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IIITF^ a  TICf!

Sine© the iso la tion  and erytlmlllsmtioc. of vttsm in  ^  KW*** 

&* i& (1943) ©**£ by Swlth (X94S) eattonsiY© atwdios claalitsg wills, thie 

vitamin few© hmn uado with hm&m tm l certain  other esim lo# Xu 

addition to p^w©stiag per&ielou© anomie in towmm9 witmmim 

been found to psmot# growths, of young ebioku, poulte, a t s ,  pigs# dogo 

end bacteria* therefor® the impoarimm* of vitestln S22  i»  practical 

nu trition  has bee&se well established*

f© study fu r th e r  the ro le  of w itaa in  ©32 *** 1* pertedto  to  poultsy 

n u tritio n *  the ©xperistente reported herein  wer@ conducted to  determine 

the 1 nierrelatlon&hlp© of vti&aija B32 and the Mologic&l a© in f la t in g  

eo&pouarfs, choline* betain© aa , inethia&ing* la  addition* a a ta ty  has 

bees jcmclo o f the ro le  o f Yitamia in  ®mlm acid  eietebolisa#



revt \  or L ir  FmTtm

* 'detiovery arid ls o l  tio n  of Vitamin Bjg*

Several j^ a rs  bofor© the iso la tio n  o f vitam in B1 2 * i t  was recog­

nised th a t  the inclusion  o f animal p ro te in  supplements in  ra tio n s  fo r  

pou ltry  ana swine provided an unknown growth promoting substance not 

supplied by feed s tu f fs  of p lan t origin* This unknown fa c to r  m s  studied 

in  v e rio ! lab o ra to rie s  and was given such i s » s  as * fa c to r  3C% the *eow 

m acro  fac to r” , fr«©0ph©v±mw and. flaM sal rrotein  factor***

Caxy J& jyL (1946) m portm l V a t rat® required an u n id en tified  growth 

fa c to r  which they named fa c to r  x m r r l i e r  stud i s  a wi ifc c lo se ly  re la te d , 

i f  not id e n tic a l# fac to rs  hn- been conducted by o ther in v estig a to rs  

engaged in  p o d  t ry  n u trition*

As ea rly  as 192?* fterkkurst reported th a t  a o r ta l hatch--.hility of 

egg© could not be obtained unices breading ra tio n s  contained p ro te in  

of and-sal origin* Subsequent stud ies with poultry  led to  th© postu la tion  

o f the ^animal p ro te in  le c to r11*

h ile  the nttsdie* with rats and poultry  wmrts underway, another approach 

to  the id e n tif ic a tio n  of th is  im ld ea tified  fa c to r  vims made through m icro- 

b io lo ^ c a l  steSisB# Short* (194?), i s  an attem pt to find  a microorganism 

th a t  would require? the r a t  growth fa c to r  described by Cary Slk (1946), 

no ted tfcet the organisms, fraptobaclllttp i.&otls* Porner s t r a i  n , required 

the two u n iden tified  fac to rs  fo r  growth* One ©f these mo a h o a t-a tab le  

fa c to r  found in  h ighest ooncentration 1b l iv e r  ex tra c ts  reported ac tiv e  

fo r  ro t growth* Sliorfe (194?) showed th a t  th is  factor vm  present In the 

refined- l iv e r  e x tra c ts  1b mlmoot i in ta p  ro ltttlco sh i © to  the sctency o f



th e se  e x tr a c ts  .for e f f e c t in g  cnr%& in  peraieS.oiis annals  * u-v^-

goste-d tiv *  f a c t  r  M g h t be id#  act,lira rrln cip le e m ie io u s

asea ls  *

Hlclcea ialr* (1948) 1b th is cou n ty  Stdih &1* (1948) im 

s'agXani sirtutsseoiiBl;r and irsdapsfidomtlg isolate- the b io lo g ie s llg  

active o s? ste llliie  an teria l froa liv e r  coaeeixtr&taa la te r  fenad to bo c lift-  

le a lXy active in  the treatment of pernicious anemia* dhorb (1943), cos*** 

f ir *  the a c tiv ity  of th is  substance, te n ta tiv e ly  niscd vitamin Bjjj, ss  

the ffectar for ^atoba.c.l^lu^ liyg.yLf * Doruer strain* *?est (1943) &Xso 

oastxuted * i l i t y  to atim lafc# blood regeneration am! to be off©©** 

tiv© in tins tree tarn t  of the neurological disturbance of patients su ffestog  

from pernicious anemia#

Bmpertlti-a ©ad Ches&eaX Ce&pealtlon o f f it a s ia  %g*

Y itealn c r y s ta llise s  lr». the form of small rest needles* I t  

contains cobalt and. phosphorus (sm ith, 1S4S and Rioke# at *sj.» 194$)* Xb# 

aolecular weight hr 3£**rŝ  exyatellogr&giiiy is  1550 to 1750* 'poctrc^mptti© 

an alysis of vitamin appears to  be & s ix  .group e o .n lt  coordination 

eostplese* Y iiasln  %2 &* however, docn net contain th is group* fhe re i 

color o f v l toads. B££ in apparently a jm cla ted , t  le a s t  im part, with i t s  

cebalt*Kse©plex: character* Cobalt has boon recognised as a n u trition al 

eeeenfci&l in  ruminants in which cobalt deficiency resu lts its a typ ica l 

anemia* I t  hag be#n found, however, that in jection  o f vitamin does 

not cur® cobalt tlefie* in  sheep# Witzo$mi i s  a lso  found to- b# present 

but ©ulfur is  absent* M icrobiological assay has shown that vitam in B'%2 in  

msuoom solu tion  i  stab le hy ctttrolavlng a t 12X°€ for 15 aln# but i t  i s  

not s ta b le  upon standing a t  roox t#ia|^»tur«s or by eutcmliivifig: in d ilu te



^odiuo hy,.roct:lt op hyureahioric so lu tio n  (..w |y ^  v43| Brink

ctf i|.I« 1949| Kc.csIsa ^  al* 2949$ £ ,-chcl clioolgerij 292-0)* Vitamin

^22 ^ to  coatciins IK}, Ml and Of! groups* I t  is  Icw retaieipf*  The ooleoule 

\» not ep tide f oin.cc Igfdroly -its of tin, Yltann. cat© a(«ttmin©

acid; ‘u fusion of vit& aln firs ts  duets with

satLyKr^dscbCiCsldg^dc: c h a ra c te r is tic  of c e r ta in  0 7 0 X5.0 f lv o -iae j^ red  

n itrogen e©iitainl«& oonrom  r incluaing  ryrro lcs * Kxialp&ic gives

■■jSwi.oiA hj *'4SS*»9̂ i'i2<4 MXjM’Be (nid.im jy^

fitaain Bx2 '* oKB froo tds*' mist© vitamins of ids vltgustii
*"12 gxw*? oolcilg By the presence o f a eyano group, ao&plex^botmd to  the 

CObcJlt atosa (ids©ska. s i  1949) (drink .at n^* 1950)* during *o, o&id&ticto 

of vitaais. in d ilu te  su lfu r ic  sold a t  0° s l th  ^otaseitift perm ngam te

the c h a ra c te r is t ic  odor of hydro&ea cyanide is noted* Hydrogen cyanide 

is aiao X. bom ted rou.,.ily upon hooting solution of vitaiala in hgrlro* 
chloric. acid or aqueous c&nllc acid* So cyanide could bo detected  whom 
pure irXtaaim is treated with m m lic sold so lu tio n  (drink al» 1950)* 
X r^u 'ten t oilfc cyanide reconverts vlt&saift to  v ita® in  Bn2 (Hrl.ak qt  &^*

1950$ faozka at -sl« 19501 Veer at al. 1950)* The extror*© lack of tonicity 
of vitam in reported  by Blister and lAinliatt (1950) in d ica tes  th a t cyeae

grmu t ig h t ly  bound w ithin the eoerdim tioi*  complex* lev e ls  of

1*600 sag per kg, both in trafm ritcm eally  and Inbravsnouisly in  ialc® produced 

110 d e a th s  o r  to g ic  m n ife & ta tio a s *

By of tmpnr a t r ip  c h ro m to g m p fe y  whan vitam in $uboel&ife&

with th loot* l i e  c e l t ,  vitam in Bjjg 3s transformed in to  a new easpom  which 

i® d ie ti& ct from v t U ^ u  $2%%* The vitam in Bjj^thioooXic ^ofd reaction, 

product is  r'?©re potent microbiolo h %lly than iritmads



pin!; f i c t i o n )  lias been from vitam in W  s i l i c i c  m id  chrowm*

togmphy mxi boon shows to  haw, d if fe re n t u l t r a v io le t  sis- " icdb ls

absorption -peu ira . Vitamin Is  found to be equally e f fe c tiv e  as 

v lt:u3 in  Bj2  f o r  r a t s  s iu  f o r  Immsas s u f f e r in g  from /ddt© onion p e rn ic io u s  

anoala a ;Owe- rusu a c t iv i ty  fo r  tlio too eonpounbe .for the c lick  and 

La'tiO„.v'Mi..l-„,:,. Xolg.- ?.nnl,t O taJatfui j t  j j i ,  1?50). V itaa in  i s  ol»a±- 

c&lly lo ss  s ta i l s  th&n vitam in && Ity lroly-d with h y d ^ ch lo ric  so ld ,

vitam in &j2  y ie ld s  5i6*<ll:i©thylbeosijd,tmsBoXe3* Hit fa c t  th a t  rib o flav in  

ami vitam in thus be regarded as derived froo a cordon choaieal

s tru c tu ra l i t  igs p o ssib le , th e re fo re , th a t  r ib o flav in  i s  involved i s  the 

formation of vitam in Sj^ its »"tur©* fbaa cyanide Is  added to  vitam in 

o r  vitam in a purple octs own ■' Is  produced by ad d itio n  of free  hydrogen 

cyanide* the te rn s  hcy»r.oeo>jla*iintt and phydroxy<Kiobslasds^ have bees 

proposed fo r  vitam in I j^  ax|:- %2b

Vitamin convert-.I to  v itaa 'a i %2a ^  **<foct±Oft v lth  by regan

the presence of 4 pi. tir&isi c a ta ly s t  (<btcclcc ■• t  a l « 1949)* Vitamin 

appeared to  hm® le s s  thaa h a lf  o f the b io lo g ica l a c t iv i ty  of vitam in Bjjg 

fo r  r a t s ,  chick®, psm tcioua anemia p a tie n ts  and .for b ac te ria  { taig  and 

Chesr, 1950}* th is  le s s  of b io lo g ica l a c tiv i ty  can be a ttr ib u te d  to the 

reducing power of the agen ts, but 1® not tteoeacaxrlly re la ted  to  the ells** 

appearance of the in te n s ity  of the red color*

Vitamin Im so luble In  w a te r , 90?- acetone and ir., g l a c ia l  a c e t ic  

a c id ,  bu t inso luble ther*  ch lo ro fo rm  o r  non^po lar so lv en ts*  ( d s i th ,  

194S)*
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3* M hktdm m hip  o f ? ltaa i&  to  Other Submtrnwmm 
(Folio l©i&9 fhyisin®, Tb& mM m, filersdm D*
E m lteibliie^  F eelers £ n tlh io tlee ) a&d I ts  
Gllisio&l ia©»

Thysdjn® has bm n  yep eriei to  ©erf© mm a imbstltefc® far feU e  &©id 

im the im iriM ea o f X&etle aetd bacteria (Stake#* 1944) end in  the treat*  

meat of taa&m laaeroeybl© ftaetk  (Spies MbM&& 1946)* ffcpiddlatt the 

daam yriboslde o f thymine (a pyvlttidln* mmpwmd) la  a growth fe e le r  fo r  

aem© la c t ic  acid iM ta rla  and. fa r  L&ato)mftlIlua ©train#

ft^naldtn© ia  able to  replace the requirement fa r  ©itas&m j $  l | |

194E)« (Itsymiii©, hewerer, dee© n et repl&e© iritaadu %gj# B&mmm a f  the 

large mmmmts o f thymidine repaired te  replace riteada B^* the two ere  

met comoMerea ide& tteal# f« i£ k t Ms {1944} hare interpreted the date 

to  Indicate that rtteatm  a0ts as a eeees^me

i m the ©©mrerstofi ©f thymine (produced a© a m au lt o f ©at&lytic action  

b? f o lic  a c li)  b© thymidine ©feieh is  mm&mI for the M ^ i f i e t o  o f  nucleic  

eeid  fo r  mm c e l l s ,  amah a© red Meed ©alia and retieM eeytea* the ropert 

e f  Stopper j& M # (1949) ale© aiiggeabed a pmmXh1© role o f e ita a la  in  

the synthesis o f  rlb om elele  m M  in  tha Mirer o f the rat* Qa the ether  

hand* BM m  p la te d  ©at* that thymidine nay be

UmHwmd in  the syn thesis ©f ritaM n 9gg# t r i ^ t  M  £&* (1944) p@at«slat©4l 

t e t h e r  that the primary biochemical d efeat in  pemiolmsa anemia ©Ml 

be tbs in a b ility  to ©pixthests© certa in  nmeledalilea, pastlamlafSar* thyai&iae* 

tea s parent parte©  ©r pyrimidine#* S ta t e  (1944) 9 therefore, a ttr ib u tes  

it o  curative effect®  o f fell©  aeld la  eoiae eaaes ©f pernicious aneasia t© 

increase thymine Synth©©!** a® oonllrssed by the m llm im l rnttm tim m m m  o f 

tbymim© a© a eabstitiit©  fo r  fo lio  ©old therapy (Spies Ms &1 » 1944)# She 

increased th y a te  resu ltin g  e ith er  from synthesis (due to  fo lio  acdd) or 

t e n  a etea l ther&pemti© adadUdatretloa* im te rn  i s  them M L teed  to  y ie ld



sore of t; ŝenile?. thymidine. Hypcre-riMr* dcf*05gp»
ribosides end mrrdnr d r coxy d bod % V*'~ -:.. Xe to

replace vitamin ©© a giwfcb factor fo r  various bacteria (Kitay <gj* a!)L« 
1949 rnf Kof fWorgeneon, 1949). tin. further into rre let ion?; v-oar vit&ain 
Bt2» thgminc, ifcrviidlne, ^ e rire  fo l ic  act- ft3*0 fleeiisred -hive ^  &!«. 

