studies establiched eocnelusiwvely thei asyathesis of nethyl

ceaurs J1d deke plage ant thet I eccurwved In the L nrther tofisg

by “eleh snd Sahaml (1950) oonPis thie mweeeibilies iwer slices
were incubtatoel Ia tho rrecones of old o Popm: he, hompeystoine, 2imothyrie
sminvethanol, follie rold — vitemin Hyne onetlivn wlendine 7 Yo
Live an choline chlordde . taolated from U ret Iiver sligop, Ihis

avidence from in vivo studies with perm=Crec anlasls sn’ in vitro sbaiice

& & . . B yn 2 it B TS Sk
on rat tinsuso, 2imalboneous Iintospondenily i the oBILIGY

of antnsl tissues to gynthosl e nethyl rroups,

“helol gfoza, (1950) studis? the syathesi  of mothyl rroun: using

wm g%
i AT W

ptalline vitemin **?12 in vleecas of the orsde liver exbracst and

aither hosoeystine or hawsoaystelns as the only sulfuamsconisining smine

aplis, They conocluded thot fn the courdse of meisbollc ‘nlorcomparalon

of cortalin mning nells, esrbon unile =re slavosrated chieh sarve as the
serbon oooree for the synthesic of the nothyl prouns of eerteln 2008 Ve
Ites, incluling methlonine «nl chollne. Viiamin Byn an’ other dictary
feotor: muy vlsy o declinive role in these !ntercomversions, in ihe
synthonldc and ubllizeation of the labile methyl sroup. lermy groups of
vorkars foun! that sorine ond glyelne are the reecurcors in the mymthesle
of labile nethyl sroupe (Sekani, 19493 Veleh aw! lskamd, 19503 “tekol and
Tedan, 19503 ‘lekevity sn’ Oreonberg, 19503 Jdu Vigneeuw: gk als 19503
Frnstoin, 1951).

vi @b Bl, {1349) reported thet mcthionine wao bensfleial for

growvin. ~1-z vhen added to the bosal ration, Howewer, when methionine

wxg fed in adiition 4o the PP supplement, tho rate of gfein wes no
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different than when APY supplement was fed nlone. Methionine wes slac of
no wanelit when added LU the basal retlon enl vitamin Byse Those dala
imdicnte that the addition of the AVF supplement Lo the bespl ration
relisved the need for supplemonting the ration with nethionine. It has
algo besn astablished that the baby plp required choline (Johnson and
Jamcs, 1948). Howewer, Nesheim and Johmson {1950) found that the plg
even 2t an early sge was sble Lo use methionire as o methyl Jonor in the
synthesls of cholime. Tho baly pdg else 417 not requlre dietary choline
when the synthetie milk diet conteins l.6% methionine, In this rospect
the piy rosembles the rat (Jtetten, 19413 Toennloes gi al, 19433 lennstt
et al, 1944, 1945, 1946 and 19493 du Vignenud! g aly 159453 Trecdeoll,
12453 Ctokel gh gls 1950) end man (Simmonds and du Vigmeaul, 1542) but
mey Jilfer Crom the ehick (Jukes, 1940} MHokittrick, 1547).
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Vilemin i ov Iiver extract tendod to overcone Win grovib-in-ilitory
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£ en £o4 as a. supplesent to sueh wtlons. Hertman gh al, 13194%)
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furthor showed thet Puedeliciont” rates o 257 protelin he  hyporihyrol

Shis eondtlon wes corvected by suprloneniediion 2l liver

o A e e by N g Fa A RS
crirmobs JiBh w11 lewels of vreledn s lelMelency of vitanin g

(S

deloaterdioss offact on rowlh) ilodleatiny that vilesin Bio io nocose

B ¢ o i - % . _— " 2 Ty r D 1,
zary In the utillsstion of preteln by muwsle. Turthersoore, Jtoker and

I

ueker (194%) reported (hst nonprotein nitrogen and uree wolus: rat

E

Iy

bloo! wore luneressod in goorherin deficieney. 16 wes alse Pound Uy

eGinnde g4 al, (1943) that tho blood nonpretein nitrogon osntent in

eileln Pud o vereteble srobeln Jiet o cileant In “animal probtelin

faetey® was hipher than in ehicks fed the sane dlete suprlemente? eith

dilie b al, 1948

indigated thet vltemin %im was Ldentical with ithe factor containod i

tls facter. wboe went work (0t gk gls 1948 and 7

P or liver oxirmet. Gharkey gb gl, (1950) demcmstruisd thsi the lovels

2

£ nomprotein sitropgon snd saine acids o the bMleod were highor in vitomin

b

Byoy=leliclont chicks than In chicks fed vitamln Bya concentrates,
Henge and Conmuo {1750) reported that the growbh of chieks wms Jecrsased

when 10 and 43 glreine wao added o vitemln By--deficient dlets, The addi-

vion of witamln Dys overcame the inhliiltory «ffect of glyvine. Jbers and

MeGlinrds (1951) Jenonstrabed the sllowiatlion of vitamin Byn of the tosiclty
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ing lodinated cesein,

Vitanin Bysy hos slsc been found to prevent tho coute hepatic injury
which results frem administering carbon totrachioride to rsts (Popper
2k als 1949), %o prevent the dissppsarance of liver basophilis whioh
ooours when soybesn olil mesl is the aole soures of rvotein the diet of
rata, (Stern gt als 19%49) axxd to prevent the scute uresia cheerved in
nowbors rats, from mothers maintained on sall-plant protein diets (Liener
and Sohultse, 1950), These results and the findings of the growih responsce
of vitamin Hys in enimels deseribed in previous seetions indicate that
vitsods By, functions in the utdlization of amine aclds in protain metaboe
lisn,




INTDRIT LATION

ANYLATIRG COopvOUN o (CHOLINE, B-TALY JIKT )

ixpeviments were ¢onducted to determing the requirements of total
and essonticl eholine for sromoting grovdh sn preventing perosis smi the
effect ol choline, betaine =n metilonine on hemoglobin level and liver

2t in chicks,

fxporimental Procedures

in 8l experiments Hew Hamoshire ehicks of sixed sexes were uped,
The vitamin Byg=deficient chicks were obleined from e ps produced by
hens feod = rantion defielent in vitamin Byse In experiments 2 and 5
chiciks were depleted st the firat week by fecdin: vitumin Bygwdefls=
cient dlet. uring ihis preliminsry peric! the weskest ehiecks wers
eliminebted Iy nuturs! mortality. In the remeinipop trisl (experiments
193446 unt 7) lay=old chieke were emplayes. L the baginning of each
experinenl the chicks were velghed imdividually, wing-bonded sni Jige
trivuted into unifern welpht proups follewing the el mimation of the
very rupid and very slow growins chiekz. In exporinentsl dielz, choline
chloride and betaine hydrochloridse were sdded singly snl in conbination
to a low-choline chick ration, The low choline synthetic bagal diet
gontaining Nlesoybearn protein »s the sole scurcs of protein wa used in
8ll exreriments except cxperiment © where the practical soylsan~corn
Lyre dlist wan comployed mnd conledings o source of the whey factors In this
experiment choline and methlonine werc adidel singly s’ in combinstlon to

this lowecholine practicel chick retion. The conpocitlon of the basel
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diebts are zhown in Tablea 1 and 2, Substitusnds in these élets were mad

2% the expense of cersloss. In oxperiment 7, the zoybean oll wmz lnereased
n the died in oxler o .nersese the roguiremont Por choline.

The ehlcks wers sainioined in cleeirieally bested batlterdos «ith
reised edirve floors urdng the entire experdisental period, Peed amd uater

The chicks wers volrhe ! spd soresis rocor’s vere

wore fod gg
teken individuslly ot weelkly intervels. ‘ate on mortallty wasz «leo noted,
che exporiments were Usyoinntod st 4 weeks of spo. . the terminstion of
ench experinont the total feed consumpllion wmas delemnmined,

Viteain  snd Aetocephersl seetnie wore glven by dvopper per woek
(2 drops per chiek) in s iditlon to that contained in the ration %o insure
that an  deguste levsl of these vitanine was supplied., Thismin hydro-
ehloride wa =zlso mini-tered Uy droprer weekly, lpha=protein dontains
betwsen 1,50 to 2% sodium sulfite whiekh io knows to destrey thienin through
eleavare ond nlso increases oxidatlion of witamin and B, This praectice
was lesipned to lnsurs sn sdegualte supply of these wvitaming and fo cone
pensste Tor rnrobable losces thet way cogur op the feod resmins in the
hoppers rrior to gconcumptions. Alphs-protein {(isol:ited soybesn protein)
was obtoingd Tron Glldden and Compmany, Lhigape, Illinois,

Yereh ATV concentrate £3 waz adled in oxporinments 1,0 s’ 7 to supnly
20 micrograms o vitanmin Fya per kilogranm of llsl ant was alded lo experds
ment 3 Lo suppdy 20 nicrogrems of witamin By por vilogran of Jlet. 0.3
mlerograms of erysialline vitamin By was injooted per ehlek per weel in
sxporinents 2 and 4o In oxperiment 5, 30 micrograns of crystalline vitemin
g per kilerrsm of diet wes addud, The erystelline witanin Dyp was in the
fora of peidum ehloride friturats coniaining 1 microgima of vitamin per

mE end vas obtsined freom Verel and Uonpenys AP concentretc #3, Durnished

by Tereh and Company, ! Fullerts certh alsoriete of vitanin Lype The
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H. vha Probein 23,00 23,00 23400 23400
Cerelooe 53494 3¢50 63,43 534720
o _\A&Hoﬂ“ - »mwttui L -
w@%w&ﬁw oll 4400 &.Qﬂ 3a00 7.00
Dlemethionine 030 0430 030 C.30
Imoyetine 0,30 c.wﬁ 0,30 (e 30
swﬁawg 1,00 0450 1,00 1.00
AWV 1,50 1,50 1,50 1.50
0,90 0,90 8,90 Ue S0
CM. erww@vM M.OWQ Héwa Mﬁg NQWO
He u. O.38 C 60 Q.50 e 50
mﬁuﬁwi UaT3 G773 Ce73 0473
- t@m&MQ 3,50 0450 0,50 Q.50
mﬁai R PL e Oeds, Cald Do dd Gald
Mzwo 0,041 0,041 Gelsd (4041
0,004, 040034, 0,004 0 o U,
0,002 0,002 £,002 0,002
mwigﬁwmw Qigﬁwﬂw Qcmwwﬁmw xcm.mwa_m ,“J
THnC 10001 00001 XY -mew
G002 :.i&w G.0013
Mﬂ ik ae 010 410 - -
Vit, & pe ;,.f mﬁqm Ta'le/gm) 0425 2R - -
P& T - - m?u@ e G
- - mew\ & !Q@memw\@nmw
ol et %:mwu 3600
Frotomones - - - 0,03
AVF 4 20 menfue - - 30 mesfke
Imloucing - - - 0a20
Vi ;,ﬁﬁ.g & 010 .10 UelD e 10
#iitaninst ng per w@a wﬁwm thilomin %,,H; 1003 riboflavi in, 1,005 ealelum
ﬁsaﬁﬁﬁg%n .Omm niscein, 5.003 m,m,uﬁ towine, C.003 blotin, 0,003 folic

M M em

anl » rutk.im e

_ﬁ@w&ﬂg puld,
Ue50} inocitml, w&&-@&o

0,203 Yenadione, 0,503 alrphe-tocopherol,
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sotivity ac noasured by LU metho! iz equivelent to thot @0 1245 mg of
vitamin Byg per lb,

The Biopar fraction YO used in experiment € 1o the 700 aloohol
insoluble portion of the hol water extrmoet of liver. IL was oblained
frem Armour lsborstories,  rmour and Company, Uhlesgo, [llincis,

Frotomone (lodinsied cnzein) was used in exporinent 7 ss a Ystreas®
meehaminn Lo Lowurs She sensibivity of the animal (o & deficioney of this
vitamin. Production of the hyporthyrold conditisn of the ehick yesulting
in an lnereased metabolie rale would tond to lnorense the dictary reoulnge
senbs ol the chick, The protomone ueed in ouporiment 7 woes obteined from
the Cerophyl laborotorion, incorporated, Uansas Cliy, “iasouri. This

*

metarial has a polenay of approximetely 3% thyroxine as detsrmined w the
somipocburer.

he dried whey used in exporiments § oamd 7 in o produet of the Woclern
Condensing Company, Appleton, “lseonsine It is o uriel vhey produet with
hey fermentetion molutles {(Mdholac).

The metho! for determining the severity of vercsl: for esch group wan

used by the formuls develeped by vilgue, Norrd: end Uouser {1937)s

S £ AT T SRERLE T lm o ndaoe savoridt
Humber of chicks 2 18 x = percentage severity

It wan noted by the degree of hot) enlarpamont (M), twistedl or crookod
Libin =n metntersus {(T), and slipped dendon ()} of caeh ley of ssch
elick, submanbor was used to lenole soverliiye 1, deciznstin olishts
29 malorate; sand 3, severs. Tho wnuiman severity poccible for ooach log
zould therefore be HyTzlg, or o toial of 18 rer chiok,

Fot detorninntlon weo Jdone by means o o Sowhlel apravatu using

eoaf Tdwer wms oxntyached oidh the

ailior, ried finely croun
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anhyireou: ether for 16 hours, ..u¢ exbract was irded b 1 0 for 30 it ,

cooled in a desicestor ond weldghed untll consuani wolpght was ottaineds
For Jotersimntion of homorlobin lovel 0002 e¢ of the whols blood was

delivored from & ealibrated capillary pipetls Into X0 e of GI:Lilled

& PP S - siq 5 . 4
GDOE L W Gulas

wabor in o tost tube, une ‘rop of conconiralsd sanonlus I

ey

- oy " F oty . wig e o, & 4% Ao o e
he reading was madee Thoe eomteni of the Usst

to sach tute Juul efore

2T g el 2 y ' a 2 o Foagt, . B b, o g 2 own s o 5 A 4
tube mas »oursd inte & colorimelor Lube on  he rew dns was osos lnoodle

s A
LN o o

&

aiely with filbey 840 usinr & blanh tuse contalining it it

the indtial » Juriment of the gelvenoucter. Hemoslobls wes detormined in

the “wolyn rhotoolecirice colorincter, The density of ovyhonesleblin was
moasured by the palvanometor ros ing,

ihe choline eentenl of A-probsin was ennlyaed

Liglociesl sssey =ith the muilznd of oholineless mol

gocoriing to Borowitsz snd Desdlefs motheod (19423), The mutent strain of

i

Srucapg bes lost the atdllity to synlhosize cheline on s slaple

mrdlun anl eonsesuently requircs choline for growth,
Trom this melho. the cholime content of X -protein iz 0,0197, which

gruivalent to 0,004% of tasal dicl containing 237 o=proioln,
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vhe resulis are glven In Jable 2, rimenh X, BT

¥

reseiying DO75S

welvht gnin of oh ela Ted vitamin Byo-~doficliont Jie

A T A Vet gholine weve 103 g oend 189 ma orespootivelys the

syorage gain P eunlels fod vliiemin Pl@~exz;3 Jdenentod dlet rescliviang
00755 and 0,1° adled choline were 241 gr and 233 o

= s

Yot S S T P P ® 5 [ B
i oent Bhet in Lhe vioamin Ew.ﬂ’}.{ LLL0nY, o

added choline was re.uiced for beol orowth and 0,075
was © oosireld for rreventlion of rerosis. In the prescnoe ¢ equs o
lowel: of vitemin Elz, 0O75L of added choline v~ .ogur stk for

~puan e for perosio crovention.

in evporiment 2, (see Vaile 3) tle sverare wmin of o .. recelving

conte indws Qodl ame’ L1757 o led chelins an. viiapdin '3_2 gne 2061 g
and 270gn respectively. then vitomin Lo wae nob given, the aversge gain

of chicks fod diets contolndng G.1% and 0,125% of nided cholline weo 227 gm

L SR 3 . R ST S . 4
SRAF K1y Car e L’, ki Fet) .;;ug.jv,s.e,;.‘:;ﬂfgl’%u:ml vl

ot <50 gmy vespeetively, In this ex

anin Bya wme given, 0. 17 of «'-0l eholine wns not c~nough for best growth

lowel of choline wag rdow
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guate when vitanin By was oupplied.

in experizent 4 (lalde 3) the aversce zeln of ehicks fo Clebh Gone
taining 0,07+, G1li and 0,106 of adde eholine in the rresence of vitanin
fiyn wan 220 ymy <10 gm oand 240 gao, respestlvely, while ib uns 165 gm,
176 ga and 234 gm, respoctively, in the absence of vitamin Byp. Therefore,
these resulis Indicante thet with sdequate witemin Ly 0,077 of added choline
was sufficlent Lo ~romote growthe Howower, 1t wei not ufliclent to cume-

pletely rrovent rerosiz, In the sbgence of witamin Dyp only thoe 0168 level
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of added chelise was clequate for groeth and the prevention of -orosis,

The rezilis showr {n Teble slro revesl thoet in these experdinents,
a8 the lowel of added choline incresmced, the poreenitepe Inerenso in raldn
beleoon vitomin ﬁlzwﬁﬁﬁ@natm and vitanln Dypw-deficiont chicks doermased.
Thosze dada, therefors, show thavy choline sxeris &8 2rarins notlen on the
requirement for vitemin 012.

Froa oz resulds of the above cxpeoriments 1 vay o concluded thed ca.
U.1% of added tolal cholime is suffic’ont to support srowth =n  orevent
rerosis even when an sdequete lovel of vitemin Bys iz suprlicd, In the
atsence of vitsmin Bys, on the other hend, fron .17 to 0,157 of total
ndied cheline o negessarv. Uinece ithe eholine eonfcined in tho bossl
dlet vas only J004%, the tolal cheline lovele reguired woul T oS80T

Linlly tho some,

The Sparing LfTect of Betzine on Choline leoulremend

00 results of experiment 2 are rresentsd in Table 4, The sverame
pain of ehicks fed the mazal diel gontalnlog 0,055 betaline and 0,1%
choline was 319 gm which & comporabls with the evernge zuin of chicks
el the beosl diet plus $,157 choline alone (315 gm). The everape galn
of chicks fed the dielt shich contained 0,08% choling =lus 0,057 winlne
was 2497 gme  Ohicks fed the diet cup-lemented with 0,17 addad cheline
alone oxhibited similar pelinsz. flowever, 04097 choline plus 0050 beitaine
was nol gleouale Tor the vroventlon of porosis, ilso 0,050 of added
ehnline slone sas wel wsisquate for normel grovth,

Yhose reculis indieate thet Ismiaines ha & supplomentary offect on
echiek growth when 1t mas dided to the diet eontunining ,104% cholins ut

oot hewe o supplesentery offect when 1t was added Lo lhe dlet whieh

H
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{Fzporinent 2%)

R R S Y C ) ECTEE » YT PR NS 45 Sy o T A g g g
Spuring Uffect of Beleine on Sholine Teoulroment

: tetelne wdded, 2 -
; , :
!
3
3
Choline :
mg@ﬁ % Average welpht gain at 4 weske (2m)e
o i
- 4 , .
o 157(79:47F  167(60.0)  190(74.7)  154(60.5)
.05 265(23,1)  2287(28,4)  271(12,9)
.10 289(0) 319( 2.7)
15 315(0)

® 20 t%zs'*»olk vitzmiﬁ Fwieﬁamm chieks por group .OO..!W abnline
[ 4335 .\4,4\) Ifm ..L ,}.4‘. -1 T ) «6‘1“5 ,F t?{) Tﬂ "3 g N "t'f @{" 2‘4"”,‘ e W?y
20 zm;:: of vi wamin Eﬁm por kg of diote

¥k o/o Se.ven}y of« Terosis
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vrogmoting seblenbnly when sulolent "eosentlisrl” choll
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shis ctudy, even vhon on oodeguate level of vilandin 3‘3‘,,..., aas sup-lied, more

o

thnn L0847F bt not poro than 104 essentisl chollne wer Jor ire? fop

norumst prowth snd the preventliszn of perosis,
b Secvirement o Yasondlsl C sﬁliw in The Presoie o
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prosunts of sdeguate lowels of vilumin 3312 moye Lhai JO0bs Dub Loss
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1 neeessary fov the provemblon of porosis {Table 5.
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In siporiment 2y JOTe sssentla. choline was sieguele fev growlh Iud
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pvial eholling wog roguliod
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Figure | ( From Table 5). Requirements for Essential Choline in Presence of Vitamin By ond Betaine
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Figure 2 (From Toble 6). Requirement for Essential Choline in Absence of Vitamin B but in
Presence of Betaine
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choline respsetlvely. Therefers, theo nosl et eosnteined L0009 choline.