(194$)• They confirm the poo tula to-'5 ro le  of vitam in £^2 la  the biosynthesis 

of thymine and thym idine* Therefore* an the re la tio n  "  ̂ there  fac to rs  

to  ^ m ic io u s  anem ef folic eel-5 - brought into direct interplay with v i t ­

amin B*|p in  the anemia* The key compound in  cpearently  thymidine* fo l ic  

mi mc,kf'- c t"o e a ible ineroesed thymine synthesis* Increase thymine rakes 
possib le ?n increase in  the syn thesis of thyrsi!Inc. This letter synthesis 

further aided by the c a ta ly t ic  ac tio n  of vitamin with the g rea tly  

increased syn thesis o f thyald ln* , b a d e  m aterial Is av a ilab le  fo r  inking 

nucleic aci -s to  he used in the m&Buf^eture of new cells to  overcome the 

shortage chax&etarin tic of anosaia#
hcn fo lio  acid --- given in  ?v ticm ti su ffe ring  from. pernicious anemia 

,.!&» improvement of s©m« of the blood d e tu n e  occurred but the neuralgic 

rlinc-fine not cured unlear l iv e r  e x tra c t was admiMstored. The basal 

defic iency , therefore*  was th a t of soma o ther m aterial found in  the l iv e r  

e x tra c t .  Ilorever, Nlchol jg£ (1949) obtain©! the r e s u lt  th a t l iv e r  

e x tra c t alone die not influence the r a ts  of hemoglobin form ation. The 

combination of 1 'r e r  e x tra c t and fo lic  acid caused a store rapid regenera­

tio n  of hemoglobin then treatm ent with fo l ic  ee l alone. Bure vitam in 

completely replaced l iv e r  e x tra c t in  stim ulating  the formation of hemo­

glob in  iti the? nreceaeo of fo lic  acid* Time I t  appears th a t the component 

of l iv e r  e x tra c t causing tha e tiisu l-tio n  of hemoglobin reg@nore.tlas in  the 

presence of fo l ic  a c l  I s  vitam in B12* th i s  r e s u l t  I ndloatos th a t  vitam in 

SX2 &m 'b Slot havo optimtm a c t iv i ty  unless fo lic  acid Is  present In adequate



aaounts* reform, both fo lic  m is  ©ad v n ls  B̂ 2 mcos^&acy fo r  

tre n ta o n t o f pernicious ano-iiis Schaefer j ^  (1950) fouui fo lae iti

,,.; v i ta s in  appeared capa .1© of re  p lacing om> o ther fo r normal hoiao- 

gl©i'ln lovcla of ch icks, bug * slijditXg lustier liemgl.ob.ii7 l$ v e l m s poa.sibXe 

with a m m m m im n of v ita sd n  suas fol&eia* dost il94b) .noted th a t its- 

jo e tio s  of vitam in B|o iro n  :i ro tlcu looy toa ,rad  blooa e t l i a  and hemo­

globin of htiisana* Binee the i n i t i a l  report. by m a t U94$) tter©  has been 

ample evidence (Beth® 11 19481 Thill. ash Campbell, 1943) choking th a t

relieves! Iiispip pernicious mesun when n m n i ;  t a r  sabeimXIy

t o  p s t l e j r t s  nno So c m n t l m i l y  i n e f f e c t i v e  u!msi g iv e n  by aon fc.ru u im l ly  

attain l •i,‘t<i m i vlt&ssif* however, ha a bom whom e ffe c tiv e  whoa

■'‘itfen in  conb im tion  with husmi ** t r io  ju ice  (Bom H4 al* X9&$j Hall a t  

a1* 1949) *hi.e;" ‘Indicates th a t w’Vents B12 ssio Cm tloe* e rir in s .le  fa c to r  

i?a  e i th e r  id e n tic a l or c lo se ly  re la ted  substances# Bator 'c th e ll sS  S i t  

(1949) ansi Efevor f tl. (1950) showed th a t  the In jec tio n  of an ©aetruct o f  

■cesiocatod swine duodenal moo .&- vitam in e f fe c tiv e  in  pernicious

anemia# They considered th a t  th e i r  a c t iv i ty  s ig h t bo clue to 0. conhin&tioia 

of vitam in  and the in t r in s ic  f a c to r ,  .and svidoneod ihwi vitam in ©r 

a clojjely  re la ted  substance and in t r in s ic  fvictor co n stItu t#  the o ffec tiv o  

hemopoietic srpsnhr i n  hog g a s t r i c  end t i s s u e *  i t  has a lso  been

observed by a^« (1950) th a t  Urn oratl ..a niotfa'fcion

omasiinijsfil tionm o f fo lic  &ci if vdsrrdn ^  <*&&&$ of pernicious 

sm  \le in  re lapse  re s u lts  in  an ex ce llen t hen:-Vologda l /n ic e i  response#

C astle  &»h Ham (19^9) .intcrprcto-' these r© salts on stud lm  pernicious 

saosla  an in d ica tin g  th* o f a s  ia ir l iio io  f a c to r ,  t sifnefcanc?# in

n o rm l g an trle  ju ic e , and the. e x tr in s ic  fa c to r , n substance crcjfidad by 

c e r ta in  foods* th m f p a tien ts  su ffe rin g  from a tleficiouoy o f g a s tr ic  

jis iee , (mnB hcncc lac!-: o f im iriisale fac to r)  f a l l  to  u t i l i s e  the axtrinol©



fa c to r  o f foods and dovalO’ anemia.

ith the isolation of pure vitam in Berk ^  a l » (1945) nr© re able 

.5 dejsonsim te clinically a s im ila r  increase in. a c t iv i ty  of the pure v i t a -..via 
when ;m inistored w it rcct! human g a s tr ic  jute©* 'They' su 'geat* therefor©*, 

th a t the food (e x tr in s ic  fa c to r)  ®&y be id e n tic a l with •vitamin B^* Bua>» 

ih e r , I t  i s  suggested th a t  the function  of the in tr in s ic  factor (in  gastric 
juice) i s  neoeeeary for the complete absorption of vitam in Bjjj« Bark ^  

(1946) reported largo focal lo m m  of vitam in p a tie n ts  with untreated,
pernicious aiMiala* this woolh aeon to eenfirm the hypothesis th a t norm! 
g a s tr ic  S' a i .3 the absorption of .lie vitam in or arotociw it from &&» 

s tru c t!o n  in the upper g& etrointe .H uai t r a c t .

Furthoroore* Berk (1943) end Uagley la  England (unpublished)

in d ic a t ©oee fu l  r©spons© of neurological symptoms to  tno rsry  with 

pu rified  vitam in B ^  which wmc found to  bo necessary fo r  m im l  function 

o f nervous -  e sp e c ia lly  centred, nervous -  c e l l s .

Us# d ie ta ry  rcqu lreaeiit for vitam in is also influenced by o ther 

vitamins* High level* of calcium p^ntothen&t© *md pyridoxin© fed to the 

chicks (Bird, and Hubim* 1943) and high lev©!© of r ib o flav in  fod to rate 
in  the presence o f su lfa  aumid in© (Hartman j&, ^4* 1949) seemed to  p a r t ia l ly  

spar© vitam in h x tm  vlt&min a vitam in d ie t  increased

the growth mnr? the percentage of bone ash (Shofb and Cain* 1949} • It 
wsc? fu r th e r  noted ih s t  toxicity fros 11 high le v e l of fo l ic  acid when fed 

with vitsisla '?*> m s elim inated by ime rests! n* the level of vitam in t; or 
Vitamin Ewg* fh ia  servos to  demonstrate a possible re la tio n sh ip  a&ong 

these v itam ins. Vitamin B1 2  *l*o m©mB to  function or spriror o f c e r ta in  

u n id en tified  factors* Beeler (1951) demonstrated that when 4 to 6$ dried 
whejr was «dded to the soybean -rami diet, a sparing effect of vitamin B̂ g
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eslntad* Thin could possibly ’©moastmte © d e f in ite  rclf.tionshSp between

v ita n in  Bjjg u n id en tified  facto rs*  Grabs $£ al« (1950) have

ranted .late derum etrating the presence of four chick growth s tim l& tin g  

fa c to rs  in  fra c tio n s  obtained from refined  l iv e r  p i t e  d isly sa te*  Two of 

th#0« fa c to rs  were ehcam bgr ss&croblolo Xv. 1 assay with i^ to h r a l i l s i a  ipJ.gb» 

Bftiaii to  few d if fe re n t forsas of vitam in • The o ther two fac to rs  reas&ined 

u n id en tified  but were considered to  ho an in te g ra l p a r t of the IFF ceispiex* 

I t  mo found th a t  i f  an adequate amount o f  v i ta a ia  wa& not i a -  

eluded in  the diet* an tib io tic©  spared the le v e l o f vitam in fi^g ^or 

chick f\m& ru t bgr o r ta tln g  favorable eo ad itio ss  fo r  a hi= h ra te  o f i s t e a t i m l  

synthesis (Smith, ask Robinson, 19-45; Gteeon j||, 1950 am! .7 infested and

Ihkos, 1951) aM a lso  fo r  rate fed s. pu rified  synthetic d ie t  (Cr&vioto*

fdraes &t 1951)* They suggested th a t  with a p e ri flea  d ie t  the a n t ib io tic

i s  afel© to  favor those b ac te ria  vhiefi can synthesfia© v i t i a t e  Ojj  ̂ required 

by -this rat*

Vlteuain B |j  i s  f a t  soluble? substance e laa rte  d if fe re n t from vitam in 

%2 and Hange, X94B)* Vitamin S^/ white apparently  c lo se ly  re la ted

to  'hath fo lio  s o l i  ask vitam in Bj£ in  function , i s  a lso  ©a ©nil ro ly  separate  

e n t i ty  O&orris e«3 lajiiaricli*  1949)# I t  i s  extremely ac tiv e  in  c a l l  pro** 

l i f ©ration in  bona a&rroe cu ltu re s  aM was e ffe c tiv e  in  curing a&p&rlm©*!* 

ta l ly  induced axmkiI* of m is*

4* G rra tt^P ro ra ting  Iff* c t  Vitamin Bxa **& i t s
Id e n tif ic a tio n  with Gov Vfeauro fno to r ,  A n is e i
P ro te in  Faot©.r an:! Factor 1*

Several groups of work&ro (Hr u a l, 1942$ kb itsoa c l # 1946;

Bubin ond B ird, 1946; Bird n j ,  1943) found th a t cow jaomuro improved,

%hm growth o f chicks and turkey pou lts when added to  p la n t p ro te in  b ara l
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alerts*. malts were obtainm! fcgr 'bclcon an:- bariy (1549) afco

fotmc ths-1 sskeep fcccs t© be potent aourco of t ‘ rd rn l 'rote In  fa c to r  

r  v ita ia ln  B.-|2 fo r  ©ultry* Bird jy* ^1* (1944) foual th a t the growth 

fas  to r  *n ©o& rmimre - p resen t In t 'Oppinpe of Lass but youa-;; ©hick 

drop’ ,-fipc .1 sow cen tal, factor*  * a lso  mporto; s&sa©

pour ta u t the feeding o f ocoreentsfetoa or©p&rew fro:* cow u&miru /stimulated 

the growth of chicks receiving a com  soybean o il  semi bswal d iet*  J&tlimiii 

and Carver (1547) fo;.,at th a t  th© ino lusioc  o f 4*6$ of f ish  se a l in  the 

m te r m l  d ie t  imo s u f f ic ie n t  to  p ro tec t chicks from deficiency ©f growth 

f a c to r ,  l a te r  shown to  Im vltcuftln during the f i r s t  fo u r wocksi follow*-* 

in,., hatching* I t  i s  accused th a t the growth fac to rs  of cow ac.mi.ro, hen 

ffeoos and f ish  laoal nr® id e n tic a l because of thr a lfa ila r ity  in  growth 

ro&poncs© Tihon thcae S ngrodlent© are added te  the chick diet*  I m u a lso  

notocl by itSeOlnnis (1549) th a t when the poultry  mmxro was tnco3>

poratod in  a l l  p lan t m tio a  fo r  chicks the ferrcoated aanur* gave d e fin ite  

growth response wlmrma the drop •.?,.& tau t were /saiatoined fro-©a ©en~

dXtlon $hm?o\ l©a^-fic.lul ©ffoct* Thus proof t h r t  vitam in was pro­

duced in  the  drop; iJscr ly  b&oturiwl fb?imntat»i©?i#

I t  ff&s r tsd  by mjsy groups of ?/o?fei>ps (Hiohol ^  3,947; iieGiaitii

and C&nrer, 1947; Comm qfe 194§i Hobble© SS SL# 1948; 'tofcstad ©t &lf 

1949; G raters 1949; 'm rm n  s*k a$* 1949) th a t  H irer e x tra c t and

fish  s e a l promote chick grovth m i repeat m ortality* L ater i t  has been 

shcara tha© aryctalliJKs vitam in 8 5 3  car. replace a l l  o r a ^ ir ly  a l l  o f the 

m dm i'l p ro tein  fa c to r  (O tt q t ,aJL* X94Sf L i l l ie  q t 194% Ilicliol ay ft si*  

1949J Lasrs-on ql« 1949 and "tckatad -g£ a l , 1949) and the concentrate 

o r  aci. p re c ip ita te  of cor w&nure fa c to r  (L illi©  && gV 1343) fo r  groorth 

f  chick/.-* Ott (1949) h.» -©ported fu rth e r  ih s t  .eplotuu chicks under 

h i s ooisdittono required  a t  I m s t  27 aderograa# of vitam in Bug per kilogram
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of ra tio n  £o~' "a growth* w rigori {1949} concluded th a t unknown

fac to rs  the chick j i n i  th a t T ivsn ir Is car a i ls

rep ine in/ ac tiv e  frac tio n s  f'*— la&nurc, ~ ex tra c t us. ..

olnbHoo c i th e r  with & ooybc&r *wal — aom or case ration#

fi® e lse  ;*3ticiudad th a t 'tic vnricuc arlnaX p ro te in  fac to rs  racy !>c aitribiit** 

ab le  to  one ehe-.JLc&i on t i t /  or * conjugate::;, v i insure % 2#

3 been reported tin s a l p ro te in  fa c to r , f l th  meal,

s o lu b le  or t r ia d  ekix a i lk  {hofiniiia ani C arrerf 's947| Lindstrom pt 

1949), cow samiro air hat tro /p lnge (wMtson gt a^ *, 1946$ hnMfi a t  al«

1946 and 19471 Bird jg£, 1946, and Bubin an! l;Xr:t, 1/147} an. ■* t f  cmcm>» 

tav ten  (OXeesc £& &L* 19491 Carver aiiu McGinnis, 1990} were tdumd to  the 

d ie t  o f breeder hons, hatelvddXtty t&a decidedly inprored*

Oloere ^  &L, c m 9) foujk.. th* I whoa a sucroeo-s.lph& soybean p ro te in  

d ie t  low i s  v i te s la  fed to  a gaw p of hem , sfg  pro?"notion end

ha.tciiafcdli.ip decreased in  fro a  3 to  6 n##kn* The add ition  of A.PF eo&oez>» 

tr a to  improved the agg production :k; b a ic b e iiH ty   ̂ hens fed the n r i f te d  

d ie t ,  kfceit a at&ireh^aoybcs&s p ro te in  d ie t  m e used, egg production and 

hs.terwibi.ll.ty vor© improved over those obarveb  with coripwmtie group# fed 

eucrost &s> a source of * ho l^d rate , - ^c rtin g  th a t 'i&reh yjxrwiied the 

.1st© t in a l  sysjtbeal of vitamin. fho aork of fTenmrd am! Chwuterlin

(X94S) an ' Eeanari sS  SiL» (1949) Indicated th a t when hems- were- kept ? 

b u llt-c p  l i t t e r  the egg® hatched auch hotter* Chicks ks p i on lmi..lt~Uf> 

M i te r  grow snore rap id ly  when a l l  vegetable typ'e diotw than those in  

-mhich two U t t e r  was clcanc out regularly* Thus? evidence showing ttr t  

vltsy&ln &%2 Is  synthesized Xo the dropping of the hone a f te r  they are 

voided# This expXeiiss why sosr of the c a r l i  r  1 rive s lip s  to rs '• b e t te r  

haick&biXHy luring m sm vr dcnth, then the; /tiring the w in ter, when 

the  henss war. kept on U t t a r  where they ha access to  th e ir  dropnlngs*
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w m m  m  n%l r& ttexs. the s iiau lo iiB g  offteot o f v&tealsi I m  »M

taoar« m M |  bau&tmrt its foafelois fod Mgh d id ta  ihsn  In  li t te r* *

m to  o ln to ra  m  d ie ts  of Ilk© p ro to tn  ©ontfepi tot- with the- co lo ria s  p » »  

vi&od tgr fo t or a sdoctoe of f a t  and ocrtahp&fcte,, I t  &l#o appeared Mint 

vfeoe the  Waterloo wr® deriwod prijfcyrll?' from td to n ta

©wortod a  g ro e te r  e f fo e t  on growth i n  jonog tm®l®  r# te  than in  H tto x w t©  

* t e . «  tfeosr smggottoil. th&i 'fitan lB  i m  *• involved l a  Mi# e<um itti#a -of 

eaitafcf&nito in to  fo t*  Simet fossa!## in  general k w  # k ighar poreontago 

of f a t  l a  p roportion  to  to t a l  bodj m ig h t  than. do m le#  i t  n ig h t be 