PR 3 RS A s & . R B SN S S | o o : i I P
r bk cmperiment, vhen anoo nte lovel off vitanin Bys was supnlied,

L5700 ssaentinl choline wao sufficienl for oyordh and 06 szoonliel
ehollng was slegurie to prevenb perosics  In the vitamin Bygeeficlent
diet containing L0690 ecsentisl choline was rewuired for prowlh and
nerosic oreventien, Frosm these resulits, 1% Lo cvident thel belalne 1o
not s fective for prevention of peroalz,.

Fron these four experiments, chicks feod Jists vontalnin: no vitamin
Bya reguired from JLIBLE to JETE of sssontisl cheolline Tor growth and the
preventlon of porosisz in the sresonce of belaline to rerlzes the need fop

aore-sssentisl choline, “hen an o leguate level of vitemin Byg wns supplied

more than ,054%, but less than JOOW of secontlinl choling mas required for

ahiak rrowth, bt 060

ek,

L o JOH7E of essontial eholins wan necesanry te
prevent verealse  These result elearly show thel even in the presemee of
vitamin Byp, beiaine ls unsble te replacce the ossenblal choline reguinm
mont of the eblek. It sloo aproars ibed viﬁmmim‘%ig surnlosentation
inorespes the severity of perosl of ohilcks fed the chollinp-low hnmzal

dict, Howewer, vhen choline wen dded to the dlel, vitonin Byp supnle-

menbaticon 434 not effect the lmgldlense of waronisn.

Lffect of Choline, Detnins and Vitemln Bio
on Hemoglobin level of Dlood

The resulis precentod in Toble 7 revesl that the =dition o7 cholline

By

or boeisine to the besal diet reduccd tle henosleobdn lovel of the bloed of
ehidcks, This Jd{fersnce cannol e czpleinmod i bzl level o hove Pow
gultal Lecsuse of ifferepeces in crowth rate, The vitamln Pyo content of

the dict 419 nol influenets the homoslobln level,
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Sffest of Vitanin 2ya Concenbrale on
HSethioning sno Choeline TNeculremonts.

"
4 4

P I ] .- ¢ 3 #
sumgmnriecd in Tnlde nwornie

sain of vitenin Dyswdeficiont ohicks recelving nelther choline ror nethiom

mine vaz only 340 gmy vheresn  the swersse saln of vilanin Do’

S N S I P & N A oty B Yy T ey & o ) s pote S T,
ehicks o' 2lets eonteining clither 17 methionine or 200 ng of cho

ibe wes 383 gmy, and 4U7 oo, reepeetively,
avoenes of ¥liunin Hys concontrate, sdiitlon of methlonime or eholine
rerxulied in o merhed provth rooronses.  “hen choline was fed in socbizatlon
with added meihlonine in o vitemin Hipelow diet (dlet 4) the average gein
wao improved to 426 gme Howower, in the prosenee of the vilanin Byow
congentrote the addition o7 cholins was not reqilred iIn the diet 48 17
methiondne wus lroluded (dfet 3). Likewlse, the ad Ition methlonine
wag not requirod when the vitunin Bygeadequate dlel gontained 200 mg per
1be choline (dlet 2)e This inllestes thet vitanin Byp, eholine and

movhionine hvve = pparisg setion on oach other,

Effect of Choline, Detalne end Yethionine
on Growth sl Perosis of Chiocks

In egperizment 7, cholins, beleine and metilonine wers zdded ningly
and in combdnotion Lo o cholingwlow purdifled fyre ehlek rmilon. The
aellhyl prouws” equivalent sup-lled In the diel by choline, beitalne ond
methiondine, or the combloation of thase subolancss, wre galeoulstod to
e the snne for diodte 3 to T The bessl dist conboined .ﬂ@ﬁf cholino,
The levael. of choline rferred to herein rerrvesonts the added eholine
plus choline contained in the basald dlet,

The results of this seperimont sre cregentsd in Table 9. Chicks fod

dlet 2, which conteined 0657 cholime grew norselly =zmd did not owhibit
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perozis. The a.dilion of n:thlenine or beleime {dicts 6 and 7) were nob

el fectlve Tor romobing grovith ool wrevenling reroclo,

iffect of Choline, Hetaine and lethionime on Fat
Gontent of ldver in the Presence of Vitenin Em.

The resulle glven in Table 10 cloardly ludicate thel the additlon of
choline lowered the fat content in the liver, Thersfore, choline owerted
e lipeotropic offect. Neothionine or beizine appeared to imersacs the fat

gontant of the livey,

Influsnce of Vitamin Bye on [ipotropie
iffect of Choline eni Deotaline

The resulis chown in Tahle 11 indicsie thet vifanmin Bye lowers the fat
content of the liver. Thorefors, vitonin Byg slso hae & lipeiropic action,
Thiz might be cxupeeted sinee vitamin Bya is coneerned with transmethylation

renctions, and spares the recuiresont for choling,
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Influenoe of Viteain Iyp on Lipoirepie
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Supploment 2 % rot in Liver
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DIGCUOATON

The results obitained =ity o meedilied type dleb containin. an adequabe
lovel of vitanmin mww.awa@%wm.mwga@ Shet L1047 of totznl choline was sulffie
elend 4o mromots normml crowdth and provent nmerealis in chicko. On thoe
other hand, when npo vitamln Dys wes added  higher level of tolal choline
mas reculred for grosth and the oreventlon of peresic, The resulis also
show that as the pereenitepe of tolal thelline in the diet was Inoressed,
the difference in wolght betemen the vitanin Byp and vitenin Dya-dsfiolent
ehicks was deeroased. Thio indiestor hat choline oxerdsd & cpering seilon
an the recubrenent for vilanin Byse

Uaing n soybesn oil mealseorn prechiesl type dlct 14 was alse found
that neibionine or choline merkedly lsproved the growth of chighs fed diets
onbaining no supplenontel vitanmin wwmo in contrast, vhon vitamin Byn and
o150 methicnine wes supplicd, the addition of choline was mob reguired.
Sinilarly the addition of methionine was nol reulrsd whon the dicl cofe
tained 200 meg of cholime per lb. This spgein indiestos thel vitamin Dy,
chol loe and sethionine heve sparing sotlon on cach obthore.

The reselie sls show thet Lhe cholins reculrement was loworoed YWy the
aldition of vitanin ww% =nd betaline to the diet, The findingz noted above
elocrly lodiente the lntervelstlonshipy of vitenin Dys, chollne, moihlonlne,
eri beotelne. Theeo resulls ore In ggreement with the vork of othir lmwoge
ticaters, Gehasfor gk als (1949) foum! that zhen vitenmin Iy woo provided
in the dist, low levels of choline an methlonine were sble to provent
fotity liver, hemorrhagle kidmey in mibs anl to proscieo srowll in chicks

but when vitanls Iys wes added to » diet conteining on ndeguate level of
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N S . : , ” K S B AR ke WA T g s
&5, evhaine aml;s* whon vitosin syﬁ: was wided 4o the dia%, Pt LA A b Vi 3 kot
s by G111z end Herrls s L1945) who peporbed Th L vitamin Hya

sxorbod & sprring action on the ehiek requirement Tor lytudle mathyl proups

{eholine s’ edaing) Inticating thet st loaet one petebollic fumetlon of

vitamin fya Lo congerned =it gmathrlaiion. “inilarly 1% bas been
foumd that flsb seal {Potton gk gl, 1746) il vitamin Bys (Dwipggs b ode
1250) loworel the requiremsnt of the ehick for sethionine., Jukes and

toketed (I947 =nd 1950) aloo Jenonsteatsd thed eholine snd methionioe

g"‘?

raguiren-nt in the chick for vaxlmuem grost’ wns gresier vhen vif

5

kS

esnin 1’11.’

in the dict. relationsidy twelween vilenln Byg and

methlonine hao also beon Je-onstrated in the pig by Cunhe gi al, (1749),
ihe resulis show thet when Jlets eonielned no vitamin Byn, 0648

to LU8TE of eosentlsl cholilne was roauired for prowitlh 1F betaine was

ad.  In contrast, vhen dlets contalved vitamin Eﬁm, O848 to JOOTE
ol ntinl chellne wees adecuste for prowcting grovwih, Those resulie

indiesde thet under the conditlion of these waxporineniz, cholins used iy

. 5 o 18 CEam D & p X % % ., o2
the ghiak can Jimidel lwbo rasential end nonecssendi

] v & oo o R B Y Lam gt 2w [, M T i E &£ 2
tinl eholive eemmot o reploesd v betalne, This finding iz sizdlor o

(1947) vho found $het ithe gholine
chick for any riven rats of srowd’ on o hopooyoting

was & Toodingtely twoethirds reploceable Yy hetalne,

‘Ezzsmm;)zw%rmpzmy ale eholing and 0,147

ehleks roquired clese to 0,001

replagoable chellire in the divt. This Dlpure of 0,002 Lreeplacenile

5

gholine 30 in eloss am thoos presenbed hereln ed clso o in

aoreeaent Tl rroximate Clgure of U.050 Tound in the nresonce of

aurplus nolhl soe methlening pluc tetaine (Almouint en Cruu, 1044).

aholire. oralfm
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Howover, results presented herein show that vitemin By, influences the
requirement for choline, Under the condition of these oxperimente choline
cennot be synthesized in the body of the chick. However, Schasfor gi als
(1951) demonstruted that vitamin Byy appeared to be invelved in the sype
thesis of cholins frem ethylaminoethsnel in the presente of methyl donors
suyoh az methionine or btetaine., The workers explaiped the a2bility of the
ohick to uvtilize methylesnineethanel plus ietaine or methionine as a replace-
ment for the dletary choline sasential for growth snd prevention of peresis
when the diet contained vitemia By, a3 followss (1) The diet contained
sufficient methyl to methylate dimethylaminocthanel te cheline aml vitamin
Bya 1= imvolved in this tranafery (2) Vitamin Bys functions is the utiliss~
tion of dimethylaminoethanol ez » replacement for choliney (3) Vitamin By,
stimulatcs the synthesia of methyl groups and functlicns in the synthesis of
sholine through transgethylstion,

Furthermmore, in the rat, choline synthesia from cither betaime or
methionine has been reported by other workers (du Vigneaud gt al, 19393
Oriffith, 19413 and Stetten, 1941),.

Betsine had » supplementary effect on ghiek growth when 4t was sdded
to the diet containing ,104% choline but it 442 not have = supplementary
effect when it was added te the diet containing only JO054% sholine. Thevew
fore, betains demonstrsted a growth promoting sotion only when sufficlient
essential choline wes supplied. This result is in agreemont with the finde
ings of MeGinnis gt al, (1944) who reported that the addition of botaine
or methionine %o the ehick diet sontaining ,08% choline improved ohieck
growth. They azsumed that both supplements assisted the choline in a
methylating capaeity, theroby imcreasing the cholime supply availsble for
growth., These workers also foumd thet in other diets in which the oholine
level (.03%) was less then the level of sssential choline, very little or
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aovensnd weo sobed froo wothionine or beieline 29 tlon, The siidition

S&

of eholline resdbed In o sbrong rooponss il oVGTy OnoG,
Vitooin Bys luereases the severity o7 verosi: of ehilc cke fod louecholine

I A e g bR I A e [ o Ll TP Dae, T e R .4
dletss looy lwisline J10 ool prevent rorosi heage Cindinee wors sinilar

with thoss of Jukes sn’ Stokslad {(1751). The faebt thes
nopeaooential chollpne Por orootl but wes ot ¢ lective Mor tho croventlion
A sewonls is slso in aprecment o1th the work of Jukes and Taleh {1947).

The ineffeetivonca. of boleine nnd methionine in prosoting growin

end prevonting erocic inm chollino deliclenoy .nilest “ tho ghiek

414 nob synihesize echoline frommethlonine or botelps bto amy

ne mny aven b forwed in the ehick Irom choline since a

fosa

choling asparling ascllon on betaine Iz lstinetly inddested, Siniler roe
suliz were reperted Ly Jukus (1940) in thet methicuime wane imeffoctlive

¥

for the srevention of perozis. These findinsg ere nloo n zoreconent with
those of HeGinnle gh al, (1044) whe found that betaine and sethlonine were
insffociive ln vromoting yrowlh ane prevendting perovis in the chilok when
added to purdifisd Jdlots tul they wers shown to e offective when added

to o simplified dist. In combimsi, sholline srovented peresic and rromoted
srovih on bLoth dlels. They, ihereflore, sugpested thel chicks sere slhle to
aypthesize cholline from boeleline anl selhlionine when the sisplifiel dlet
waS usod,

Vitemin Bys Ald net Inflvence the hemogloble level., Thie is in
eprerent sgreeusnt »ith the observetions of Hichol gk gl, (1943}, who
roported thet vitamin Ma elome did net ufluence hemeplebin rogeneration
in tho ehickc, Purthermers, lnjeetlons of Jolie neld nlome ragtored the
hemoglobin valve to normal, These workers found that the gombination of

vitenmin iy and folic seld emused s more repld mpencration of hemoglobin
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e e wdeguale level of witanin By4 was prasent in the diet, <1045
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£ B Ry oy X i g 3 .
sufficient Jor moraal rogth cn. tho pooveniion of

- 7 T o e e o o R T 4 B g g " ” 2, ‘g 2 S %
porosls in el Ia contrast, when vitumin Byo wao 2ot srosind in the

(4..5; w, ‘19 ' [ njﬁéu w4 ’

Joeholine o ¢ rogulired for groeth ono the
pravanbion of perosis.

: Pk et e <ot - ., A .t
ratary offect on ehiel sresih vhoa v we added

R v - - et & | TR I SN % i H] Fo gy 2 Il . N
Lo the dleol contelining JI045 of choline, However, belelns Jlo wol have a

upplemealory offoet when 1t wes added to this Jlei conlaining only U548

eholine. “horsfore, belelns exertasd o roncblng ootion ouay when

sulliclont enpential choline wns supplicd. Lnder the coaditlonz ol those

shed e
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Ehen cheline supplied with adoed wothionine ln the slsence of viitamln




9

Byas the growth response was greater, Hewever, in the presence of vitamin
Byn the sddition of cholins was uot required in the dlet which contuined
«1% nothionine, In ths presemse of vitamin Bys the nddition of methionine
aleo wes not required vhen the et contalnmed 200 my of choline per b,

Is a purilied dlet, ,065% choline supported normal growth snd prow
vonted perosis, Ths addition of methionine or betaine wap mot effuctive
for growth promotion and the prevention of perveis, The vitamin Bys
sontent of the diet had no effect o hewoglebin level,

Choline exorted a lipotreplo effeet while methionins or betaine
appearod %o ineroase the fat content in the liver of chieke, Vitamin Bys
sXipghtly lowered the fat content of the liver,
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KCTION OF VITAMIN Dyp IN

fuﬁz Zg‘\‘/ "t‘t“ - amxu, }Idwxﬁ* ™
These experinents wore underbdaken to invesbiisste the effcot of vitanmin
Byp on the grosth i phibition snd mortality of chicks fed high levels of
geveysl A3 ferent enine scdiis and 1%s Inflvence on the bloo! levels of
glucese and nitrecen econtalning corpounds in the chiek,

Fxporimontel Procedures

How Henpshire ohicks of niwed sexes fron laxg neinteined on » wire

floor wers fed & vitamin Dyg-deficiont diet except as inllested, These
ghicks ware r=arnd in olegtpieally heated balisries =ith raisged wire

o
b

Lloors. Feed und waber wers supplled gg sxporisonts 11,

13 ani 18, jday-oli chicks were used. In the remaining exporiments {2

to 10, 12, 14 %o 17) & oneewsel prelinmin v depletion period was employed
to further deplete the chicks and to standardize the effoct of Yearrrover
of vitanin Bya. The composition of the vitamin By =deficlent basal dlots
in various erperiments 1z shown in Ta¥le 12, The percentase of crude
provein and cerdein smino selis supplicod by these basal diels s caloum
lated 4o bo as followss orude pretein, 21,29; erginine, 1,073 lyains, .83
mothionine, 493 eystine, 313 tryptophone, .263 glyeine, 2,283 histidine,
4765 tyrosine, 1,053 rhenylslonine, 1,203 threonine, .93; Jeuelins, 2,813
isepleueine, (943 veline, J92. “uring the one wool prelinlnery poried the
ehicks mere asintained en the respoctive vitemin Dypedefliclient twral ict,

At the ond of the denletdon rorlod, the ehlcis wore wingebsiiod, Imilvide

unlly welghed snd dirziriluted inte uniforn groups on the besis of bedy
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Ingrodients t Fzporinent lmsher #

3 H

: @ ¢ 10, 11, 12,12 3 13 = 17
Groun! Yellow Corn 6000 X o 62,20
Corn rluton moal 10,00 750 7.’.5@
Soybean oll meal Ew Eﬁz*ﬁﬁiﬁfiﬁ; 15,00 -

hean oll meal (507 -roteln - 25,00 1-7%5.&3
Cotton Sesd Meel 18,00 - -
Linestone 1.25 1.25 125
Rone mesl GaitB 3425 3228
:imﬂ Znlt 04,50 Geb Ca 80
p‘??- and D 031 (éﬂ%«f Coand 3000 ) QQBGO ‘{}QE@ 030
¥ ARy bei! 0024 5,008
ny‘ﬁf&% {1'5& - -
Hethlonine 0,08 - -
Protonong 03 003 Ul03
mg 1 ib,

Nibeflsvin 1,20 3,00 1,00
Hinedn 3 33,00 10,00
Calelun pentothenate 250 Hell 5eC0
Choline Ohloride 300 5&.3 i'},ﬁ
Pelie fcld - 0e9% .EZ:'
a»@ﬁhi& - 95}“-’?} ‘G“?
Pyrlioxing 2o 1.60
& dasel diet in exporiment 9 wns tho same ag et woed on gxperinent 2

axcent lar the o

itlon of a5 ng of pyridexine and

thomml calelum rentotbhensle pey 1b,

W

3% myr of wdd ,:1»



a1l ediiahe wore Jloscorded to glinminete

the wary mnlo an. vwors olow growing chichn,

In experiment 3, yolk gnce wore romoved in order 1o derlete vitanmin
?'3}3 sonteine” in the yolk on the Mrsi dey from crogeny of hons fed normal
dieta, Thoy were then fed the wiilanin ml.wwmi%u et for the Mred
week, The method vsed in remeving the yoll mae wan rerorted by Menge gk als
{1950). The number of ckhioks uscod in each sxperiment Lo noled undor each
teble of re ulie, In these experimonts, ndne Alffsrent omine sel @ wore
added 4o the eepal diots 2t e level of 42 ac indlceited. Foln wee also
used © suprlosent In twe exporimonts,  In cach trial, one group of chicks
regelved the buzel diet contelining o single added anino noid or sein,
corresroniing groun eccived the sames dlet »lus surpclomentary vitanin }33.;?."
In experiments 12 to 12 ecch viitemin Bynwsupplemented chick rocelved cube
eutencous injoctions of 1.2, 1.8 an! 2.4 wmog of orysialline vitamin By ab
the beoginnin. of the secoml, thir! and! Tourth weel of aje, respeciively.