#xpoet#d ©hoi gxm tox weight gala*. weald jrao&lt i n  tmmXm  than i s  mssXm 

upon the ndalalotfw tiesk o f subotango com om od  w ith  th e  oonrom ien o f 

e a sd x ^ d m te  into- fa t*

S w o m l fldaamrganioao a lro  te r#  teen  reported  to  rocsuiro aattper& io* 

loao anemia (A8&) td m r  eoBoowtan&tee fo r  growth* I t  was found I s t s r  th a t  

r i  t e s ta  ooold r»$&ao© Am aa m growth fteotor f o r  JLtt {Sterb* 194f )  f o r  

protoooan jaeft^llfrf*- {Bsitnor &1, 2J49) a»d fo r

M ite t if f lS  (Steffi* i&  i l t  z m i  S o fe m m j^ s i t  W S U

Tkmmfomy. tM otiUi %2 ©W&*r© to  to  neat- im portant as a cm ponost 

o f  the  «©ow « w i  " fo o te r  m* mod %ho % & !» ! p ro te in  facto r*

mpplmmm$w 1sMoh i*  ro^pomaifeX# fo r  th o l r  Mt&rltgw



ti nutrition. tha re arts rs&ny e'yisjdU- ..„. opponent
redness the required in take -of another necessary to ohini®in noraal life*  

aong those exoaplos iv*o ^rinelpeil e la te s :  m y be ct.in($£L abed I Class 1* 

.,;iifcstsseea wbfeh oat m  fo r  ylo^eoXIy required substance*
rers& ttin;, syn thesis of the required -.a jstaaoo tv nngr ex ten t accessary*

em:iplG» of th  1 olaag & re |  (&) the s61?i b 1 Y itaslB  A-*aetive ear©- 

tonolds which nro precursors o f  Titamiii Af (b) V taionine precursor 

o f oyotiBai and (c) lim 1^lethanalaftlii&  in  x^pXseing d ie ta ry  choXim*

Glass- Z* ftibo a sees ifhiou ruy aseusso o r d is is is ! i oaru , but not a ll#  

functions o f a r-r u if td  n u tr ien t which not r e l  * *bci rem ixed 

n u tr ie n t as a p recurso r or oooplotc cub.<tl tube* bx&npXes c„ c la ss

are  I (a) the of foot o f f a t  /;n roduoinn the mcind.mmtt% f  or thiaaainj (b) 

tha s im ila r e f fe c t  o f cn lc lua  en,4 phosphorus on v i tm in  cmrapXeo of

eXaee 2 , the ttapnri»g subs tarns® t* ab le  e i th e r  to  (X) p a r t ia l ly  re&tso© the 

need fo r ,  o r (*:} p rm ido sckmj, but not a l l ,  o f the b io lo g ica l functions of 

the f#pif«©df eossjxnaada** I t  i s  ifc© c tm m o ta ris tie  of these esMpXes, in  

to  those of c la s s  1# th a t  th s  repXseensmt does not continue to  be 

e f fe c tiv e  as tha in take of the spsrs5 eewpouns decreases, but o ften  becoiaes 

sharp ly  lim ited* in  othor w rd a , a sign! ficr.n t -TmBtity of the spared eosa* 

pound m o t be p resen t In order t!v I r,p&rin% ac tio n  m y feaecrjc evident* 

in  the ra t#  choline can m synthesised  fron bet*,*in© o r methioni;***

.A*i&* th© known symptoms of choline defic iency  say be ro lio w o  by using 

•e f f ic ie n t of t bom su b s titu te s  (du Vifflncaiid al> 1939f G r if f i th ,  1941?

-totten* 1941)# '• lihough. i t  uas re-ported by nrho gfa (1951) th a t

the methyl Group .fry; raoihianlne can be uoof fo r  the synthesis of choline
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group©* Therefore, rep laceable eholine m n  m  replaced by bet&lne or 

methionine and e s s e n tia l choline cenaot, I t  » ;•  a lso  shown by tfeGinnlai 

*Jk *Mk> (1944) t t is t  chick d ie t  which. , s only m ildly d e f ic ie n t in. choline 

as/i approximately adequate im, methionine and e&®%im nay b© improved for 

growth s. a 1 pyrosis prevention by tha add ition  o f he talc© or listhiotiiBe*

In such s d i s t  the e f fe c t  of acthio&lne and b©tains ad d itions asy b@ 

plained by asmxalng th a t both. supplements assist© '! the ©fceliae la  a 

met&ylating capacity* thereby, auptosttlng th© mipf&y o f choline av a ilab le  

fo r  growth and pcror-ls p revention .

stu d ies  h&v© shown th a t an in te r re la t lo n s h ' ©xista between the 

asthyl& tliig agent® (aetb ion ino , cho llac  and beta in©) and the 

p ro te in  factor*® (sw n tu a lly  Id e n tif ie d  m  vitam in £©»g before the

axlatenea o f tlio animel protein, ftector was conclusively estab lish© *, a&ay 

In v estig a to rs  In pou ltry  n u tr i t io n  had mad© the observetIon th a t  ma'thionin® 

i s  a f fe c tiv e  in  improving tha n u tr i t iv e  value o f both raw and heated soy* 

bean seel* This vma. the f i r s t  in  the chain of ©v#nts which eventually  

wers? to  linl? the a a la a l pro t e l :  Ike to r  to  the pheneae-non of t  jmns&e thy l a -  

ttou* Bird s4« (19147) showed th a t  the ad d itio n  of zv'iMonisio to  a 

high soybean d ie t  produced as good growth in  chicks m  d l l  the animal 

p ro to in  factor, provided,, however, th a t  till© fa c to r  had been p resen t In  

the d ie t  o f the mother hens* Methionine m s l®m  effeetive- when fed to  

ohieko from horn whoso d ie ts  had boon d e f ic ie n t in the animal p ro te in  

factor*

G ll l l s  and Morris (1949) chewed th a t  c e r ta in  types of p ra c t ic a l  chick 

ra tio n s  are s ig n if ic a n tly  improved by the add ition  of bet&ino o r choline* 

However, when basal d ie t  contained 4FF concentrate no fu r th e r  response 

ime obtain©’! by adding bo tain© or choline# I t  m i  cvidsnood th a t  the #.PF 

concentreto orortod a sparing ac tio n  on the chicks requirement fo r  la b ile
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jg^thyl in d ica tin g  th a t a t  le a s t  om HKstabollc function o f A.IT i s

©onccrmd with temsn® thyX&tlon# Later the scaie workers (1951) obtained 

evidence th a t the e f fe c t  of AfF coneentre.i« previously  founu to- rMtic® 

the requirossfc-nt fo r  m stlijlrfiiia  co&pousdr hy the chick I r  dm to  I t s  

vitm&in B ^  content* 'They eoggpeted th a t  e i th e r  trarjs methyl •■ iio n  i  

isero e f f ic ie n t  In th? presence of an. adequate skoubt of APT or th a t 

p a r t ia l  doficieiaey of ATT crea tes  or sii?miiab<r:; » te .h e lle  processes 

which requ ire  excess aothyl areapa*

Irxaodlatoly follow ing Ur rep o rt by 31111s and Tfcrrla, th a i r  find-* 

im p  iiorr coafirswsdl by independent work <* n jebed by ffchaefer f t  hjL 

(1949)* In  view o f the re la tio n sh ip  botneeii methionine and ebaXirjs, 

,ahnof»r ̂  (1949) de.aonstr&ted the sparing e f fe c t  of vitamin B32  «m

the d ie ta ry  choline ( la b ile  - fchyl) requircsierit of ra is  and chicks* 'fhegr 

were fihle to  prevent Hheaorrfon\Ic kidney* in  m is  err! promote growth la  

chicks with B uhoptim l -mmunits- of choline and m th ion ine  provided vitmsdja 

% 2  was a/ldurd to  the d iet#  hut the add ition  of viissdia. to  an a l f c m l t  

le v e l of choline l i t  not produce an im crm m  In weight gain , feha©far 

f i i f i l ,  {1949) a lso  foun tfc. t  cMeks responded ta  sr: thi.on-.no borsocyrtiae 

o r hoskocyatlne pin iw  only I** the n r  oerase o f v i i  ** * Thee©

findings e s ta b lish  the ex istence of as ia to r ix la tio n c h lp  h itm e n  vitam in 

9 ^ 2  and choline o r ’scthlc-nioc and th a t  th e  jm tr i t lo m l requlr^aoiits fo r  

choline emi vitassln !L0  are in te rre la ted *  Scfcsofor a t  g^* (1950) a lsoJLrf*
reportod th a t  when vitam in B ^  m s  included In the b asa l d ie t  %h& love!

of choll.no roqy'rod fo r  growth m o g re a te r  In. the absence of rdd©d fo lic  

ftci th ru  in  i t  proGsnee* s is ll& r  find ing  sms obtained recen tly  I t  

Jukes iokirlrd (1951) who reported th a t ‘ho choline i^ q u ir^ a i i i  o f

the c* p iw tk  wsa gretcier in  the absence of v ita sd n  Bjp
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Jhskms (1940) ha a? ©hows iy  f€>#di ehoIiB a^befielcnt d ie t  to  shloks* t i n t

norm?., growth cannot b© a tta in ed  ,4  ibmt porooif will, r e s u l t  even in  the 

presence o f  i 'leq m to  n c th i’-mine* f/*ter Calces and 'Ueoou (1145) found 

th a t  moftttaethyla i^nocthanol the  I rcideiaee o f p o ro sis , *ui feud no

e f fe c t  on the grocth rat?*, while dine thgrlaaltagethcmol both rodtusod porosis 

and ’nereased too growth r a te .  He ©.Iso .showed, ih e i  o l^ n o lira in e  m s with** 

out any e f fe c t  when added to th is  d i e t ,  thus showing th a t  dost, uetliyl&tion 

of mono* cud di*» sciliyXimiBoebhsscd w5g?il occur but so t of eibas©Xami»* 

HcGinnio e t  (1941) reported th#*fc \ etc in* > «?ma e ffec tiv e  in  prcvontiug 

porosi® and promoting growth in  eh i d s  fed a. simo.li.fi s-b d ie t  contain ing  

purifies! oaaoin* H<swsy, Jtiksa n fe loh  Cl% f) found th a t  betsiirso V  1 

growth p rm o tln g  e f fe c t  on chicks fed putrlfled d ie t*  but was without 

e f f e c t  in  preventing porosis* ils w u is t and €*m.\: (1943) ur.iir p u rified  

d ie t  containing iso la te d  scybsan p ro te in , instead  of mimin im ’ g e la tin , 

found th a t  be ta in#  end wore as e ffe c tiv e  a?; cha lice  in  p ro ­

moting growth. In l a t e r  wore, A lsrjuiat and Grau (1944), with a a**ae«hat 

d if fe re n t banal d ie t ,  obtained a growt!»^r<psoting e f fe c t  from ncta iue  

only whcis eosabXned w ith cystine  or hosaocystine* fhio -effect, hmmmT$ 

m s  not equal to  th a t  obtained with ehcllne« th® remi! to o f f’teOlrmla 

jataJLf (3-944)» who ejqiained tM a discrepancy, found th a t  bet&ine cue? 

racthlontii© were e f fe c tiv e  In preventing perosde an! promoting 'Trowth 

in  chicks when cdd#tl to  a e istp liflod  d ie t  but in e ffec tiv e  when odclec! 

to  p u rified  d ie t  of high®? neth loaiaa con ten t. In  c o n tra s t , cho line 

prevented porosis ami p iw o te l growth on both d ie ts*  The re s u lts  in -  

dicat# th a t choline is repuirod fo r  the prevention of porm l and fo r  

growth r*tt.i ttimt b@ta.lue ami sseihionine when, added to fdbe a i2*plifiob d ie t  

atmbXad the ahlak to  synt xm  choline* &hen casein  is the 'parifled  -diet 
m e repl&eod with an iso la ted  aey’ #sn p ro te in  -with r e s u l t s n t reduction  in

mailto:b@ta.lue
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m e t h io n in e  c o n t e n t ,  betwine sad m e th io n in e  fe lled  to  p r e v e n t  perocis but 

promt#! a&me growth# The growth response obtained with beiaiue sub 
methionine Is thi Instance -«U believed to be due to a deficiency of 
methyl groups only* Choline was aga *n effective .for both purposes.

Jukes (1 9 4 0 ) f i r s t  prevented perm  is  in  turkey poults by adding *3 $ 

of eholino to  the d ie ts*  In te r  Jukes (1940) fount! th a t *1$ of added 

choline w e s u f f ic ie n t fo r growth, bub was In s u ff ic ie n t fo r  the prevention 

of peroeis* Addition of 0 *2^ of cool .fee to the basal d ie t  protected th© 

poults ag a in st porosis* However, bTE.ua jgj. al*  (1943) reported th a t porosis 

o f turkey p o u lt©  m u not c o m p le t e ly  prevented by adding s u f f ic ie n t choline 

to  m im  th® le v e l to  *2$ is. the d ie t*  th e re fo re , another fa c to r  or factor® 

appoar® to  fee necessary fo r  the prevention of porosis in  the poult*

B e s t  (1 9 3 2  and 1 9 3 4 )  m d ©  %he o b s e r v a t i o n  t h a t  c h o l i n e  p r e v e n te d  ma 

© © cu m u la tio n  of a a m t a s iv e  a n o u x its  of f& t In  th© l iv e rs  o f m is*  P rellm in **  

a r y  iu p » a t ig a t lo x u t  with o th er n i c i e s  in d ic a t e d  t i t  t  nice ro a p o n d o d  aim!** 

X a r ly ,  but i n c o n c l u s i v e  re s u lts  were o b t a in e d  with c h ic k e n s  %m dogs,

Abbott ami Ifeifeitar (1940) obtained l i m i t e d  date v h lc h  indicated t h a t  c h o l i m  

s u p p le m e n ts  to a d i e t  lowered th© l i v e s v j f o t t y  a c i n s  l a  pullet#*
H ogs t e c  jgJi n i ,  ( 1 9 4 1 )  c o n f ir m e d ,  with c h i c k * ,  the e a r l i e r  observation made 

fcy Juke® (1940) with, turkeys, that c h o lin e -  van c s a e n t l & l  for the p r e v e n t i o n  

o f  p e r o e i s  and th© promotion of g ro w th *  T h ey  wore, h o w w r ,  unable t o  

d e m o n s tr a te  any lipotropic action of c h o l in e *

Some Canadian workers, Bcrmrfi. and fcaers (1949) have reported th a t 

oholXm  h&.i a lip o tro p ic  function  in  the n u tr i t io n  o f ducklings in  add ition  

to  being required fo r growth eu*J fo r  prevention of porosis* They fu r th e r  

reported th & t n e ith e r  methionine nor betal.no could com pletely rep lace d i d  in© 

In I t s  lip o tro p ic  action. In view of the vast amount of work already don®
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on the oft® c t  of choline* be tain© end. f̂chisnino on promotion of growth

* prevention 'erosls#  p ra c t ic a lly  so reported date are a v fd la tle  os 

possible Xip.©iro? function  of the?«& sub. tancoo «n the chick*

It was reported by IIa.Il ar* frll (1%8) that In addition to choline# 

a crude l iv e r  e x tra c t  exerted & 1 ' potropic of f e e t  in  r a te  w; th iia ta x y  

Induced liver injury* :Hie effect of livor extract urns not due to stlmuLa** 
t lo n  of the opr.etite  with re s u lta n t im rc& se in  .protein *ntnkef nor did 

the lip o tro p ic  effect seem to b© related to the choline content of the 

liver extract* It ms fu rth e r  found by '“'rill one iodomlos (1919) th a t 

a  concentrate of vitam in exerted, a mrlmti lip o tro p ic  effect Misji 
Injected Into rate receiving c high~fo t̂ lghi-protein diet* This lipotropic 
e f fe c t  ms not due to the smll amount of choline p resen t In the coneon* 

tr&te* Gyorgy and Eos# (1950) reported timt vitamin %2 (0*5 uiorogrum 
dally by aru th ) has shown significant lipotropic activity *n imfcss- fed a 
lee-protcia^lrtwHPat ration* Under the ixpcrimontal eend it-o  ? chosen# 

methionixi© was more e ffe c tiv e  than vitamin. E«^ In prevents ng f a t  deposition 
In  the liv e r*  low ^roteii^4iigi>»fat diet interferon.* with the lip o tro p ic  

e f fe c t  of vitam in B^ eheroaa a loer protein and low .fat flat# or# m  in  

the experiments of - r i l l  zand IcOoraick (1949)# a moderately h i? 4v*p3S>tci2»"» 
higfr»»f&t diet#  w ill not intmrfmro with the lip o tro p ic  reac tio n  f©licking 
tho fefaalniatrr t ie n  of vii& aia Bj^* It has Iso been reported ifcsot choline 

prevented hesjorrhagXc diaeas© of the kidneys of the rat*

Hot only In  efelck*i# but also in mis and other aiilseln# choXin©# mothio** 
nine# bot&in© and related oonpounds may furnish la b ile  methyl group# which 

&m wmdmX fo r growth* it wm f i r s t  poo tale, tod by du Vlgncau* ni* (1939) 
that 'the bddXi. me-thy 1 group of choline might \m transferred to  Iioaoctystine 

to fora the easentiau. &ssi»a acJLi u®1diioaIno* This @ff©ci dicmn by
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S i (1%3) to  ^  4© th e  u t i l i s a t i o n  o f  th© rsatbyl group®

o f  e h o lla e  fo r  th© la v  *ilhesi. o.f a s th lo o liio  f r o s  t  t h i s

t i m $ h o o v e r*  i t  wma no ted  by it* figaaaiit ^  g l*  (1939 &nd 1940) t h a t  

f o r  qooo tmexplaiâ d ronm n  a s  ooeasion&X e a i » l  net* tib ia  to  great slow ly  

on the  s s e t h ! o n i d i w t  ©ran if" c h o lin e  eers? s o t  su p p lied *  Ilia ex­

p la n a tio n  o f th /  ise:rejm ney could  n o t ^ s d i l y  boeom© ap p a ren t u n t i l  

n e a r ly  too y ea rs  l o t s  f t  o r  ©ho i s o la t io n  of v ita m in

Four years a fter  the first report of clu ¥ig»©&ud*a group* fu rth e r  

findings were reported by Xoennios ^  (1943) a t the Zanken&n labora­

tory* fhoy found that a larg® number of th e ir  on im ls eoiiBistoutly grew 

on a a took diet oonta laing heaaoeyEstlne* but no mtMonino or choline*

B ii a star&ed eoatm st to th& findings of th© d cm ell group (4u

Vigneauk jgj| nl* 1939) groetli of « x X3 on £ f ia t  low In mathyl groups 

or oven en tire ly  .fro© of thou haa mine beer* reported on oce&slon by 

other investigator®* Brand ( I f3#) Smd not©*:! socss growth of nrilmls on 

a d ie t containing hcssoeyatinc su • Ion -nted. by s ilk  oiw yeaet eotxsanlr&tes* 

Similarly* dMto an?;! 8eaeh (1917*1^ 3j)  had obtained growth o f a a im ls  

with hom ey * *n when iht -'ir-i - ar 0 p̂ loaeated with B vitamins r liver 
extract a© rose a nr Flan (1939) tin lag milk concentrate source o f

vltaa&iMU

In  s further in  y* SM©s a^.* (1944) nr analysis o f  rat tissue®  

and wer® able to <!esaon®trato the Actual sjmtheciss of a. sn a il esount o f  

the essential ms&m acid mothiiinlms, In rats on diet costsladng bam** 

ey-z tlm  a ad no d i e t a r y  sour®® o f  i p l i e  mmW^l groupe* The s y n th e s is  o f  

l a b i l e  methyl groups* to degree* a s  a lso  demonstrated by du Vigneaud 

jfc& (1945) through studio a with icotoplc& lly labelled vater*

Bennett (1949 and 1990) confirmed these fin- Inga showing th a t  when 

growth h leveled os !obilo-® ethyl-fr® e dX t  containing ^..-.equate enouots 

of f o l ie  acid , ad d itio n  of v lt& sln  promoted growth* I t  i t s  suggested



that v l  te n ia  fractions: In the b io sy n th es is  of nsothyX groups* Colo- 

eldemb with Booaettfs report, sim ilar fioruays wstb r©ported ly  tekol 

Sfc S i#  U-950)# They foam.; that rat© 30 osya cl-.: or o ld er  are able to  

jro e  cm a e l  t  fre e  o f e l l  the Imcum la  oil© n> th y l .grmin iq so p s , i f  vlt>* 

raiiii C32 fcococgrstlae or ho&ceystcijao ror<? present. Its® t e s t  di©t 

m.® complete with Tmpmct  to  a l l  osaonticl sn ltr  s a l  © except r^tMonlia©* 

farther#  on © d ie t  confer inlay raiplo stefetiltmiii© (a© th® ©ol© coiilslstim c 

&®1&3 acid ) but no w itm tln  ,  poor growth m s ©staiissd* U t ic a  o f  

v itm a la  B|y fottri growth* I t  was suggested. th at vitaia! a B12 asiiC t̂

fhnotlca ®.:j &n siusyae releasing i» th y l group® froa eeapotaxlc

n solicit lbs Bctlgrl grmsp i s  not, ©rdSaarily la b ile  fml/w? that vitamin. 

siay function  &« part of im eaayao a jo te s  iovolvsd  i s  th© symfeheisis

#f iaetl̂ *X groups in the body*

Farther ovid«»i30# for a stoehaniois o f the f i r s t  tyro mmm  to ha in ­

dicated i s  racest d m a lm  by .^ohaofor at a l .  C1350}* They aotod that 

the effoctivomis© o f aethyl aonors each as t^oaoihylaaiaoct} ^riol, bci&ine* 

aathieain© sim choline Ctrtfi@tli(yis.iiliis3$tliai^l) u s  eomaidor&bly '^proved in  

the proannc© o f  v i t m ia  % 2  r m p m t  to- the edemata ^  m*.l fo r

tic®  o f p r ra l dampo -sd f a t ty  liv e n s  In  mtis sad growth /- pr^vontlon of 

porosis in chicks* further* on th© basic of methyl content, 

as iaoc ihaao l em  b e ts lac  sro  conoid om bly  1 ©ss o f-‘©olive than oinothyl* 

Mlaocthanol ami choline in  the prow atiea o f l iv e r  and kidns^ if&onferc 

im the mi* ' lie a wlts®i» urns j > ad, a i l  thooo ocmpouafs o®caai# ©qulv«* 

a le s t  to choline on a n&thyl basis* In those studies t  ?muis appear, 

therefore, that T itss ia  ® i# t  adt to  lacraace the la b i l i ty  of t*m

methyl group© in laothylateu compoum.,© which are le s s  e ffec tiv e  on a m&ihyl

coast c a t  tmsi, than chdijjo#



Pu Vlgaaftuc! jgJ (1950) fotan &ethyl groups were- sy n to n ised

or the f'psre^frfe# ftaim lr; '-ti© no?>*8te:rile ami.mala on th- ss-.so d ie t syt>* 

theoieod ©ethyl y:: * the seme ex tan t m til l th© gsrt^-fre*®

an -ml * :ftmm t i  "X®a estab lished  ocixjlusiveXy th a t synthcs-ir of esetfeyl 

:p?mp& ;:1T take pli*ec and th a t i t  occurred la  the tlasts©a 'brt-hor -frnfim 

%  te lch  snd (1950) oonfdrsvxi th le  w  ‘-: •!bi Xity " liver s llo ea

war® iraub&tod ia  the preeeneo Of 0 ^  — fo tm to , hcaaooystolne, diretityl** 

© ^m eth an o l, fo l ia  eeld "■ v l in ^ n  -Hoaetivc hianitte

Mys &j& choline ch lo ride  * is o le ti? r from f“ m:% Xivsr alio®®* This 

evidence frosa ylvo st«d ias with g®rm**iv®Q aulemls anf i s  v i t r o  ir ta iie s  

on r a t  t is s u e s , aimilteaaaualp independently Ierenst-ralAr5 the a b i l i ty  

of animal tlm vm s to synthesis© swsttiyl creeps#
'toko! jgJ pi*. (1950) stisdied ti  ̂ ■’pntheai o f re thy 1 gr©yj>s ©al.Bg 

.wr© o x y sta llin e  vitaisXn 11^ p lr co of the srnde l iv e r  ^axtm ct and 

e i th e r  hoeKX573td.no or hoeKXtysteim as the only smlfurwconte ia in g  eiadao 

ao id s, They concluded th a t in  th© emif*sis o f siot&balio in&cseonvcr&iott 

o f c e r ta in  amino a a i ks# e*ri>on u n its  « i t  eXahorsted ohieh as th®

o I oa a©- re© fo r  the ayssthsaie- o f  the © ottyl t %o of c e r ta in  mrntmĥ 

lit©®, including a » th io s ii»  orrl e h o li» *  FitnntXa Bjjj a».t o ther d ie ta ry  

fac to rs  may play a «l#©isiYo ro le  in  thcao t ntorcow or^ion® , in  the 

syn thesis  am  u t i l i s a t io n  ©f th® la b ile  s&thyl group* ISsagr groups. o f 

workers found th a t  serin® ant. glyelno aro th© precursor* in  the cyBthesi© 

of la b ile  methyl gro (Tabard, 1949$ Tel-eb and Smktisiif 195^$ Tt#lc®i t s i  

T itias, 1950$ iokevit®. an- Qreonberg, 1950$ du Vtgnmm^ jgfc a^* 1950$

Abbata in ,  1951)*

Cunha n i  a2» (1949) reported tlm t ejcthlouine was b e n e fic ia l fo r 

growiir r ig s  whon added to  th© basal ration* Bosrevor* «r!s@s ssothlonino 

■m c fed in  ad d itio n  to th© A?:f* ®uppX€»is$f the re to o f gain tmo no



d if fe re n t  than when kW  m s fed alone* Btothlonioe « s  a lso  of

mo ben efit whan added %q tho toaa&l ra tio n  end vitaM ln those data

io d le a te  th a t  the ad d itio n  of the AFF supplement to the basal ra tio n  

re lieved  the need fo r  sappleflKmtl&g: the ra tio n  with 73$thiamine* I t  bee 

a lso  been es tab lish ed  th a t  the baby pig required cholln© (Johnson and 

Jqmob,  194S)* Iloeever* Itesheisi and Johnson (1950) fm m l th a t  the  pig 

m m  a t  am e a rly  age m i  able to  use »ethioai»® am a. ee th y l donor la  the  

syn thesis o f eheliiie* lha babgr pig a lso  did mot r e t i r e  d ie t* iy  eliolim# 

when the syn the tla  s i l k  d ie t  eo a ta ln s  l* 6sS eethiettise* la  th ia  rsapeet 

th* pig  resembles th# r a t  (d te tte n , 19412 Toeanlea jgi aJU 19431 

« t  *at 1944# 1945# 1946 and X949| da ttgaMMxi s i  44# 19451 T reads*!!, 

194% Stoke! 1950} and mm (Sliaacnde and du Vlgneatsd# 1942) but

nay d i f f e r  f re e  the ehiek (Jukes* 1940} lofCifctrlcsk* 194?)*



5x2 tc x a o ir  

cbutp.jM crr-«w-

I t  has been 8'iorai th a t high Icvelc -rote • in h ib i t  growth ol 

.nick® (Kubia ani "ird* 194?) and of ra ta  (Cary jg$ pi* 1946$ Hartm n 

A i s i ,  1949? BossMrbt a^*- 1950) fad vlte&ia 91®is*

Vitejaln or l iv e r  e x tra c t tended to  overeat* th is  g roe ih^ tad ib lio fy  

e f fe c t uiimn fad as &* suppXosont 'to each tuitions * Hsrtrmn a t  s4» (1949) 

fu r th e r  showed th a t  n3g*4ofiaioatn ra ta  fed 259 p ro te in  ha hypo thyro id  

hi ’ncys# This c o a , i t i a a  m s corrected  by mippXeiaesi&ii^n t?„wi l iv e r  

ex tract#  with alb  le v e ls  of p ro te in  te s te d , deficiency o f v i basin.

deletorioas of fact ok ’*ro«Ftb| indicating V b vitamin B̂ g te ocean** 
ssmry Isa the u t i l i s a t io n  o f p ro te in  by mistemlis* Furthermore* '/mekMT and 

iuokor (1948) reported  t t e t  nonproteS.n n itrogen an i urea values i s  r a t  

blood wo.ro inermasod Ik aooyhorXii deficiency* I t  t«e a lso  f<mud by 

JSnLf*F (X9&S) th a t  tho b loo l nonjyroteln aitrogon  mixmn% in  

chicks fm  a vegetable p ro te in  d ie t  d^nei#K t in  p ro te in

fa c to r11 i#ia h igher than in  chicks fad th* s&sk? diet© ^ p flea en to d  filth 

th is  fa c to r ,  juh;m< mn% work (O tt ^  *943 «»  *JllXo sal. 1943)

ind icated  th a t  v itam in w&s id e n tic a l with the f a c to r  contained is 

*T o r l iv e r  e r tm c t*  Gharkssy n£  cJL« (1950) dmaoBtrmted t&st tec  le v e ls  

■f noaprotein n itrogen  and maino acids i s  the blood were higher in  v iif is is  

©hicks than In chicks fad vitam in eoncantm tec*

Usage and Caaba (1950) reported that th© gjw th  of chicks m s doc roamed 

whoa IS and 4$ ffetsXne mm added to  viteiaia Bj^y^ofXciemi dints* Th« 

tlon  of vitamin B32 owrcaaa tec inhibitory e ffe c t  o f glycine# Stern and 

ricOismis (1951) demonstrated th© a llev ia tio n  of vitamin Bx2 of the to x ic ity
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$& Waiattir



m

~f «tg i.OdStlB'bBd
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wMols a e m ito  t * w  a& d& taioriiig oar&cm to tfo tth lg rtd a  to  a t®  (Boppor 

M i l *  MW>* to  tJh& <iJLooppMfmoo of l iv ^ r  ta s^ iiS M s v'/hiah

mmmm v&mn m^ftmmm o i l  m o o ! i s  th ©  o o lo  mmmm  o f  p r o io im  th e  d i e t  o f  

ami% (Sitwm g |  £&# M W I o»pd to  peofoot th© nomto w i l t  otagoy**! in  

iWrtssBP® io.tS|t fyo® s#tbBoyB iaBistsSjBisd ©a sil«*|3lsat jnoototit ffi&ot# (Homhp 

im i MUxXtm# W5&i* T m m  mm&M  mm t t a  fladla@$ o f t to  gswrih m m pm m  

o f  o ita ttttt  l a  ftalaol# 4o*o«$jmm£ in $vofiM i aootioas ia&ttNtt* t la t -  

vitamin, Bgg f te M o ^ o  in  tim  m M lim tion  o f oglno so ldo  in  ps-otoia. aptitfea*
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Experiment© wmm eonduetcd to  determine th© of to ta l

and ©saontiol ©holla# fo r  promoting growth niv. preventing pmvo-sia ami the 

e f f e c t  o f ch o lin e , betain® ami methionine on hemoglobin lev e l ami l iv e r

feit In chicks#

In  a l l  osperi^cate  i©w Hampshire- chicks of Tsixed acxos war© used#

The vitam in ^ d e f ic ie n t  chick© were obtained from eggs produced by 

lm »  fad * ra tio n  d a f ie ie a t  l a  v i te a in  8 ^ ,  In  ^ p e r ia e n t#  2  and 5  

chicks ear® depleted, a t  the f i r s t  week by feeding vltsiaim B^pr-defi- 

e le c t  d ie t .  uring  t h i 3 prelim inary period the weakest chicks were 

elim inated by n a tu ra l a o r ta l  tty* In tee  remaining t r i a l  (experiments 