In experimeats 11, 13 and 18, Qo0 mog of vitamin Bys was aluc Injeetod in

gael vitemlin él?v-ﬁ*}““ enmanded ahlol at the Firel dayv of agee
o 10 end 17 %o 13, the vitemin Bypesupplemented ¢hicks reeelived cryretlsle
iine vitomin Bye in Lho diet ot a lovel of J meg per 100 gn of diet,
tomone was also used in esch experiment in order to incresse the Jielary
requirement for vitanin Byos. Vodghing an. other cboervntlions were mnde st
woakly intervals Sfuring the cxperimentel peried., 11 experinents were
terainited vhen the ohicks were 4 weeke of age,
Toy bleod datrrodinntion in oxperiments to 15, the 4 weelr ol chicks

y

e fasted for spproximately 10 heurs st the ond of the study and o 2,5 ol
of bleoo! was removed Ly heart runcture frow sach of eleht oehilcks poy proup.
The bleo’ was nooled on! & proup semple wnr used in meking the debterninge

tion,
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of Foch and Jeleekin for nonprotelin nitrogen; Drown for urlo acidy Folin
and Yu for erentinline and anlolson Tor amino nlfrogen no no’ifled iy
fswk, Oser end Swamerson (1947) wore used. Ures nitrogen wes Jebormined
hy the method outlined by “fbwdei nnd Shkupp (1950}, For nomprotein
nitrogen arl anino nitrogen determinstion, o for medificntions were mado.
In the detormination of nomprotein nltrogen, 2 nl of filtreto aund 3 nl of
wbor wore used in each sample lastead of 5 nl of the hWlow! fllirate.
Samples were chilled in the fee bath for 10 min. before sdding Hosslerts
roagent. wo rops of gua ghottl colution was mdded Just before addiing
Hossler¥s rearent and after chilling,

in amine nitrogen dedernination, 2 nl of the bYleo! filirate arnd 3 ol
of wmabor wers used in oach zample instosdl of 5 nl filtrate. The finnd
solored solution was diluted to & volume of 35 ml, Iz all dotermimntions
after the celor waes Jdeveloped, iis lenzity was Jetermined by & Lelis BRouy-

Photometer,
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Tffeet of Vitemin %3» on n O m; Orowth and Wlm& levels of Various
ﬁfiﬁmgﬂéﬂ b@ i d Tk o LORDALYLE B0 clucose

The resulis are given in Table 13, The averess wolpht enin of vitamin
Ty oy ~deficient chicks wme 153 gn an ithoso »f b eks reazivins oo g fecuate
amount of vilamin tiyn WRO 24t gme The difference olweorn AVO LIS
voedoht, oolin of the ghleks rrosivins no surmmlen obsel vilemin i 14 gt thore
FeC@iviay oo alequate asount veveals thnt o maried vitewmin ,.smu-r& laisnoy
existed., I io evident from the date het ihe blooe lovel of noaprotein
aitrogen was significently highev in vitamin Bm-nﬁm‘:mé.&u’t ehlcks then in
the sormal controls., Jeorcover, the tloed lovelz of nnine nltregsen, urea
nitrogen uni erestlolnes were sluic tonsistantly higher In vitemin Byme-lefie

clent chiciky than ip those receiving on sdecuste level of vitsnin B.

The diflererees noted wore stewistlonll: significant, leo o olighyt bt

i

-

cunsisiant Jiflerence eoxlpted belweon the levels of sleod glucoso in
viiomin I%mm:mfmmm chicks ant the normel centiolo. his diffsronce
was wlso stetistically elignificant. The dlflsrencos ol everags woelight
guin nonproseln sdirogen snwd endnoe odirogen sobwosn vilamin ifilgm gl ialent
sl Lhe norael gontreds wore sbatis denlly signdficond to n 10 Jevel snd

Ve Jdiflerences of wive nitrogen amd ¢reatlinlze o Teebeen Lhan

wore statlistically significent to & 50 level. The urle nel lovely liowe
ever, revealed no conalstont difTerences, slng 1itile alfactad In gonersl

s resuld of vitanin 33.2 meim. i obrntion.

Lffect of Vitomin Uyo on Grovbh lepressing
totlion of Glycine end Imleucine

The avernge zoin and nortnlity obsorved in ehicks are presented in

Tables 14 and 18, The relative svoreare gain of the wvarious groupe of
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TARIE 3
o -

Effect of Vitamin Bes on Growth
bepressing Aetion of Glyelne

10 and 134, The rost of cxperimonte (138, 16 and 17) were injeoe
ted with vitamin Byn weekly as deseribed in Table 13,

Yolk sags were venoved at first day fres ohicks hetohed from hens fed
normnl diste. They were on vitemin B, ,edeficient dlobe at the fiprnd
wesk cnd then dlstributed on the basll of welight at the pocond week,

These numbers in paresthesis repreosemt the relative galn expressed as
a persentage of thoi obtaimed with the dorresponiing control cnlaoke
fad the pame dlet without the added amino eeid,

30 moz erystallire vitemin %@w kg of dist wers fed in ewporiments 8,
9s 10 :
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porgentare of dhed obtained with the eorrwoponiing

o3

chicke, exprossed as

s

entrol ohicks fod the some Giod odthout the adted anlno noils i also
glven in thene tabloes,

in Teble L4, the aversgs goln of vitamln Dyaedeflelont ohicks was 144
gn an' thoso of vitemin Byswsupplomentod ehieks waz 247 gn when Mhey wers

fad on the dlet contelning 4% slided nlycinme. The reletive aversge goin

obtained in 7 experiments In the presence of vitemin qa was 95170 an In
the absence of vitaanln Byy was Voe2%e These resulis clesrly show thel in
all oxperinenis the aodition of 4% glycine o the diob ivhibite the prowth
nnd inermengos nortality of chilcks fod witemin Eﬁwﬂ&‘f’imi&% dlets, Tthe
toxicity of zlyeine was ovorcome Uy the sdmindslrstion of vitamin ’%32 Ithor
by injection es in experiments 138, 16 end 17, or by feeding ac in exporle
ments Jy 9y 10 z2ud 134,

Sialler peautis are piven in Teble 1%, The averarwe

dets conteining 45 alled leveins alminister d vith witam Eyp woz 234 o
thoso given no viltamin Byp weo 124 gme  The sverege reletlve gelin with
tomin Bye woe 100048 sn without vitemin By, vas T6,2%. Theope dule show
ot grosll of vitanlin i«mw%&f‘i&:ﬁ ent chicks mes inhiblted markodly by ths
addition of 47 leuelins o the dlst., Sowewer, the provth inohivitory actlon

P

of leucine was completely owercoms by the admindetrotion of wit

¥

;}

L
120

#

The nortality of ebicke Jed the vitomin Pyaedoficiont diel contalning 47
addod leusine wan loos than thal of ehleky fod $he some et glithout the
added smino acli, sdnindsbretion of vitemin ¥yae, howovor, sorkedly

reduced the mortallty meperdlezs of the leueine inclwled I1n the Jdlat,

Effeet of Vitenln Dya and Soveral Other Individuas
mino Acld imbalences on Ohlsk Orowbh,

a5

The results sre plven in Teble 16, 17 an! 18 en Plpure 3, The relow

tive nverase rcelin of Vhe warious groups of chishka, oxpresgad DR TS e




“ffect of Vitumin jp on Touliclity of
Come Aning Aclda,

H
itvernge Dmin Juring $ 4 dortality
experimentel period H

\OR - . £5 , ,
B 1" 3 A bay kR s T "i e :
“ith Dyn : #ithout 311.2 3 Lith B t Tithout %3.2

SuDPlewe
mont

: 12

. < s s R S R AR

e 5BVt #8 S WS
:
2es % %0 A% B8 &%

n
W
{53
~3
.
v

O 273 (100) 237 (3,&9) .
45 Lewgrdtime ;
%/ tamic sedd 273 {lﬁ{f)y 216 (91.1)

L5 Tiimm
1ysine 244, {89e4) 183 (77.2) 11,0 1645

bt

*
%
&

0 231 (100) 45 (100) 5643

47 Lemglite
,  tamic meid 224 (97.0) 136 (93.8) 50.0
w2/

A B
1ysine 193 (98,6) 143 (83.5) G 14483

244, (100) 174 (100} ~ 5340

Lysine 256 (10442) 176 (100.9) 35

{

o 230 (100) 145 (100) " 50,0

LE L
tyroaine 185 {80,4) 108 {74ek) ¥ 1.1

0 252 (100) 128 (100) ~ 23,0

sermrtie seld 169 (67.1) TG (5944)

3
148

5540

3/ sme v in Tadle 1L - note 4/,
# -~ -, Mo ¥
£ 5. In mtle 15,

3/ 12 woek-~cl witemin Dypedeficient chicks were [lotributed in%o cxporie
nont diots in experiments 10 to 16, They were on basel vitswin Ly oy
leficlont diets at the flired weck,

y me
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Figure 3 ( From Table 18) Effect of Vitamin Bi2 and Amino Acid Imbalances
on Chick Growth ( Summary)