1 ,3 ,4 ,6  mud. 7) lay -o ld  chicks were employed* t  the beginning of each 

experiment tee  ©Moke were weighed, in d iv id u a lly , wlng»teu;3td a n : d i r -  

tr ib u te #  in to  uniform weight groups f©Hearing the elim ination  o f the 

very  rapid ami very  slow growing chicks* In  experim ental d ie ts ,  cholin© 

ch lo rid e  and bete ls#  hydrochloride were added singly  and In combination 

to  a low-eholin© chick ration# The low choline syn the tic  basal d ie t  

©onteining o(.—coybcco p ro te in  s. a the so le  aouroe of p ro te in  ©a used i s  

a l l  experiment® except experiment 6  where tee  p ra c tic a l soybean-costi 

type d ie t  m s  employed aad contains a source of the whey factor# In  th is  

experiment choline and. methionine ver© added- s ing ly  and in  combination to  

this loc^eholixio p ra c t ic a l ©hick ration# th© oospos.itl.os of the basa l

Experimental Proo@clu.ros

mailto:Proo@clu.ros
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d ie ts  &re shoen la  Tables 1 and 2* 3ubsti tuen ls In these d ie ts  *?©re made 

s t  t!i# expanse o f cerelose* la  exf>©ri«iii 7.,. the soybean o i l  ra, tr.craaaed 

lii th© d ie t  in  o rder to  *.»cr®&s© th© requirement fo r choline*

The chicks w r s  maintained la  e le c t r ic a l ly  hosted b a t te r ie s  with 

raised eirs floors furlng the e n tire  ©xperi?a£nt&l period* Feed and water 
wore? fed j|& lib itu m * The ©hicks were? weighed &nd perm  i s  record a wore 

taken in d iv id u a lly  a t  wee 1 in te rva ls*  fa ta  on m o rta lity  was sis© noted* 

ihe experiments were term inated a t  4 wooks o f sge* . the termination, o f 

each experiment the to ta l  food consumption was determined*

Vitamin and ^ to e o p b e ra l  ace ta te  were given ter dropper per week 

(2 ‘drops per chick) in sedition to that contained in the ra tio n  to insure 

th a t  an clequat© lev e l of these w i tm lm  was mipplied# Thiamin hydro­

ch lo ride  m  also by dropper weekly* /-Ipha—p ro te in  contains

between 1*5% to  2$ eodlum s u l f i te  which Is  known to  destroy  thiamin through 

cleavage and a lso  Increases oxidation of vitam in and £• Thla p rac tice  

was iesignoci to  Insure an adequate supply of these vitam ins and to  coo* 

pessata  fo r  probable losaea that say occur as th© feed remains in the 

hopp&rts prior to consumption* Alpha-protoi n (isolated soybean protein) 
m i obtained from Olldden and Company# Ghioago* I ll in o is *

Iftrck AfF concentrate #3 'was ©died in experiments 1*6 and, 7 to supply 
30 sdcrugrams of' vitamin 3 ^  P^2* kilogram of d iet and was added to experl** 

neat 3 to supply 20 aiarogramc of vitamin V°T kilogram of let* 0*3 
microgram of crystalline vitamin Bjg was injected per chick per week in  

experiments 2 end 4* in experiment 5* 30 3i.erofra.os of crysta llin e  vitamin 
Bi2 P®* kilogram of d iet was added* Th# crystallines vitamin Bx2 in  the 

fora o< ocdium chloride tritura.tr containing 1 mierograx of vitamin per 
mg and was obtained from llerek end Company* A’T concentrate #3* furnished 

by Iksrok anti Company, :! F u llerfo earth adsorb©to of vitamin bja* The



F  8 1  4

O;2S X H 
i

S 8 8Ch** *9*
p a nT3 • M*

O H
•  r
U* f * *Mt0  0  H*%** c* Cl H* **e*. isln»£

*
grp 81 o»*
0 4* 00 S« OHM G © C3p* |U |Ji»
■* N* So S
I

\f% " M*
S < 8W»|| M

BS

s-3 n© !■*

O UiS4

w '¥*•* IT4

O.W H *s* “* w t
® n o  cs » ■ G Jf :.

5, £ «
 - .   ̂ v 3  w

^  B S S e, * ^W £5 <3

©
W fl

© o
g.p
s Sf

5*

* . I „ f * I * I *
vn

O •;;
u ' « * 1 1 1  •O vn

.° i « i i F .  ?  i
S  8 i »

UsO O C O h  v#» o
s Ig s  e g g s '

I -

O C O O O O O O Q O O f - ' Q H M O O J W n•  # * « * #  - - - - - - - -  -
U'« <\? V0U

S  8  §  §  8 1 1  fc §  a  8  ?S«  »  8  Ss 8  8  ‘ 3? 8
Us H* nO

O Go  o o c o o o o o o o m o m o o o ^  f t j ^ y  * * • « # • * • * * • * » # * • « #  ( * • •
S B ? 8 8 8 £ £ B 3 $ 8 8 8 8 B S 8  ' S ' & Bh  U U G ■ Vsi H1 n£>

IU, G O O O O O O O Q O *-* O H H O  O W . Us Us § # • • • * # * * *  « • * « « , • * •  a | « •
^ 8 g j S B S B 8 S S 8 8 8 8  t ; 8g> $?* -M

•' w

VSt s'v 43 USO o  O OOOOOOOMOh * l - » 0 0 ^ 3  . . ( * • • * • • * • * • • * « * * • •  I I *
8 8 8 8 8 g t t S c i S S 8 8 8 « « - 8  U Sm O <“ m |4 hU> M vO

O

*F#&%**3g*>0fc4

K*

a
ont*.
cf
213

tl
?©€*•U»a

oMH*

6

p.'"5
©
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a c t iv i ty  as fey W ‘ m th& l is equivalent to th a t  c f  32.5 sig o f

vitas& a B12 p®r Xh*

Th© Btopar f ra c tio n  U0U um ti in  ear < riiaoni 4 i-s the  TOC alcohol 

ifî oXtihXc? portion  o f the hot water ©xtimet of liv e r*  It was obtained 

from  Amour lab o ra to ries*  t r s o a r  and Oosspisy* Chicago* I l l in o i s .

Protases© (iodla&ted ease ls) •mm uaed in  eaqaerlsNKKt 7 ms a wstress*  

lacohmniata to  i mur* the a e s o it iv i ty  o f th© a s ln a l to  a defic iency  of th is  

vitcusin# Production o f th# hyperfebyrc&d condition  of th# chick f^sisXMag 

in  &m increased ao taboli#  ra te  would tend to  increase the d ie ta ry  require** 

Esonta of the ch ick . Th© protonon© ueed in  experim ent 7 m© obtained f re e  

tli® Gerophyl Labor©tor!©©* imorpormtcrlp I'mmm City* Missouri* This 

a n te r ia l  has a potoasy of a p p ra d s a te iy  S  tto& rm lm  as deteralnad  t$r th© 

antaajfeatuver*

Th© dried whogr Wid i s  ©3Kp@.ri»iit@ 5  7 ia  a product of the Western

Condensing Coisspany* Appleton* -leeonsin* It Is a dried stMty product with 

whey fcawmtcition s d u h le e  (Hibolae)*

Th® m&thcd fo r  d®t@r®inisg th© se v e rity  o f poro-si::- fo r  each, gnm^p wiib 

ueed fey the fontmXfc developed fey W illis , Morris end Eencer (1937) i

1 Ânii<lkLi»iî»»»̂*i jg 100 & percentage se v e r ity
O* OfSJrCrfCS* <& JLoi to b e r

It noted by tire degree of hock ©nlargcnont (H)f twisted or crooked 
t ib ia  an* aetata reus (T)* and slipped tendon (. } o f ©ach leg  o f each 

chick* auta&usbor me used to ImuUs ceverltyt 1* bscIgTmtls slightj
2* saoderatef end 3* severe. Sic severity possible for each leg
would th e re fo re  bo H jtjS j*  o r  a to ta l  o f IS per chick .

fat determination «i£ torn by nc&na of & foshlei app&ra tu,-. using 
ether. ’rled finely groun snsaplis of liver ?me srtraeted rl th Hi©
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arih^Srtms e th e r f o r  16 hours* e i tm c t  mms Jried  a t  100*0 fo r 30 sin** 

cooled in  a. dosice&tor end weighed u n t i l  constan t weight a s  obtained#

For datenss nation  of hcnoglobln lovo l 0*02 eo of the whole blood m s  

delivered  from e c a lib ra te d  c a p illa ry  p ip e tte  in to  10  ce o f f i r t l l l e d  

im te r In a to s t  tub©, one ;;rop o f conccntr&tsd a.iaaoiiiuzi bydroselcl# m a &dde< 

to  each tub© jm rt before the reading was ssde* Tho con ten t of the to s t  

tub® « i  poured In to  a ooXcrlsicter tube an tfc& rou.Inp sus taf©n latacd!** 

utely u ith  f i l t e r  54$ using a blank tune containing bio tilled mtt$r to r  

the initial a .iJur.tac.nt o f iho g&lvanoauter# hemoglobin m s ttotonsinsd in  

th© p h o to e lec tric  c o lo rim te r#  The density  o f  or.q^osoglobin m a

jscasurod by th** gulwinometor ra c in g *

llwt choline content o f ^4—p ro te in  was eimlys-SKl by the o f a niero** 

LioXogXe&l assay s i th  the sntant of ch o llao lsse  nolo Motiresnsm a a a a a  

according to  Horewita airl Beadle *s method (1943)* Th© mutant strain , of 

ifcnroer^m eM§M h©a lo&t the a b i l i ty  to  synthesis© ch o lim  on a s ta p le

medium ansi consequently m puiros choline fo r  growth*

Ftor* th is  setho- the choline content of 0<. —protein i s  0*0X9^* ihloh  

equivalent to  0*004$ of basal d ie t  containing 2 3 $ o^-protolii*



E ffec t of Bio To:.al Choline Sequireawnt#

The re su lts  arc  given in  fable 3* r is e n t 1 , .average

weight gain of eh oh a fed vitam in Bjjj-dof*:; eiotst d ic ta  receiv ing  0,075^

•nd 0 #1ii ’ tod choline vors 1 6 3  gia end 1 S9  rocpeetiva ly f the

average jmin -f chicks fed vitcuala Bj^Htopploaented d ie t  receiv ing  

0,075?" and Q*lf added choline wcr© 2 4 1  g® and 233 ga re sp e c tiv e ly ,

’■■ re s u lts  iori car, tiwfc in  th* vitam in B ^^-dcficieut d ie t ,  0,11 < 

a d d e d  c h o l i m  v s i a s  r e q u i r e d  f o r  b e e t  g r o w t h  a m i  0 , Q 7 5 i  o ' *  a d d e d  c h o l i n e  

w a s  r  e e . i r c . d  f o r  p r e v e n t i o n  o f  p o r o s i s ,  I n  t h e  p r e s e n c e  c  e q u a t e

lsvol*- of vitam in %£# 0*075> of added choline wr ~ -ecur .>oth fo r

"or f  • m ' fo r pyrosis prevention,

l a  experiaont 2 ,  (s©0 fab le  3 } the average gain of c. ^  receiv ing

eon'teinii^j 0,1b and 0,135b a 'of choline an., vitam in tms 268 g&

«nd :~76gm re sp ec tiv e ly , then vitam in B ^  not given, the average gain 

of chicks fed d ie ts  containing 0,1$ and 0, ! 25?l of sided choline ,ms 227 gm 

"",1 fdt * I got, ro©pectiv o ly * In  th is  cx^irliaoiit, w!ion no suppl*.iwotosCL v i t ­

amin tms given, 0,13 o f a t  i;od choline ?ms not enough fo r  b es t growth 

o r complete prevention of pyrosis* whereas t ' is  lev e l of choline va» ade­

quate when vitam in m s supplied .

In experiment 4  {Table 3 ) the average gain of chicks ,f*a d ie ts  con­

ta in in g  O,07bf G,ll& and 0*16^ of add© choline in  the areoeae© of vitam in 

i>^2 220 ga# 23.0 gm end 240 g% respectiveXy, while i t  was 165 £■*

176 ga end 2 3 4  ga , re sp ec tiv e ly , in  the absence of vitam in Sxa* Therefor©* 

these re s u lts  in d ica te  th a t with adequate vitam in 0*07^ of added choline 

was s u f f ic ie n t  to eromote growth. However, i t  was not s u f f ic ie n t  to  com­

p le te ly  prevent po rosis . In tine absence of vitam in Bjjg only the 0,16b le v e l



tmfhmmm o f Vit*uaiu B12 on tor  Choline

s f ' ' ' 1 1
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0
*JL____________
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fc

53*1

3 ^
*075 163 241 4 7.S 0' 0
#10 XC9 233 2 3 .2 1*1 0
*125 194 244 2 6 .3 p*'* -« *7 0
*15 234 0
•175 «* 231 mm 0

✓g / 0 99 136 37*4 T'j.O 90*0
2£/ *10 227 asa ia.0 11.9 V

*125 252 276 9*5 1.3

*07 165 220 33*3 1.0 7.5*00 160 210 36*2 4*0 1*0
*11 176 210 19*3 0 1*5
*13 131 229 26*5 2,3 0
*16 234 240 2*5 0 0

1/ IS dss^F-old chicks worn distributeB into groups in ©sperisents 1 mt. 4*
$ J  Cue ;?oek prelim inary perioXj XX eh io te  prar group,

2 /  *0041  ̂ 0j S . S  COi'iXre.x.iiltsU J. II IjCiUSlSiJ.

f j  30 m g vitam in B^2 t&mk a PF #3) contained in  vxj r  "  n& 1*
0*3 nog vitamin Jb? was -injected ner chick nor usâ k 
2  and 4 *

5 /  Tts© imire&cM in  gain ©btalma* tmm  the a ia ia tr a i lo n  of v ito a ia  
Is fexpresa#d as a percentage of the svor&Q® gals obtained frith tbo'
rsspecfciw con tro l group which rv c !wd the sais® Blot except for
vit&r&in B%2*
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o f  nMmd c h o lin e  ims adequate f o r  growth and the  p re v e n tio n  o f  po ro sis#

The re m it®  shown In  Table ale©  roves 1 th a t  in  th e se  ex p erim en ts ,

3S thus- le v e l o f  added choline increased* the percentage increase In gala 

between v l t r a in  B j^adegasia  and v itam in chicks decreased*

Timmt d&t&t therefore*  &hm th a t cho line ex e rts  a sparing notion ©n the 

v»qnlmmmt to r  vitam in 8 3 2 *

From tile- r e s u l t s  of the  above essporlmosta 1 ' may bo coccluded  t h a t  ca . 

0*1$ o f  ®dd©d total c h o lin e  is s u f f i c i e n t  to su p p o rt growth on p rev en t 

P y ro s is  mmri wlmm mm adequate le v e l o f  vitam in. ffyg I s  supp lied*  l a  th® 

absence ©f v i  t r a i n  o s  th e  o th e r  hand* f r o a  0*1£ t o  0*X5w o f  t o t a l  

edcted e h e lln e  i s  S ince th e  ebolim e co n ta in ed  I s  th© b a s a l

d i e t  irns on ly  *004$# th e  t o t a l  c h o lin e  l e v e ls  re q u ire d  wcml ■;• eeaem-* 

t i& l ly  the sane*

fho Sparing L ffee t of Betclne on Cholino iiopuirenaat

m m I t s  o f ^xp ^r im n t 3 a re  In  Table 4* ’iho average

gain  of shloks fed the 'basal d ie t  containing' Q*05$ betaine and 0*1S 

choline m s 319 gsi which 1.. comparable with the average gain of chicks 

fevi th© bairn).. S lo t pirns 0*15$ choline a l o »  (315 gs)* Th© average gais 

o f  chicks t&d the d ie t  which contained 0*05$ Choljitr nlus 0 *0 5 $ be ta in s  

wm 287 gm# Chicks f ml the d ie t  supplemented w ith 0 *X$ added choline 

alone exhib ited  s l a l l a r  gains* However* 0*03% chollnc plus 0*05$ b e ta lm  

m s not adequate fo r  the prevention of porosis* Also 0*05f ©f added 

cho line  alone m 3 not adequate fo r  normal growth#

These re su lts  in d ica te  th a t  betaIa© had & fimpploaentftry e f fe c t  on 

chick growth when it was dried to  the d ie t  containing *104$ ch©li»© but 

■Hd not h?-ve a suppleaetttexy e f f e c t  when It wee added to  the d ie t  which
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n » « , y t - #

3*)

o-ptrir̂ ; Eff©©t of Betalm? <»i OIk/IIb© r©Hi *it

t
«TT. 1 , r ....  # |

mM®40 %

i
i
$

............_ .. *_

o *05 .10 .15

QktiXitm
fSfjj-.-

1

1
I

Averts weight gain s i  A i»ooke fpt)»

0 157(79.4)** 167(60.0) 190(74.7) 164(60.5)

•OS 265(23.1) 237(28.4) 271(13.6)

• 30 289(0) 319{ 2 .7)

•15 315(0)

11 20 dar«*o3U: id&tmir Fjjg-'leftcleat olxieks per rroop* *00£;:> et'rllne
;,JK'. i.i U-A. . # 'fex^k*^ **£ '***» # 3  rt ^ @ * 3  to  : r; " ly

2 0  oieg of v l ta a ln  B |^ por kg of d ie t*

S ev an g  f-^rosTs
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eont&lned only »054^ cholii-w* Therefore* betaine demonstrated a growth 

p raso lin#  sc tlc i^ n ly  when s u f f ic ie n t  *oaaenilsdLw eholSnc war* supplied* 

Bot&im a lose? d is not strove provrih uadsr the co a litio n s  of ah .a aacpefit* 

nasi*  S o lther f id  it prpYtat p t r s s ia .  An adsqts&tc le v e l of "essen tia l*  

eho&itie itself apne&rs to bo TO-cuilras for* the Tevenal cr "onoai«* III
•this study* even wh^s an adequate le v e l of vitas&n B.^ supp lied , moro

than *054$ but not saore than *104 e s se n tia l ohoilJiB rw r !rcd fo r  

•ao;ns&i. »**#■ *h and the prevention of porosis*

he Beqal re se n t o'* ao ^o tia l Choline in  'Its* Prvsvnoe a
^t«as©  iid T lta a la  Bi^ Betaiao

*>*♦m o u lts  &ro given in  T&bXos 5 as*! O aSfca F ig u re  1  cUf i

&Xj;#ri-a©ttt i # when ao v itw ain  fed* *007$ of es^ratJUu.. ohollns

rov^fnof to  support growth and prevent p*rosls(Tfcal* 6)* In the

p ro ^o ce  of M®quai« l#velo  of v l ta n ia  ft** '^m£l *054? hut leas
choline

them . o n  % m®&&nt±®£/vm& adequate fo r  w4j> and *0ilf o am iitla i oholiiao 

■% m m & m r?  fo r  the pr^vestiosi of poroeia (Table 5)*

in  onporimestn 2 and 4# when -su ffic ien t vitsuadn s'&a supplied*

.w^4 s c s e a tie l  choline attpportsd s w l  growth but m s not adeqmt® 

fo r  the prevention o f porosis even l a  the prison©# o f boi&ltja to  spare 

to# aaup»V4*e&tl&l eholiî * Faroes *074$' 'to *0S|$ sheilas vaa re ..red to 
prevent perosio*

In oicperiiBeat 2f ,074$ wasoiitia.,. choline *m& adequate fo r  growth b  

,034d ^oooatlal choline m s required to  provent p&ro&ls when no vi'toaain 

Ill2 was #uppli©> Is expttriSHttt 4# *034? 4 t,»» J*idUil ohoX.Iiy;s w\i3 

fo r  norsKtl growth onu prevention of pezw ls*

la ■e.xperiac&at 5# the bm&l diet ooatainsd 3$ dried waop is &wlibioaa 
to  Z$% o f ^ -p ro te in *  ";r ied  wh&y &m <K-pr® tel®  cont&iaed *005$ sad *0 0 4 $



** fo r  '.i.J. -.hwXJLofc Iri i£u»
«* K»< * VlW &a ?tj> eV, bci& im .

*

:
■HlSwilwr,

Detains
%

Avcrf.cr naln 
4, tcUs*■. ;en;

j^ ro e ia*-f

nn f0 *»■- V «• 0 113 *" ,/l/ 9v*X
♦054 • 10 204 {75.8P 10.5cm ̂»>»*• / *&*- #*-'4»S* / A/ -  ̂* (103.0} 9*4
#Uî / • 0 6? T29 (96.81 1«* *- f 0 (100.2) 0

•004 0 136 m . rCVC * * *

* «*»* •1C "'ib C&W0) . .4
#064 *09 27' (97*0)

C97.0J
: . #r

/4 *02 74 * <"•

.154 0 236 Cxos*sj 0

1

•C?4 0 137 *MF 45*0
.004 ♦M US 49.0
*n^4 •11 ■-yn ** .*«&. * i ^  >) 4*^
CV* •10 231 fr. \ J, > * / 6*6

.07-4 ♦00 229 V y>.*-^ ;wfir%/at- •OS 234 ( lo o .i )
• I64 a / f; itXOV.Û

*oo? uf  -a .y
«5 *%f*'
»tfV;J4w «M»

1 / •  * * n u44 {•3 5 . 5 ) ij»#9
*£&/ *059 *10 n5? (99.0) 12.5

*0fo9 . 0 9 ••yi'WH**: (99.5) 5*6
•079 •08 (104,0) / <• 4««»
.159 0 257 (97,2) 0

1 /  n q!  ehicbDi w-• ■ ■"- .'■ ■> •• J ' ' l.& 39 BSOJJ Tit,!".'■651 f i e  1 ‘ ^
of ^ io t.

0 ©h**®X/ 0hickci| *3 Tit* B^2 in je c tn i ner el ir  n-;r w??U* 
w***cl' a r-ch| *3 taf>  v it*  l i 2  trc i n j ec t -  T or c‘*a .;roup*

IB ‘n;~©1 o* a*' *n.n. ;..**r / V : * -* a xi i JC „ ,*« crnvbrJLXIaa
YJ* «*• i»-X2  >C*r **4 UJL O.Let fod*
t  cholln* ’ oqulT̂ Xe-Bt t the $ ad fee '-Xus 9 choline contained in 
be; a"
^ n’-cn-n t ea lcn tn tc ' by ecaipninc n value of X00 percent to V :^.ln
in  i ijl.fc 0 T@.r the lr r. ;ro*. vshon on ©davi«&fce amount o f c h d la e  wm 
aupr,lief* fhs 2S5S tnao obi - j^M iro n  an r aquato l e w !  of ehalla*  me 
baoofl on an evaropc of th© 'lateauchl croupe*
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Figure I ( From Table S ) . R equirem ents for E sse n tia l C holine in P resence o f Vitamin Bit and Betaine

120

IOO IOO

■o BO

SO 60

4 0 40
E x p e r i m e n t  i 

E x p e r i me n t  2

E x p e r i m e n t  4 

E x p e r i m e n t  520 20

.0 4 .05 .06 .07 .08 .09 15
%  E S S E N T I A L  C H O L I N E

.15 Ti JO !<$9 !o e  "07 "o6 xSs ~ Q 4  O
%  B E T A I N E  H Y O R O C H L O R I O E
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mm: 6

Eeqtti At fo r  l.cnciilJ 3 41 ,lin o  . sjo© 
of n Bj_p : -it isi ' r . . crsc.* of V is e

• .iTjiTjr'ffft>’ fifiT<tiifBiiiwi>iii.iiinni.iiiriiiwiiOn iiimii<i'iiniiiii*pni i hiitfitiiin wiiinwinwitiwW1 rr n»<iii>inii»iijiTim(iiLi'i"i mMii>n«wilW»>wi**Mfi*rriwiTii'xi ii inrihiwiiiiriiTiiiiiiiiiiiiiininniriiinrm ̂  r - rm-Tf'~ r T''iriiiTiTTitiTiiini<Mrwiiin

1 « /  1 1 1Exp* $ C holim m  i Botaljo© * h m m m  i ^ l a  * Bnroaiis
Mo* t % : % during 4 mtrnk® %

t t . ^eT©rl%
2 * * *

nri*iifiyiir i[i i r!frin»iii~i>iirf ifi*Tnif> iiif iirmrg-wiiirnnrrrinr r -iiirrntiiiiiiî Nmirir ri' -inimir»m‘i i - -Tiiii«̂f<r'ri-»iimi'in-in(frrritnu-nri-iiiTrr-rrri -nn-rYirniTt̂ Timrrvii-T - 'imm r-~i--Tinnr-rmrrf

.054 .10  132 -  52.7
w  .071 .083 162 ( 52.7) 3.2

W  .087 .>067 184, { 91.1) 1.1
.104 0 189 (100.0) 1.1
.129 0 194 (109.0) 2.5

.004 0 99 75.0

.054 .1 133 ( 59.6) 21,0

.064 ,09  220 ( 86.0) 14.0

.074 .08 242 (101.3) 9 .0

.084 .07  240 (lOC.o) 2 .7

.154 0 239 ( 99.3) 0.5

.004 0 71 33.0

.004 .16 122 -  60.7
,054 .11 176 ( 53.0) 6.1
.064 .10 200 ( 79.3) 6.6
.074 ,09 185 ( 67.3) 0
.084 .03 219 ( 94.0) 0
.164 0 234 (105.3) 0

.009 .15 108 -  66.3

.049 .11 117 -  25.3
,059 .10 195 ( 38.2) 4.6
.069 .09 206 (lOO.C) 0
.079 .08 204 ( 93.0) 13.6
.159 0 209 (103.3) 0

y y y y y y  -  «  in  Table 5*
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Figure c (F rom  Tobls S ) . R equirem ent for E ssen tia l C holin# in A b sen ce  of V itam in B« but in 
Proooneo o f  Beteine

ICOICO

IOO o  — IOO

•o BO

•o6 0

4 0 4 0
E xperim en t Z

E xperim ent 4  

E xpe rim en t 5CO CO

.15,0 4  .0 5 .0 6 .0 7 .0 8  .0 9 1
Sfc E S S E N T I A L  C H O L I N E

> i 1 i ■ i i ■■ i — i i ;----------------------------------------r
.15 .11 .10 .0 9  .0 8  . 0 7  .0 6  .0 5  . 0 4  O

%  b e t a i n e  H Y D R O C H L O R I D E
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ohoXlnc Therefore f the m ss I a e t  contained *009$ choline#

n th -::xp r̂if&8&t * vhon mi aJoqu&te lev e l of v i te n ia  was supplied*

*059? es&enfci&X ehoUir sufficient for grovftli sad *06f, csacntiaX 
choline wms alequet© to  prevent peroaicu In  the vitam in le n t

dlofc eontaii^ing *0 6 ^  e s se n tia l cho line a s  re«..ul rod fo r  growth and

pyrosis prevention# F*e& these re su lts*  it i s  < v l'c n t th a t  betels® la

not o ffse tiv o  fo r  prevention o f pem sls*

From the®# four ®&p®rimnb&9 chicks fed d ie ts  co&iai nin& no vitam in 

®X2 frm #0&tf to #0$7$ of #©sei*tial choline for grmHi md the
prevention of m is s i s  in  tfaa presence of botaine to  replace t Im fo r

aon-osoontlai choline* ^hon on 0 Jeqtmte lev e l o f vtt&ffiln *&5 supplied 

more than *0 5 4 $* but le s s  than *067$ o f  ttecontlal obolia% m® reqtaired f o r  

chick uro t  * but #0 6 f$  to  *01??$ o f « sa # n tia l ch e lin s wss n^oesm i^ to  

proveiii re rea is*  Those- jmm.lV  c le a r ly  show th a t  w on in  the  presence of 

V itaaiis % 2 * bo ia lae is  unable to  rep lace the e s se n tia l choline require-* 

vmnt o f th* chick* It sis© appear© that vitam in suprXoiaontittlott 

increase# the aoverltgr of pcrcai. o f ©hicks foci tit© oholino-lo® h&ml 

d ie t*  Beeever# vhen choline %eo dded to  ih® d ie t ,  v itam in euppX©** 

m entation did not e f f e c t  the la c i  :onee of perce&e*

E ffec t o f Choline* Set&lne and Vltasdn Bj2
on nemoglebln Level of Blood

The results predated in Table 7 rovoal that the addition of choline
or bot&in* to the basal diet reduced the hemoclobin le v e l of the blood of 

chicks* tli is  d iffe ren ce  cannot to Xiltaod but believed l& k ? t  re— 

s u i t s !  because o f d iffe rences in  gxtmrth rate* The v ita cd a  Bjjg content of 

th*a d i e t  clid not Influence the hos&oglohla level*
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n s m  f

o f C h o l i B o t e l n e  and 
VXt&iain B^ 2  os l^iO f^oM a Beml of Blood.

I
^ u ^ le ao sk  i tt@mgl&h%n i p  ps.r 100 m  Hood

1 t i
Qhollao i Botalfi® t I kxp®r±m&b 3

addod I &*M#d t M . I- ,

$ « * i f 1
i I WJLtfemit Bj^ : f i t  % 2 s With Sts*

Nirf __________-i- 1 3

8 * 2 2 8*26 9.25
*05 « * m « . i*65
•10 * » 7* 84 7*12 8.49
♦15 mm 7*27 7*51 7.51

— .05 - • » 9.35
— *XG — * . 13*15
* * *15 » * * f *90
•05 *05 7*53 CkC 7.05
♦05 #10 7*49 7*29 * w

# 0 6 .04 7*34 7.34 « »

•06 *09 7*37 7.16 » *

*0? .05 7*35 7.57 -

♦0? ♦OS 7.34 7*51 —

0 0 *02 7.65 7*63 « »

#0 ♦07 7*83 6*27 •***»

•10 *05 7.69
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Effect o f Yitniim Goneenir&t© ©a 
Ifetlionia© nn.' Choline Remirefscmts*

Tbe r* ** Its of experiment © eiramsrited In To,bio fwĉ mge
c , o f  r  t r * mu Bj2^©f:ioi®nt chick® reo©lTiri|? n e ith e r  eNAifie nor nsethio-* 

a i m  m s  on.lt/ 340 gaf whsre*& the rw rag©  ra in  o f  v tt& n ln  B ig ^ h ^ f le ie n t 

c h ic k s  1%'" d i e t s  c o n ta in in g  e i t h e r  15 sasthlonine o r  200 rig o,f ehoXirsa p a r  

lb* weis 333 fP-* sal 407 g% respectively* This -inJiesitos that ia that 
nbresie© o f  v lt*«ntn  eoneoKtxete* a d d i t io n  of m th lo t iia *  ©2* eholia©  

r e r u l l ^ f  in  r  ^rSced j w  i t  response* r h©n ©hoi 1 xm was fee? in  ©o&hijs&tion 

with, added n&thXoatn® in  & v ita m in  B js r tm  d i e t  ( d i e t  4) th e  overage g a in  

was l agprqto d  to  426 get# However* in  th e  p rsiem ©  o f  th e  v ita m in  Bg^f* 

coaocnbrtite  the  a d d i t i on o f  ©holla© mm m?% req u ire d  in  t&o d ie t  i f  *14 

m eth ion ine  wtm irsoludecl ( d i e t  3 )* tAko%?i&<®$ th e  a d d it io n  ssetbioniis#

m i  n o t  re q u ire d  wh<8& tb *  v ita m in  d in t  oont&inod 200 ng p e r

lb*  c h o lin e  ( d i e t  2}* T his In d ia * te *  t h a t  V i t k i n  Bxg* ^ h o l im  sM  

m&*mlonixm haw  n ©paring ac tion  ©a ©ech other#

isffteei o f GfcoXlnft* E c ta ln e  a » i  jftotfclonlnt
on Growth and Berosis of €Meks

I s  ostporim nt 7 ? ch o lin e , b e ta im  u ncthlonine were added sin g ly  

and in  ©wbiimtioa to  © ch<&l&e4Xett purified type ©hick ration* The 

•jaeibyl gtmtpn equ ivalen t supplied In  the d ie t  fc$r ch o lin e , botaino ©ati 

jacthionia©, o r  ‘the comMn&tlon o f these sul^t&nces, m m  ea lou la tcd  to  

be the same fo r  diotsi 3 'to ?* The basal d ie t  contained *00$$ choline* 

The level© of eholin© re ferred  to  ho ra in  rep resen ts the mMmd eholln® 

plan choline contained in  the basal d ie t*

The r e s u l t s  -of this v *■ ia o n t are p resen ted  in $abl© t* Chicks fed 

diet 2, which c o n ts ln o d  *065% choline grew norm ally  uad did not exh ib it



n n m  a

affect of V ltaala Big Concentrate <m 
gbthionlnc e*r Gholi« 0  l^uiw saeafc

^s^wA ’̂̂ âwelimhiiiW

Mo*
t i e t
Jlo.