AVERAGE % GAIN ®

SUPPLEMENT

6-8%
Zein

4 %
L - Leucine

4 %
Glycine

4% L(-)
Glutamic Acid

4%
DL-Lysine

a4 %
L Tyrosine

4% DL -
Aspartic Acid

4 Y%
Dl«- Alanine

4 %
L - Cystine

4% DL
Methionine

e |

* The overage % gain expressed as o percentage of that obtained with rﬁa
corresponding control chicks fed the same diet without the added Amino Acid
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Lffect of Differont Levele of Vitamin Byo
on Glyeins ond leleunine Toxiciby,
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thoe sdded nalne acid was present ln the dlet, Also it choull e noted
that the relstive gro«th Inhibitien csused Ly ithe addition of olther of
theee anlno aclcs wes progresoively lesaennd as Lhe witamin ?‘33;} gontent

of the dipt wns ineresced,
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Little affected or lowered Uy the glyelnw supplement shen vitamin Byn wag
suppllele The blood erestindne of wiltemin Dyg=deficient clhichs fed dlets

consaining added glyeine wes lower than the i of ehicke 00 the unoupples

monbed bassl diets, Hogever, the sl ition o zlrzeline to the diot of
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Iffeot of Vitamin Bys on Slaod HPN of Chicks Fed Excessss
of VYarious Aminoe reids or Zein,
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Figure 4 ( From Table 33 in Appendix) Effect of Vitamin B,, on Blood NPN of
Chicks Fed Excess of Various Amino Acids or Zein ( Summary)
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Figure 5 (From Table 34 in Appendix) Effect of Vitamin B, on Blood Amino
Nitrogen of Chicks Fed Excesses of Various Amino Acids or Zein (Summary)
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Figure 6 (From Table 35 in Appendix) Effect of Vitamin Biz on Blood Urea
Nitrogen of Chicks Fed Excess of Various Amino Acids or Zein (Summary)
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Figure 7 (From Table 36 in Appendix) Effect of Vitamin B2 on Blood Uric
Acid of Chicks Fed Excess of Various Amino Acids or Zein ( Summary)
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Figure 8 (From Table 37 in Appendix) Effect of Vitamin B,, on Blood Creatinine
Level of Chicks Fed Excess of Various Amino Acids or Zein (Summary)
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Figure 9 (From Table 38 in Appendix) Effect of Vitamin B, on Blood
Glucose Level of Chicks Fed Excess of Various Amino Acids or Zein (Summary)
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These finiings indleats thul vilaain By, countoraeto the texdelty of

4

glyeine, leuedne an’ seln alwost cosplotely bul desn mov overeons the

grovth deperession enused by toxicily of wihionine, eystlne opr lysine.
The bloed neaprotolin nitrogen level of chicks was elevated In o vitenmin
B =iaficiency. This dirfferencs waz observed oither in the prosemge op
gbeonce of the individuoal smine aecllsz added,

The results ebbeined from Tables 24 and 34 end Pigure 5 indleszte thail
the anlno oitrocsn levels were 1ittle alfeebed by the nnino coi  surnlos
monts when vilamin "‘m was supplled exceopt for lysine and selhlonlne
whers the lovel was slightly ralfsed. The addition of these oxprriments
to the viltenin Elz-d&?ieai@zﬁ; diet 414 not apvreclsbly sifeel tho anino
mdbrogen level excopl in the ense of alenine whers 1t was slishily ioe
ereased. Vitamln Bys consistently lowered the amine nitrogen gontent of
bloed obbained Prom shicks receiving dlets suprlemente! singly wit
varicus saine aclfz or with no supplemeaial anmine aseldas,
tate presented in Tables 2% and 35 sal Flguve 6 shos thei the lowsl
of bBlocd ures was incrsased In almozd all cmess where the anine acid

supclescents were fod,  The edditlon of zeln, howewer, rosulbed

decrense in the bleod wres level bolh in the prosence and sbaonce of
vitanin E.‘!R' In gll cases exoept vhen 4% alanine wes added vitamin
By» correspon’ingly deowesse! the urce nitrogen wvalue.

Only slight changes were obwerwed in the lowals of uric celd (Tables

26 and 36 and Pleare 7) 02 o resuls of Poedine high Lowels of enino solis,

“hen ndequote vitamin By war cdmindstered, lewelne end tyvesise supplo-
menbtatlon resulbos in 2 alight inercese. Vhen ne vilemis Dy was gup-lled,
plutenic cci and tyrosins feelin- also produce’ ollirhtly hizhsr blood urde

zel dovelee win, on the othor hanl, Jdeerensed the urde aeal levsl when
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aduA%ion of 46 cvatine, lyelne, Lyrosine anl slanline, howower, deeranasd
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the bioo. glucose lowel slightly in the svessnes of sdequate vitanin ﬁm.

supplemoats had 1i4ile or no effeol on the blood

other anl
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uned, viteoin

glucons lewel. In all ossen, cument when m

b Lty degronsed the Lloo glucose lovel of ohicks,
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Lfont of Yitanin © Uyp ang imdine feld Ipbalevee on
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Glucesse telorence boubs were done with vitemin ;wmww eod ohlicks
o ehlohs roeelving vitenin Dya meeviously fed elther the baoel 2let or

the basel dlet plus 47 of o single added enine celd,  The roculis are

civen in Table 29. It was obsorwed thet vitomin Dygpedeficient chicks

conglistantly ba  highor bloo! glueese levels during the fest than chlcks
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recsiving this vitemin. Im gsmeral, the megnitude of difference was
Jittle effooted by the sdmimistration of the capeuls durinmg the 4 hours
tost peried, 4An ineresse in the urie seid level did result from the ade
minigtration of glyoine or sein which was more proancunged im the ‘whioks
receiving vitamin Byae After 2 hours when glycine wae given a slightly
highor ereatinine was also observed inm chicks which had peceived vitamin
312 than in the vitaain B,.«deficient contrels,



CINCUSION

The growth inhibitery offect of 45 added plycine or leweine in
vitanin ﬁlz~éefiaian£ ghicky eonfl mo the obserwations of Menge nnd
Comtis (1950) and ¥mehlin gt pl, (1:51) whe reported rlycime touleity
in similar chieka, The fret thei erysialline v btamin Byn wnn effoc-
tive in overceming this prosth iphibiticn whe. . ainistersd by sub-
cubtspecus injeetion no well o by ornl sdwiniztestl n indleadoz that
vitamin Hys I3 necezsory Jor the melabolism of cxcess omounic of these
amine aelis. The grovih depression rezulting from the feeding of the
ercess amino colds apposrs do be due to an iobalince of the sanine seid
for yrotoin synthesls. Heocsuse vitanin Byo Dunetions In tho correction
of the aamine aeld imbalanes the subthor sucgecsts thet vilamin 312 mirht
zloo e eoncerned in transsminontion. Sinee pglutamie neldd 414 not ine

hibit growth when Ted ot the scme level the spparont ineresse in the

*

Y

rosuiresont for vitemin Iy, cannet be oxplalned om the basls of an ine
grengsed nitropen intake slome. The resulis of Zenge and Combs {(1950)
elso support this conclusion. The greoeih inhibitory scotion of zeln
may Le expluaimed lorgely, LU mot entirely, on the basic of fis levelins
content. These findings revenl thit the levels of certain emino nelus
erert 8 conslidereble influence on ithe dietary reculrement for vitanin

5

ﬁlﬂ‘ Prectical woullry mtions vhich include larpe nounite of corn and

it

goytsan oil meal eontain rolatively hich lewels of beth leusine anl glyw
gine. oinee these smno zol 8 have been shown to inoresse the meed for

vitenin Bya, it fellow: thel ocuch retions should esnin greater cmounts

of thiz vitenm'n for best remalts thop woull be ro ulred with retions

contalning o more fovorsile andne seld balinoe. These expsrlacnbts GO

firm ths  ports of rosehke g al, (1948) thei v use of on amine aeid
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mixture simsktine szeln, rellsagw aynptoms In chiscks osused by the feeding
of zein were due Lo tho cumudstive aetlon of the salne seld consiltueonts
af this rolein. Txooess lovels of certein othor enine sel ¢ n the dist
of yitanin ¥ lzuéﬁfl“iam"c ohicks nlso erxerted procih inhiblitory «Ifects
which wers partislly counterascted by vitamin Iﬁm.
o whsse anine sel s would also be sxpected 4o Influence the reguirsment

Therefore, the levels

for iniz vizamine. similsr observation wer rereorted by 08t (1942), whe
found that the vitamin Bm re ulremenis wore inoreased by loclusion of

dried whey, zllelfs moel and certsin othor moturel rroduets into the
diet. Hartman gt al, (1947) elso shewed thot the witamin Eﬁl&: recnivenent
vas inereased as the rrotelin level of the dlet wae increaned.

This findlng Yhet the witamin I Lm resuirencnd 3o Influemwed by the
lowels of ceriain snine =el ¢ in the dlet in siniler Lo that of Uroschie
and “rirgz (1946)3 Croschke gi al, (1948) and inderson =t al, (1951),
who found the need for nlsein 4o be ingreascd vhen chicks wors fed &
dlet conteinin high lowvel: of either glyeline, slrnine, leugine, arple
nine, sspartie aeid, glutamie zeld or threonline. Vhen there swine selds

ere fold singly st o level of 4% to ohileks rocolving = unizcin~lor dlct
oreath Inhibltlon resulied shich could bu overcome Ly the inclusion of
nicein in the diebs Thess workers further denonsirated that the growth
depressin, zction of cein or celstln .n chieks fod nloclo=low Jlois
eoul  be duplieated by feeding conmblinetlons of the sminc welds whiech
they eonteined. ‘rocchke snl Iricgs (1946) demanziralel ihut plycine
wae high'y "pellagregenic” when fed to ehicks recalivin: nlaci nelow dleb,
snderson gY al, (1949) sinll-rly showed thot the ohiick prowth vasr Jeprosse
ad by the saidition of certain anino seldx Lo s loweryrlcoxine let. n
thie esntrary, 17 sufficlent oyriaxdne wes present, gresth s ineressed

by the nldition of the snmino seld. The ability of certalin vitamins 4o




ogvercome growhh inhibtitory sollon of exvess anguntz of individuel anlno

R o rate hes been reporbed.  Tinning gl al, (1949) rerorted that

gre Wly redused

the grovth of rats iningy Y00 glyelos wvas

g lvelne

et

1 dus liver
loprovenment in rowth mls. Wé‘@ ant
Gincres (1946) foun  thot hizh lovels of glyeine depressed growth of
pyrifoning defieisnt rots, ot that the cuprlementation of 1 ng § of
pyridesine bo the dlet owereome this Jepression.
Hartin (1046) domonstrated thet cystine, trypio

idine, plyeins an? glutamic zeld were oll mor

rate In o ribeflovinedeficient dlot than they wore when the pame Jdiots
wore suprlenented with riboflsvin, These indieste thei witamin “3.2’
nlaecln, pyridoxime, folle aeld ocnl piboflevin srs reculred in the
awbabolisgn o anmine celds or rsrotein.