‘'up?

u>3 
added 

ag/lb*
added

*

2 0 0

^vem gf f:sinS/(cpi} 
goring 6  geekg«

*ith Bx2^ /s  lih o u t

46-9

430

340

409

495 3S3

50 406 4 2 6

j /  P ra c tic a l bsnml d ie t  m s uned (Table 2 )#

2 /  1 5  day'-old ehJcks per group*

y  ¥ Iiim is  % 2  was added froa  ferck*® nAFP* # 3  to  supply 3 0  m g  v ita islii Bl$
per kg of d ie t  on chicks hatched frons eggs obtained fran  horn fed noraal 
d iet#

4 /  "A^F" concentrate added ok n t a a l a  chicks#
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'  , - U S  . V

( 7}#

E ffec t o f C h o lin e *  j&Ui&m iJt- r e t h l o n i n e
cm Qro i and ^rosi® o f th ick s

Diet s Supr.loaoai s Dv< r  gain** 
i during 4  wks«

«#9» ' «rers.tjr o r 
Porosis

a
o 140

#G6j£ chdl 196

46.9

*06£ choline /
.0sa^» bot&xiie

aia n

*!$& choline

,13^  betalm

231

15ft 54*3

B #15’̂ cholirso /  
.23&̂  bo tains

120 49.4

309 ft

.<>01::" choltna l a  Biopar 0 which i~ equ ivalen t to  .CG0Q1& c h o l i c  in  
the Basal d ie t#  The anoont i s  m ^lifTiblo* Therefore* .004$ choline
is  in  the !»;,*■: 1 •: "r in iir ;  Z3t c lp h ?-p ro te in .

*** Id .'&y~ol nora&l chicks ??er group.
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piwif* The addition of ^  Uiioalac or beta in*  (d ie ts  6 and 7} were mh 
e ffe c tiv e  fo r  p ew eiin g  growth and e-raventing pcrroslgs*

E ffort o f C holine, detain* and g£»thienlne ©r« flat 
Content o f  l i f e r  in  ib© FranaisK© o f f i ta M n  B ^*

The r®sialts g i v e n  I n  TehCL© 1 0  o l o a : %  I n d i c a t e  t h a t  ‘Use a d d i t i o n  o f  

e h e l l n e  Immmd t h e  f a t  c o n t e n t  i n  t h e  l iT o r *  c & o l lm e sc o r te d

a l i p o t r o p i c  © f f e e t *  ^ o t M o n in e  o r  betaine nppoare<l to ia c r a a .s c  the f a t

c o n t e n t  of the l iv e r .

leflsaam© o f f 'i t u d n  Bipotrapie
E ffec t o f  Choline and Betnlae

The reaw iis &ho«n in  Tfeble 11 in d icate that vitam in Sgg lovers the B it 

content o f the H irer. thrnrmiwmp v ita a la  llj^ tt lip otrop ic s o l i  on*

Thin might he exgraertad »inee vitam in %*» is  ooawemag with tfmnemethylet&esk 

reactions t swi spasms the roqmireawnfc fo r  etioifjje*
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X/.fLf 10

«ff®ov o f Chol3ui# v -ft. ' auM ri*je
on ™nl ooiuV at of *Xv t *i: < y< of V l^air,

UP'l«»©«fc

• 1 . •* ..i111 .f , ...j»i.i.i,>«i. .JU &MJ U*J ;s© i
addtrf af^ed

; $ fat In Liver on 17 fstsic*
«v-'.v|inMwM:W 

»
lispari..s^ t fa rc e r

6

• » 13.1? 13.19 13.60 11.27
. 0 5 mm mm mm 1*2*46 mm mm mm «N> mm m
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,o§ *02 11.61 *** mm -mm mm «** mm « •  * *  * .

•05 •1 13.56 13.67 mm mm mm M *  «W> * *

10 *05 * * ■ i »  mm mm 13*0? mm am mm* « f»  #MB M

06 *oa mm mm -mm mm * •  *  - ~  ~ 11.6a
15 *136 mm mm mm mm «fft* *M» «** #** «w* mm 11.62
06 * . ,163 mm mm mm ~  * » mm m »  « * - 11*33

*** m* «g» •*% *** 12.22
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©holism no imre&ck .igk i gain m s observed* Those workers a lso

aoioT growth response.5 In  ©hicks tosiotM oM fse, hozsocy t .  n% o r  horjoeystine 

&nu bctain© only whim irltrajds «&s added to the diet* These finding#

arc  c o n f irm  ty  & lit±r ond ?iorris (194,) vir r* ib I vitia& n

o^mwt&A & sp -rin g  ac tio n  on the ©Hiek m^txir*^ n i  ie r  x 'v  saath^l grmii^s 

{©holln© and fectaim ) in d ic a tin g  tlm t a t  lee *t one K»t* *> function  o f

Vitcusta Bj** la  ©o&comftd w itv trarK iiastliylatior. I *.X&rly i t  has b@#ii 

fmmA tlm i f is h  mmii (Button j i  &1* 1946} ant v * n (Briggs jg& al*  

1950) Xemox&l the v®t$*Xmmnt o f th© chick for ttioihioaim* Jukes and 

•tokstad  (1949 afii 1950} a ls o  derjtonstratcd t h a t  e h o lln c  c a t  Esethiofi&ns 

i^qul.rw ^nt in  the chick fo r  narlimisa g ree t’ m s g re a te r  ??h©n *1 tamia 

was not eontainod in  the diet*  relationship  betwe«B vitamin

issstkioain© hat a lso  boon ~]©nt»astjut©d in  the pig %* Outim â ,* (194-9)*

Hi© r e s u l t s  show th a t whcn d ie ts  ©©Btninad so ir i ta n ia  b12» •06&S 

t© *009$ of f?as@nt* 1 cholin t ima inquired foi ro  1 i f  v'm

added* Xa con trast*  when diet® contained vitam in *054$ to  #06*1%

o f  o.-s©ntial ©hoila© wan adocmte for  promoting giw ili*  rssu i t s

imdie&t© s s i s r  the eo&dltion o f  those szjcpcrlaents* ©holine used tty 

th e  chick omm iiwidmi in to  ©aaoatlal and ao iw jsacu tis l choline* 

t ic .l  chollnc cannot bo s^plnecd by betaim * Thin find ing  is  s l a i l a r  to  

ihoo© o f  itg K iitr ic k  (1948) oho found th a t  th e  ©holi.a© xtoqtoimaont o f  th e  

ehi.sk fo r  anjr given m to  o f  growth on a hcaooydtln© su^iplerrn-tad d ie t  

waa a rcedm toly two-thlrda rep laceable  'by betaina* For o p tim l g$insi 

e h le k s  re q u ire d  c lo s e  t o  0*06% bot& .|no-4.ri^pM cim 'l 41 ©h.©Um@ a m  0*34% 

rcplacca-blo ©hcllaa 5 a  the diet*  th is  figure- of 0*06% Irrep laceab le  

choline it, in  ©los agreement to  i&oc* presented h ere in  ©rxl a lso  is  in  

agreem ent w ith an  a p p rm lm to  figur©  o f  0*05% found in  the  prea&ncre o f 

surplus sK’thdeoioe or tsetM osine plus betai&e (A lnguist an Crauy 1944)*
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However, m m It*  presented herein chow that vitam in B^g influences the 

m qulrm m nt to r  ©holism* XMmr the condition o f thorn  espeidaM&e choline  

c&nnot ho ayntbemised in  the body o f the ©hick. Hotrwer, Schaefer 

(1951) demonstrated that vitamin appeared to  be Involved In the apo*

th e sis  o f choline from  cthylaari^oee thancdL in  the presence Of methyl donors 

suoh &e methionine or h ete la s. Hie workers explained the a b ility  o f the 

©hick to  utiX tm  as thyX&mlneeihmael plua betnim  or methionine as a replm©#** 

tsemt fo r  the dietmry eh eliae  e ssen tia l fo r  growth end preventlm  o f peresla  

whoa the d ie t  contained vitam in me follow s# (1) Hi# d ie t  contained 

su ffic ie n t raethyl to  m tfcylete diaethylatgdno^tlmaol to  choline cod vitam in  

i s  Involved la  th is  transfer! <2) flta ia ln  Byg fUaotlons la  the u t il ic a -  

tio a  o f d im thylausinootbaisol mm e replacement to r  ch olinef (3) Vitamin 

sM sulmtcs the synthesis o f methyl groups functions in  the synthesis o f  

©bolln© thawMBgh tmnsmetJ^Xmtiou.

f&rWmmwmmp in  the r a t , ©holino synthesis from c ith er  betels© or 

aothXcnln® has been reported by other workers (da Vignenud X939|

a rim tfc*  i m i  ©md stottca*  1941)*

Betels© hod a supplementary o ffs e t  m  chioh growth when I t  m e added 

to  the d ie t  containing *184$ choline but I t  4M  net ham a rapplsmiitmry 

e ffe c t  when i t  m e added to  tile d ie t ©©ntainiag only *054? ch o lin e. there*  

torn*  betels© a growth preseitmg motion only when su ffic ie n t

eseentimX cholin e m e supplied. This r e m it Is in  agreement with the find*  

lugs o f Be&lnstm ĵ j, (1944) who reported, that the addition  o f  b etels*

or methionine to  the chick d ie t containing «0S£ ©holla© improved chick  

grewtli« they mssused that both supplements eeslsted  the ©holla© In a 

ctethyleti&g cap acity , thereby increasing the ©holism supply availab le fo r  

growth. Thee© workers mlm  found that In other d ie ts  in  which the choline 

le v e l (*03£) m e lo se  than the le v e l o f  e e e e s tle l ch o lin e, very l i t t l e  or
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no improvement w&o noted fro a  aothioaiisa or be tain© addition* this ad d itio n  

of choline rauultec! in  a strong re s n o w  in  evory c^m*

V&taaln increases the se v e r ity  o" mroaia of eh-e* c fed 

d ie ts*  -.1 so, beto.I no did not prevent yerosb Those flm llanv w re  s im ila r

with thoae of Jukes and Sioks'iad (1951)* The f&ei th a t  fa ta ln s  eed

n o a-o ssea tia l choline fo r  groat! t but mo not a ffe c tiv e  fo r  the prevention 

■“d* peroais i s  a lso  in  agreement r 2th  the work: o f Juices and ’’eleh  (X94f)*

The In e ffe c tiv e ly  ah o f be ta in#  and msthionine la  u r a ^ t l r s f  growth 

&bI preventing 'sroair: i s  aholl&o defic iency  ..stdicst- t  the chick 

d id  not sfMthsialm  ©holla# frm m eihlaalao  o r  bcbain© to  a^y moatnxrabl© 

degree* Baisiso m y ow n bo foraoc! in  the ©hick f r m  cho line sine© a 
eho li na- sparing a c tio n  as bet&ine i s  -iisiitK stly Indicated* S im ilar re** 

suit® worn imported by Jukos (1940) in  th a t  asth ioninn m s  in®ffmotive 

fo r  the prevention of porosia* Those find ings fire a lso  is  n.gm&w&n$ w ith  

those o f HcOirrnio a i .  (1944) who foam, th a t betain* and methionine were 

in e ffe c tiv e  in  promoting growth and preventing porosis in  the chick whoa 

added to  p u rified  d ie ts  but b \ a were shotm to  be e f fe c tiv e  wlms added 

to  a oiapXified d ie t*  In c o s im s t ,  eh d i n e  prevented peroeis and promoted 

grortti on both d ie ts*  l*hr» tlsorofor#, suggested th a t  chicks aar© able to  

synthesis© ebollne f re e  betain© and methionine wlias the sim plified  d ie t  

m u  used*

Vitamin Ike did  not Influence the heaoglobln level*  This i s  indWG» v:''

apparent txgmomnt with the observations o f U ch o l §£# (1949)# vho 

reported  that v i tesain clone did net influence hemoglobin

in  the chicks* Furthermore, in je c tio n s  of fo l ie  acid alone resto red  the 

hemoglobin value to  nocra&l* These worker© fount! th a t  the ©orafelnation of 

v itam in  £-|p and f o l ie  cold caused a mere rapid I**;generation of heisoglobin
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4x»n an adequate le v e l of v itam in 3 ^  was p resen t i;a the d ie t ,  *104$ 

of to  til5 choline m s  s u f f ic ie n t fo r a o im l ,.:iw th an... tho  prevention of

poroaia In  ch ic’, . * In  c o n tra s t , w!i#n v i ta s ! a  B ^  wa« not p resen t in  th® 

d ie t , *104d to  #154? of hoi&l choline a ■■■• req u ire ! for growth ...or. the 

prowa t lo a  o f pero/la*

Bet&ine b& oupplosaenfcarsr o f  fo o t on chick growth whoa tc  m s added 

to  th@ d ie t  contain ing  *10&t o f choline* Ummmr$ be tain© ckL; not !mvo a 

*t p^lu. jo ltin g  e f f e c t  wbon i t  m s addod to  th is  d ie t conUilxiiag only ,054^ 

c h o l ic *  Therefore, het&ine exerted & growth ;roaoiing no tion  o*uy whom 

s u f f io lo n t  eroeentlal ch o lim  m s supplied* Bodor tho conditions o f tfeoa® 

ostpcri-aeuiof botcia©  a lone  d ie  n o t improve growth ®r p re v e n t p y ro sis*

Choline 1 If ms required for the prevention of porosis* I!i©r©forot i t  

& ' pmr «h * is the presence of an adequate Xsvtsi of v i ta s in  B^ ©or© 

than «054£»but nofj nore than *0371,of e s se n tia l choline is required for 

a o rm l gross? th  anti the prm®rM.mi of porosis*

’"liea the d ie t  contained no euppieisrB'tal T liam n  to  *01171

o f e s se n tia l choline m s required to  promote growth ex., prevent paroel* 

idion ho tr in e  uas t m t j .  k In the d ie t*  hen on adequate anount of T ita a ia  

1;X2. supp lied | mors than *0>41# but le s s  iM a  *067,1, of e s se n tia l choline 

m s  inquire--, fo r a o im l growth hut *C7S9f to  .0371 of e s se n tia l shollno m e 

re  \ui*\w ~ prevent porosis* hen tho baonl d ie t  contained sc  choXXa®, 

v itam in  1^2 InsxwiiMid the sev erity  of pyrosis ■.£ chicks* iic^aver, ?fcen 

eh o llm  me presen t vitasaia £-22, not e f fe c t porosis: *

"mz, p ra c tic a l H o t containing no vitam in B^2 *©- to  ch icks,

vhe ad d itio n  of methionine o r choXlua resu lted  i a  a mrke-X growth rospoa&e* 

then  choline mu supplied w ith a&;od methionine in  the ahseao* of v itam in
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B jy |f  t h e  tfe  mBpmm mu g r e a t e r *  ie w n m r *  in  t h e  pmmm® o f  v i t o t t S i i  

B|2  the of o h o & ia *  eee n o t  respired in t h e  diet efctteh «nmbMMI

* 1 $  a & th lo & l& c , I n  %hm pmmwm o f  v l t g e f c i  fe jg  th m a d d i t i o n  o f  mW&m&m 

stlm  m s  n o t  a n g e la e d  u to ta  t h e  d i e t  © o n t a ie e #  3 0 0  sag o f OheXlxse p e r  Its-*

Xa m d i # t |  *®&S$ c h o l i n e  iscpportei a o m iX  g t m t h  an d  pn$**

vented peroais* th e  ad d itio n  o f m%hX<mim- o r  b c t a i m  wae a c t  e ffe c tiv e  