The cboeryatlon that  viiandn 0 =lellcieney reenlis in on ine

erssse in bloo! mensrobein nitrecen, smipo nitregen, ereatining, uren

and glucoss level  in agreesment wiil those of Charkey g gk, (1950)

wbo found thet bloo’ of the birds recelving vitemin By, contained less

oy

surad than

nennrotoin pitrogon and less of each of $he anlno sells ow:

A4 the blood from biriz Jdeprived of witanin Dy, ool thet the birds given
# m Y

witomin Em oron MmO m;‘i‘lj, e botler w,a(ﬂ}ﬁ"} e obinined st lowey
blood lewsla of amin: nelils, they sugrested et one function of vitanin
Ben 35 %0 ephanes utilisation of eertsin smlpo ccl » *o Jorm flxed tizoue
protelins.,.

IV war also found thet the additlion of niiviiual emino zclin, oxcept

?“)

dutenic seld, at o lovel of 47 maulted in grovth devressien anl sb the

5 e time Inoroemnes, sreortions, o the nenyrotein nitrogen and

uren levels of the blood. This observntion is comparable with that of
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by foas &k ls (1050) that ke acurce eof emorgy in ihw dists cvorie

c tanrieed nPfeot oan the recuiremsnd of nice for vitamin Z%m. these workors
foun’ that the need for vitamin By, wns inerensed as the rercentags of the
total energy lniale suprlied Yy enrbowsirmbe war ralesd at thy expense of
encrgy from fot.  These workers csilmated twe nossible funeilons of viilanis
Byat (1) vitomin Byp may, 1ike thiamin, play en essential role in catabom

lism of esrbohyirate or enrbohy.rabte like reoidues of rroteiny (2) vite

b

n funsbticrn in the enmvorsion of 'ntewmedintos formed

snlin ?’»13 my hove
in the motabolisn of corbolonirzto nn’ nroboin to fats {(other then fatly

snel 3} thal are required for optimam growth. Thrt the delsterious sflocts
of s high protein or sminc nelds dlet may ovareone by vitanin &m v P
geste a further role of viiaomin El? in rrotelin or amine sedd metabollan
other then comversion of carbohy roteelike resilues of Tot. In sinlley
stadies with rets, "eCollus sn! Chew (1950} oblained resuits whieh ausrssted
thot vitsmin Bys 18 lowolved in the esmwersion of eorbehyirele into fet.

Wi

The presont findings, as well s thore of olhwry, revend

vitonin Bys s supplied 10 Iz pesuible to use plenl proteln consenirates to

&

a Par grester e:ltent in retions for ~oullery an’ other sanlmmls. This hae

Feln

1

slao been male possible in Jdecreas!ny the amount of the zors oxpensive
anlm! protein concenlreles previcusly needsd in these rotions.  Thus vile
amin Byn hso served the surpose of stretehing the avallable supnly of fiah
menl, mont gerans or obher anlsel preteln concentratosn which has selvays

been ghord, Therofore, vitanln ’?’1;? is of oread ioporteonce in pracileel

peulbry rationa.
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The groewth of wilianln ﬁw@zﬁmﬁmm ghicks was inhibd ey the

o ha®

2 i o, y ol i I i o Y &,
addiblion of 46 leusine, 46 glyeins or &6 o 8F weln o H©

«dr Jlete The

siminlstrotion of vitanmin Dyp by suboulsoecu. .njeclion or Ly oral fde

st 2

[P RN QS ) . Bt E e rompmgtr o F o Yaed %, g, o i 8

mindatretion counberact d this groell: lohibition. The growil deprossing
4 & A owy sy e R SRS G PR S o e o a T o . o W Ty o

aedlon of soln can we alirilmded to 1% leusline contont. Tyrosine and

-

slmlay growlh Lubibltory

N PO T SN SRR
aoperbio o0l fud ol Lhe

rilelly offective in owerooning

effecis albhout vitenlin 32 wWeY only
the oyewth jopreosslon. xeess of alenine, molhlonine or oyitine alse

depressed growth oven when vilsnln Byny "800 BUPDH died. Glubanmlc a@lid and

Sred blior offect in

lywine, hawever, cxerlod only o very slight oz

the presence or shwence of vitemwin B, .

&

The addition of &7 glyeine, aspartio seld, sothlonine or & te 7%

2
&
e
4]

Lo vitanin Emm;%a:zf‘iﬁ:imﬁ. basal Clotes inereazed the mordellity ehile

the addiblon of 40 gluiacde neld, alanine or gyotloe hed 1101e elfect.
On thwe other hand, ihe sortalily of ehicks fed the vilamin Mm =~lelicient

lezs than

dist containin, oither 49 added leueine, lysing or iyrosine was

a » A

2 oy I . .
wins s0dde Tdminlobrpme

1

et ol ehdehs fed the some it wodhoul e added

Pion ol vitemin Byos howsver, markedly reduged the mortalliy

the soine seld meluded in bhe eb. Then vitenin B wss ou

C lovels of enonh amips seld to the dlels 0 mob oporecicl

ganl far

var eonl oeriall

nine sl o bine., Those smline sl

I3 »

fhe ehlek bloo? lovels of nonproteln nlirppen, amine nliropen, urca

nitrogeny oreatinine an. glucoss wore glppificantly slevated in o vitemdin

Dielency. These diflerenees wore olso generslly obosryod In chilcks

ﬂwné

megalivl

aolevele of ipdivid uel emine sel s oenceptl for sothdionine,




The addition of different emine scide st o lovel of 4% to chisks dlats
resulted in an inoresss im the lovel of no
nitrogen with a few exssptions. In the preseme of vitamin Iya, the
foeding of 4% additionel glyeim or msethionine resulted in an ilnorease
ia the bleed lovel of creatinine. When vitemin Bys was aduinlstersd to
ehioks fed diets conteining high levels of glyeline, leusing or seing the
bleed amine nlivegen was deeressed while the bleo! uric aeld =us Coryodw
ingly increased. Although the blood glusese level of vitamin Byye
deficient ohiokes wer higher slnost withoud eyseption than in chicks
roveliving vitenin kﬁmg the inoreane in blood glucose resuliing from the
foeding of 4% giyeine, mothiomine or glutamie seid ras grester whem
vitanin % was supplied., Possible smays in whiech vitamin Byy may
function in thoe petabolisz of saino aeides and glucose cre discussed,

nprotein mitrogen and urea




mm&m:mm.ammﬂy mme@ﬂm in
igestive wwa; of the ! oo ;; Sodence, 1101566, Pz

&, 1928, Isterrelations betwsen choline, betaine and
Salenon, J0BSTIR,

in m m 34; mgt VR0,

N— 3,0 G, P @mg nad G, ¥, Briggs

B, Su; 1%@* Soue o
lmm 7}':';» 5 'rf. v .

on's abilc methyl fres hessay:
m Mﬁ m s P

Bomwtt, Y. dey 1950, Utilfsstion of howduyst or growih in prosenss
of 'vitanin By, and falie satd, J M* M,

% 5** g* m# and G, Tosunle 3,% Srerth of AlDise rats
& chollnowfrey ams in uklﬁz Wﬁm iz the enly sulfure

W’ﬁi By Rap sad G, e T—— stimel and liver fud 4
the mbadalic @mﬂ'&iw @f Wmi 7. Bled, m,

maxﬁﬁmmﬁ ﬁm&ﬁ Beinle, Rs Anber, and f, N2
'Ew&i,i% fecrvatsons on sticlogle rejeticnship of us

m Mﬂ Astivity of witamin foud
Emw% feotor, m Emhﬁ de M.fmm g o

an; and lemera, 3. B, *&iwws uﬁﬁw of Mmg betains
hionine in dusklings®, Cenedisn Journe seerohy vols 27,
o608, By P QMQ Msv 1949










SGCLNE *uOTeTaNEE CP  gus eyl
#mmmmmwmmw Wtaawl{ !

W *m ﬁe *m mw o M o oTRYL J0
x4 v cvpEeD *d K3 w *s *x. A B

sdxy *305 *08aL W oy Wy Eolmssand ;#0
SPWISA PECEY fuwmapiy *v °F tuw &



Oy 85 Bosuy 1980,. mwnm:a s

m“ B 3&# &-M Siad, % ’




M@ K?W }El* m ﬁu &g ‘» s z.f?my ?i?&'m Bw
smomin, I, Bffect of mwnm syotens
I’x‘w t& f loebings “yo Clinic, 233584.

Brll, B, B4, an? T, T, w&ﬁﬁ:ﬁl}w AL V4 Yol %sham;zy m pemm&m
amemia, "T1. “Bfeet ub the pecsrel eiimton Znc nenrelagly maie
s'wm&iam ?m; sm‘t M Baypo Clindoy mﬁuﬁ%

Ball, Oy Au, end Vo 74 Trill, 1948, Lipotrople effect of liwer extvact
55 ¥ bepatde imduyy in reis. Preoes Toes Uxpe Plols amd
Jﬁ«h@ {3

Hall, B, Zey o H, Sorgan snd I's C. Caaphell, 1%4%. Orel admindstration
af" vitanin 8,. m pernieious avemie, Xe Presenss of insrinade
i‘am in BalfSefeliefiliores peoled human geaitric julset rPrelimine

s¥y report. M Staf't Heotings Nayw Climta, 24699,

vitaning fop

1942, Cow maaaye as & sourge of gerbain
@iﬂﬁkamu Poultey Sotes 248554

tryden, and ﬁ* é‘m Cary, 1349 , 1 syztheslis
gnfdentifiesd greowthwpronc ting fmetor, Fod. PFrog.;

Rarboan, 4. ¥y % X mn, m Ca .a.. tmz-;y }m@. A rols of vitamln By,

m Po By } Ba % Caepy and W H. Susmersong
Chamialrys P. 492519,

Hegeted t%i By Ca T mw%@%%i%
Tothe mdrition o mi 1382

ks, 3; Chan. 1382459,

mn ani ¥, H. Jubes, 1948,
to the antipornieions

Borewiis, 9, Hy, e 0 ¥, Booulle, 1943. 2 micvobislopieal m‘@wﬁ e
?wﬁgatﬁm%w &wli&a by use of a mutawt of Jaorgroois.
E 2 B i ‘.""’ -

Hatner, f e ﬁa Provwasold, ¥, L« R, 3%%3 e B, Boffuoon, m%
Lo & Mzﬁlﬁa ani Tg !'ia wmkmﬁ 1949, hamry of antipesadnious
anouda fsetor with g, Prog. Coo. Ixp. Blol, and Med,, 701116,

oky 2 Ty Reberte und 3, N, Fangs, xm
o piska, Toultry Seie, 2

J’M @. {2; mﬁ;& ¥, m, 1948, Chelime Jlefiulensy in the baly
. Bt ony 36

skoey T Koy 1040, Effest of holine ant other supplesonte
L M@aﬁ,

m Te Hop 1950, liewention ol ovisde by obolliem Je Blols Chomey
1344709, : )




Jukod, T Hoy o Lo By Stoksted







w‘w 3"’ &*’ x‘m" Lteryelablon of " ‘
 avtion of betalne 3& mﬁm&m ﬂw&. Am a&m,

mwma Bay 1948, The intezrelatiens of clhielinme amd glyoisme
in the the growih of the ghick. Aveh., Bioshem., 184437,

Noden, 0.y 3, P. Fleyd, and 8. 5, Cammareddl, 15ié. The symthesis of
’16 mwm?ea»w Qmmumummmhm-
sting ao the osly sulfurecouteining amive weid, OGrgeth, $189.

Mmt 3&* Mt QM ﬂ’?&m b o thie

I wﬁ*tﬂ. m, m o of vitasin B,y and tig

11 sction in rote,

tam 2950, Gl trestaeist of pernicions
gibval wusoss and vitamin Byge PIOG. SoBe Eipe

Ml BBhy 3& ;&ﬁ 1% & M ?t ﬁw By Poguirements for laying

.‘,.j : B' E&ﬂ m m % }‘m‘ | ‘. Wé :‘gh ﬁg”:
3: mﬁm mﬁ tary ebioline requiresen hlglrﬂ

Bloboly Co A4y Ls 8 %o W Cravens, qud C. As Elvebjem, 1949,
sotivity of vitamis Byp fn%'mnéa&mﬁ. “Proa. v, Txpe
aiﬂgmMg«gw







v $BTa0NN. 8 *’s M *4'*: **u kg ‘Mw

% m*wwmx i Tt o R A ‘
,,~Wmmwwﬁg N susedin vt ¢ ﬁ ﬁ%wm

 ap oypand yores aag ¥l wp
W05 "y *L TUT ENOTN *T *Z R *;n‘wa

T

-se@mw “avet ¢




R Mﬂ‘ M?M xmmm-
#’iuiﬁu 'An the fages ir boms, Yeultey Bess, 251526
it By ant X, R 2w w " Sastor ;,w

Baatton to quealitg ans welity of mm an oid meal z:m







125

Swith E* u,, Be GQ m’ e e Ql‘m‘mﬁﬁy‘ :Lg. ..; eoxi and f, me’
iskd, "Vitamin B,y & cobalt ecmplex, Seiense, 108:134,

Sk e 1 P.l 3 m!‘ 19 V@W&B. mm in
%MM? Ch&;: m;u ing, mw;* 682213, %

Bmdth, iy Gup and He Js Bobdnzos, 1948, % loflusnse of Struplempein
e )&Wnﬁmzi oo the mmfm flem aﬁ wioe, J. Beoty 501615,

”Pﬁyﬁ, Ta E“} Be H. m&. Ga Go YM * M%am*, Re ng, ”Wg
Teosy T. Avanbure, and 5, Zartae, i?& . ‘fmmtiw ApF Niam of
vitemln Bya as 8 Sherepeuiic sgent. J. A B. 4e, DI953)

Splesy Te Dy G, ¥ Vilter, J, K, Gline, aod ¥, 8. Prosseyer, 1946, The
smtimﬁm of thowine for folie eeid in the trwmt of" eperacytis
seadss in relapue. South, Mods Jey 39e260,

\%@m’ de 2., ¥ 4. Ponmett, K, Yelss, P, Mmm, snd 5. Velss
sulfur eenteining snino eedie in provih ¥ith & Wlabile mothy i
dlet contelming vitamin Beaw  Fo i Vaw e 9 a3y,

5 Je Loy and K, Welpw, 1950, Vivemin mmwmum
*%ﬁ-b‘ froe of zethionine ani oheline, iols Chen,, mwa
£

: 35 R. aod o, muﬁmg AT5%, m&i@g af W#m f@f' ﬁm
By iofiod ok amm, Pros, Sce, fup. Bliole and Hed., 76993,

%ﬁ aﬂg ga s m; m H# ﬁ# mmﬁ lml WM @fﬁm

to liver bwaophilis. Proe. Jeo, Tap. Blels and Med., W¢5%51.

Stetten 1%; Bolopienl relationaliips of vholine, ethnnole
u:im r;ﬂ ted gompounds. J, Dol. %wff 1380437,

Stolwe, 7 Le 1944. The sobetituticn of thyelm Pfor folle ecid in Uw
mirition of lactie seid taetoris. J. Beety, 481202,

Steketed, B, Le By, e8d T, 5§, Jukes 1’9‘5&. Vitanizn Bﬁ and sormn of ite
interrviaticnnbips, Abet, of 117%h of Ally Chon. Seofy F. 124,

E‘;w::&, Be Iu Reg W Ts Hs Jultma, 1951, mg* of Mgéaslm of
tamin Byo upea grovidh response produssd by sureomysin In ghieke,
Prom. Joc, Ry Bﬁ&l» and M@g 10173,

stokstad, 7. Lo Ry T @, Jukes, J. 4. Eroskman,
Broquist, 1058, Helation af vitanin Bygy to vitamin Bio and the
blelogisal setivities of the sempoundss "Pod, Pros,, YF°122 and 235,

Stoketed, =, L. Te He Jukns, J&Wﬁﬁmni and 2, Ly
19&5 ‘fb; anlt&pln nsture :;f im*mmi m%ain Mpator,
% % Chame, 1803647,

Burey Bey and L, Fasterling, 1950, The pretective seiion of vitemin Byg
against the toxlcily of DLt zovine, J» Butrition, 42122%,

- ?# ‘m, and Eﬁ pg’




m «. “&f *n &tf Mg ﬁm Qﬁ m; 1“3: mmw *m

Susker, L. U, and T. P. Zubker, 1948, horins A sutwitiencl facted
Wumminmmﬁmmm. Aveh, Bloghen,,



Tifest

of Vitamin B

s

L ER ol U
or “ein (Gdmmary

loeks Fed

Suprlement

Fumber
af trinls

g2 4% &3 &

TR T

it 512

4 Tyrocing

36,2
4hiad

(lﬂﬁg
{122)%

(126,9)
{126.8)

&

4% Leleucine

L0 Vil wendo

Wia by ke

¢

ooy yoacie o i
A8 4‘.5;""{:3?"@%«54. H

i

<

PR D8 S T F e
{g,;:v F R TR TUO SRR W ¥ CX4

ran,

The
yolue Tor L
dintuke

METE AR Dy

. R T T
A PR B 5o

4040
“a'T

{104)
(10642)

(11§‘§g
(120,53

36,7
3746

{100)
{162.5)

35.G
FATVA

éﬁm}
111.5)

40U

L340

(200}
(107.%)

JE.G
fﬁﬁ»ﬂ

(100)
{105,3)

465
FACIRY

S5
FASINS

(125,3)
Li%?dﬁ;

e Lo@l Lo
o (Y ne 4
©oreeedy o or adeouste
@i e

o
N W
i x’:‘iﬂ DAV

+

+

A M R -
e R VL



&

o el

NI
. .
oy T
S " W
RS e A AResmrniy & L e
¥ il a & ;T
o {105 .19
- ¥ wtah B s
. 1)
i
4 sy F "
R ty e
s e o iz
21 g
31 gl £
-
N P
& L
.
%
. ;
&
H
H
&
oY wy Pl
(%] ek 5
;
i
-
. "
4 %
- i
-
R g
o el
P




aeiseunini e

» ,J'K
*, -
) e e ;
W : .
. < i
% . *

ER o ¥ ieg
e o

§ 0
y o

B

&

i
2 Y=




L]
§oLnEmher

F - T 2 5
tol trisls

3

A

L

wr ¥ e

. ey
NG
ok

a5
10 ‘l’;.lﬁ
o
P

o g oall
LRl

i@%

R AN
WL
Y

e

Telrraing

a

s e .

Bom % g
It TRl e

ook

I
ol

st o o iR e,
_,,3"&"%* 3,333:&{ e

el



L o s
£€ RN

<
W

[
=i

*
Pl T » e T T R T il
A [P Fuk piate g ML #
g B g" oy
o9 2 T ¥
» 's
I 4 angh o PP o
) 5 WO D ‘4;’

2 i
ada 4

75" gy

ol g ors e
i wd £ [

(ool 0nge
(25251 e

S ¥ £
w’;‘i‘ (:}J
o, o W
bk F T
0% A
o7e v
oy o
*{'ﬁ;’ L ]
—
oW > @ L
HE IR0 S D dbah g s M?
A drgs R ]
efcn &3 £ L
H H
e el L4
é"l'fs« o 5, - g
oGy “ R
- o0ig orm, 22 ey
Lt i 3 2 AuoEs Tl
E H
- Wy o Ld 2 @ o s
{az e 3 GO oIy

JO TOCEBON, PR GMUTML  J0 TRALY

Ll A\"W:‘
SITOTLEALS DOOTY U0 Slg UTRugTA 06 0wy

w ¥ Ree W £




130

e «»}‘é.wa:m*“'“ﬁ Teapel of Ohlekn
v_.:xiiifs (M“w e % B 4 m“)

Zuprlenent

hew @8 =& =3

2y #
e

FE e o

A Yy et

3
i

A5 Teleoging 12540

-y
3 1 7.
e .

e
e w -
P e Y&
e - o Yt

o3
£
J’
\1‘5
o
¥

v Vo

E A A 2 i
LE Tatrvroning 3’ v 5
o -

o 2

A AT

g Sl Ld  Eue
, £y
fof P

0 1 1300 (m’z.iﬁz
e, LR {10072
— +

38200 ST

o
EY
-4
]
;m
i

*