Iter pm m M m  tM  t h e  tametehiea o f  pesreete* fh# t i tw im  Bg|

con ten t o f the d ie t  had no © fleet on hs&ni^0h^3$M leocl^i

Gho&im mmrt e d  & X i |* o tr o p lo  e f f e c t  s M l e  u se tfed on iae  o r  b e t a i n e  

f t ^ o u e l  to i m p s * * *  t h e  f a t  c o n t e n t  i n  t h e  l l v w  of o h io fe * *  f l i e a l t t  B |^  

lettered the fa t  cobtent o f  the tleer*



nm ix» 

i,Qticm or r r m m  %% in

AMIMO Af-' rn?AB0U3!d*

Timm e r  were nmS&rMmm to  Investiga te  th© e f f e c t  o f v ita s tln

B|p> on Ums growth in h ib itio n  and s ie r ta l l ty  of ©hicks £©4 high le v e ls  o f 

severa l d if fe re n t &stlno ac ids ant! i t s  influeaeo os the blood le v e ls  of 

g lu cose  and nitrogen  containing compounds in  the chick*

frQomfaUNm

Wm WMmpmhlT® chickb o f  r&beed m x m  t r m  l&m mxint&lmd on a wiro 

f lo o r  were fed a v itan iia  B ^g-^afloiont d ie t  oxcept as indicated* Timm

chicks were reared in  e le o tr to a l ly  Heated b a tte r ie s  with mis©4 wire 

floors*  Food and m to r  fier® supplied jyj, iS k iS S *  Xn sxpeii. taints IX,

13 and 18, :ley*©ld chicks were ueed* In the cxperisea ta  fH

to  10, 12, 14 to  17) a om~wmk p reliia inary  dep le tion  period i&ss mmpl^m4. 

to  fu r th e r  dep lete  th e  ©hicks and to  standard ise  the e f f e c t  o f ^carryover* 

o f v itam in Bjg* the ©osaposition of the vitam in B^«*d©£i©i©fst basal d ie ts  

in  various escperiaeiite Is  sitmtx in  'TabI# 12* The percentage of ©rude 

p ro te in  m d  c e r ta in  ana no acids supplied by the^e hansl d ic ta  isaa CftXou»> 

la to d  to  be as fe llow st orude p ro te in , 21*26f a rg in in e , 1*07| lysia%  *88$ 

i a ilo filas, *49| c y s tin e , *31$ iryp to ffcno , *26| g ly c in e , 2*2S| h is t id in e ,  

♦476j ty ro s in e , 1*05| phenylaloaiiie, 1*20$ th reon ine , *83$ le u c in e , 2*81$ 

ie d e u c im 9 *94| v a l in e , *92* m rin g  the one week pmliM.m-.rr period the 

chicks werv maintained on the resp ec tiv e  vitam in basal f ia t*

At the  end of the dep letion  p eriod , the chicks wore ving^bsiaded, iJxiivicW 

m l l y  rK’ii^wd and d is tr ib u te d  in to  tmiforra gimips on the basis o f body
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tmtM 12

Composition o f Vlt&aln B ^ j^ ro fic lea t B&rnl P ie ts .

Xagrodlonto

t
*,„ €
t
t spojptosnt ita iber #
i
#*

i
8 t 10* i i*  i z § m

I
« 13 -  17

Ground fo llo w  Cora 60*00 62*20 62*20
Com glirton mm1 10*00 7*50 7.50
Soybean o i l  aea l {44f- pro to in ) 15*00 *
Sasjrt'ean ©11 s e a l  (502 -ro to la ) — 25*00 2$*0Q
Cotton Seed iiaal 10,00 mm —

1*25 1*25 1*25
Bone is®mX 3*25 3*25 3.25
loctisad S a lt 0*50 0, 3© o *m
h am! P O il (400 P and 3000 / ) 0*300 0*3® 0*30
HnS0£ 0*012$ 0*025 0*025
Lysine 0*50- •■**»- mm

Ilettiioaiii® 0*05 mm mm

Py©tesc«it 0*03 0,03 0*03

mg i  i&*

n ibo flav ln 1*20 3*m 1.60
lllae in 3,00 33*00 10.00
Calei«B j^ jx tatham te 2.50 5*m 5*00
Choline ChXoride 3,00 .250*0 250*0
Menadione 0*20 0.20 0.20
Foil© AcM 0*95 0*35
B io tin mm 0*045 0*045
f y r i t m i m 2 * 60 1*60

* * 3 d ie t  in  ;yrv r im n t  9 m e  the mm? as tli&t used ©n ®r|>&n;lse.Bt 2*
fo r  t ie  a d d itio n  of 2 ,5  mg o f  pyrtdo^is® and. 3 .5  ng  of addi­

tion . 1, c a lo itu  /'nHtothem t* per lb .
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weight* jceeosivply In r  -<» .vmll etiioks were d iscarded to  © iiaiim te

the vorp rtxpie v©sp slp« growing; chicks*

la  eaq^rlmsnt S, yolk sacs won* removed in  -order to  c lot© vitajs&n

*12 contained in  the yolk on th© f i r s t  day frosi orogeny of hens fed normal 

d ie ts*  They m m  then fed the v itam in  B ^g^teficiosi d ie t  fo r  she f i r s t  

week* The '^siihod used In reisanring the yolk ts&c "me reported hy !J@ng@ j|Jf .%!* 

(1950) * The number of chick# m ed i a  each experiment io notod uador sooh 

tab le  of resu lts*  In  those experim entsf nine d if fe re n t amino ae i a wore

mVo'* t  thi b ?n; d i e t s  a t  a le v e l o f £$ as inclieeted# 8ei»  was a lso

need a sup Xo n t  in  two experiment©* In  each t r ia l*  on© git*up o f cfeloks 

received the basal d ie t  c o n ta in T* n s in g le  added amino acid  mr sola# 

corresponding group received the oana d ie t  lit© sup* leae ifta ty  v t ta a in  

In  ©scporliwaiia &  to  I f  each v !tnn fn  P^j^suppXetseniod oliio’k received sub* 

eutnnooiis in j  co ttons of 1*2* 1*8 &»i 2*1. meg of c ry s ta l l in e  v itam in  &t 

the  bcgianltv* of the  second* th ird  and. fou rth  o f age, respectively*

In  e^pcrimente 11* 13 and. IS* 0*6 meg of vitam in a lso  .injected i s

sack vitnniri'3^p*»r , tenanted chick a-fc the f iv a t  day of nge* l a  txi© riiaorrb 

3 to  10 and 12 to  13* the vitam in B^g-^pi&etteniec! chicks received c ry s ta l*  

l ia o  v l t a t tn  Bj2 ~n ticc d ie t  a t  a  le v e l of 3 m g  per 100 gm ©f d ie t*  Pro-* 

tomom was a lso  used i s  each exparljaent in  order i s  th e  d ie ta ry

requirem ent fo r  Vitamin B^* lo ig h is f  an.; e th e r obs^nrmtioas eere slide a t  

weekly in te rv a ls  during the ex p e rii^ n ta l period* 11 ®xp®rimntB wore 

teanalnntet! when th e  chicks wen* 4- weeks of mg©*

fo r blood determ ination i a  experlsMuits 12 to  15* the 4 vmek old chicles 

imrc .fasted fo r  a^rosclnatejy 12 hours a t  the on& of th© study &mi a 2*5 tal 

o f blood was rejsoved by h ea rt puncture fro s  each of e ig h t chicks p er group* 

Th© blood m s  pooled and a group sample m a usc?d in  smklng the 

tion*
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o f Kooh and £fe2Seo!dn fo r  sonpyotoisa nltrogcnf Drown fo r  ujkIo aeldf Folim 

aM  Viii fo r  e re a tia liie  and m i ©Ison- fo r  am3.no n i t r o ^ a  a® 90 lif te d  fcy 

IS&vic* Os©r and Sii"'tmrsoa (1947) wofo used# Urns sitro fo n  i t i  determined 

ky tli© method ou tlined  by Klbrlok and Skupp (1950)* fo r  mmpmtmiM 

nitrogen and aialno nitrogen determ ination, a few m odifieatiim o m m  made* 

In  the deters! nation of aex^KPOtein nitrogen* 2 ml of f i lt r a t e  mad 3 &1 o f 

water wore t*n#d in  oaen susiite imimm* o f 5 a l o f tb© Mood f iltr a te *  

Samples were c h illed  in  the tee  bath f o r  10 adn* before adding Hessler*® 

reagent* ro .rope of gun gh attl so lu tion  wan added ju st before adding 

lfessl©r*s n-a eat and .after © billing*

lit amino nitrogen, determ ination* 2 a l  o f  the blood f i l t r a t e  and 3 ml 

o f rater were, used in  ©neb sample Instead  o f 5 ®1 f i l t r a t e *  fts# f in a l  

entered so lu tio n  *mm d ilu ted  t© a wolusie o f 35 al* l a  a l l  do t m  m tlo o s  

a f t e r  Idie ©©ter was developed* i t s  d en sity  was d t te m inod by a  te lta  

Phot onetef*
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Effect of Vitamin Bj^ m  Chicle Growth tm! Blood Ijenrcl# o f  Variou® 
Sitrofpm C ontaining Ooopmii^:^ ;m:I GXnco&o

The re s u lts  are  given in  Table 13* The weight pain of vitam in

B ^ ^ d e fie leE t chicks m s 153 gm ait- those of ob'ek# receive n?* as a.S«q\iaia 

amount o f vitam in s^ 2  <*ifft»rance ho-fcweci; a?® m p

weight gain of tho chicks r^ M v In g  no supp ler ntsd vitam in ant those

receiv ing  m  adequate amount r s m l s  th a t a narked v itactln  B^-aofiot^iKSjf 

©scistcd* I t  i s  ©videst from th« data th a t eh# hXooo le v e l ©f aomprctoia 

n itrogen  was s ig n if ic a n tly  fe gn r  i«  vitam in B ^^-dcfieicnt ofeialcs than in  

the normal controls*  G roover* tfee blood lovols of amino n itrogen , urea, 

n itro fo n  and © restin ina els© co n sistiiiitly  h igher In vitam in 

c le a t  chicks than is. those receiv ing  as adequate le v e l of vitam in 

th»  d iffe ren ces noted wor# s ta t is t ic a l ! #  sigm ifieant* fico  a s l ig h t  but 

consict& nt d iffe rence  exlwted bmtw&on the le v e ls  of aloof giuooso in  

vitam in B^j^-defiolent chicks am  the a o m l  controls* This d iffe rence 

was iiX&o s t a t i s t i c a l l y  algjad.flc«nt* The d iffe rences o f a ? $ i i p  weight 

gain , noxqproteln n itrogen and amino n itrogen between v itam in  'e r te ie n t 

and the n o m l  co n tro ls  were s ta t i#  ..ically  s ig n if ic a n t to  a I?  l#vol ami 

th© d ifference#  of m f i  n itxo  n sad c rea tin in e  »m; glucose btsteaen. them 

were s t a t i s t i c a l l y  s ig n if ic a n t to  a $% le v e l .  Th© u r ic  s©i 1, v e lf how* 

ever# revealed n o  CDnsietant differences* #*s:ing 11 til# affeeVd in fciwml 

r e s u lt  o f  vitam in ada.,B istration*

Effect o f Vitamin on Growth reprec&lng 
Action of Glycine and. M muein*

me

The average gain and m o rta lity  observed in  chicks mr© presented in

fa  b ias 14 and 15. Tbe re la tiv e  average gain o f the various groups o f
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-  13

<̂ -4- i  a  .3-1 *> w«u ■.»■- -»' Oi'.>. \.v * \?s- i •..i .ii1- XQ0< XiC;

of* 7arf r * V ro ;;wn'Cor*^rvIaiiig 'Cmspmm>'& a s  Glue?©#©

I
: i /  * ,rp .* ' f 0

?(
■ve. Gain * Blood 1ra&Xysis

1 »o* :cxtrlng exp« s ,
t tperiod ($a) ; mg 36
s. 8 #«__
t 8 $ ' l «“ ™ “8 tC raati* 8 Gift-
« ? t. Isis 8 sAmines K Svrm HtUria /-cli l sin# 1 CIO##

12 X74 46 21.0 12*0 4.10 *ao IT?. 5
1*0 13 133 4.5 22.5 6*0 3.10 •65 190.0

Guppl®** M 117 4S.Q 25*0 9.0 2*60 *65 192*5
tmnwJl 15 14.5 45.0 23*5 9.25 1.35 *48 190.0
Vitiiaiii 16 128 4.7.0 22*0 3*75 3.70' 0- 0*0 la c .o

s 12 17 168 46.0 23*5 IS* 5 4*20 .90 iso .o•$*#* Av* 153 44.3 22*9 9*3 3.30 % v*0 135 .0

12 *'.44 4i.O 20*0 7 .9 3*80 .50 170*0
*%/ 33 267 35.0 21*5 5.5 3*10 • 90 177*0

GuppXcJ^ 14 231 36.7 24*0 6*0 2*20 * ■■ 172.0
mental 15 230 40.0 21*0 3*1 1.85 .40 185*0
V i.V:T^n 16 252 37.5 20*5 t .** a *4* 3*50 *50 175.0

**12 1? 239 42.0 21*5 15*75 6*00 .60 175.0
AV* -244 37 .9 a 3. *4 7*3 3.38 *52 175.7

Average 1)1
l

fference % 9.1** 6.2** 1*5®® 2.0* #58 .16* 9.3*
...............-.JL.

l /  la  ox*> r iac ru  13, day*»©Xo ehie-’cs wksr weed and a ■■ rr mania!
perio i 1 /   ̂sŷ r*<!* 3s the res' *n :* ' p e r1 i v ts » ^  ■ * n, \)a* a - ̂ 4 4. ,Ui Wii.-:- x v. ^  *£„, .. 2 - * w"'

ary peri&rj followed by a 3~«#k eseporinMital period m s  a seel.

i /  C ry sta llin e  v ita n in  ?-j% *r»r in jo o i d In  a l l  ©seper!manta m m p t  export* 
»<mv 12, wh«ps .:..t %-â i' d a lrd - ir ix d  LrmXXy*

didrercsec t ie tie & lly  s ig n if ic a n t to  the 5a level*

■*ffer#nc$ s t a t i s t i c a l l y  s ig n lf le a s t  fca *■* 'Jev^l*
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i m m

M ftm t *f TitaacUi Bhm| m  Cte&rfcb 
m pm m im g  Aetlom 5 r

J§ mg msgrtflPUUta# iftM i %# pw % mi ii#t m m  t*& in  mp&iimmtn §*
% 30 m $ SJ4* Tim wm®% pi tta  (%$% 36 urnI IT)- m m  lojm *
%m. ’with *p&%mdn Bgg irsoJdy ms &e*&H.htd im MM.P 13*

Stol% m m i m ar# a t  f i r s t  »3*y f i w  mhimk* hmUfcml im * h&m £md
▼itmslm ££»tg a t  t&fc f ir s t

wmk ami Hs&ki iistritetaiti 0n tls# *t tbs mmmd m&k*
Timm wmikmm im m pm & m i tti# g&im aamMMd am
a j»f&«&iage o f ifc&t. obtalB&d attfc t̂ @ aem apo& ilag ooatrol eal<sk» 
f#S tb& m m  4%m% without tti® M m d mmlm m id*



fx'Ksab cr V i t #39 an uv&ttth
■  r o s r is r  c t io n  o*

* l
% - v e ^ i  "Jaln  MTii’ig
£ 1** •*■., Oj. <•» .***1 4* -W „ *■•. •;>. ;. "‘f _ B-*->« «&y> ••*■**

273 (i.uu) f j  23 
277 (10:1, 5)* l;14 (77.6)

5.5
0* t

zr.5■54. #r**l i mu

i j 2 /
0
.4

191of* .f ( iOC.o)
i a
111 (73*7)

0
0

r:  ̂ n

l y A /
0
4 223

(iOO)
(97) 109 {75)^

0in 50*0
teJO

1 0
5̂U
4

44c
334 (96.7)

"» .'V *aoa
135 1 f **■* .1 # 0 26,3

A v tm p 0
4 a l t (ioo!,v)

176 (UOO)
134 (76*1)

• * - #  /
*

iltû  i
23*4

b,bte L

2 /  T l t e - ' d n  c b *o k y  H?vfco*ir*" f i t ®  I t e l t w i l l ©  w e r e  ;x t -  o n  1 »< *i*X
Cirite JjjgS^eficiant) b io t f a r  on© wm& :.a them teoy worn di ■•’tribu'ted
in to  13 oteabr tx :r ^rougt*

X§ teo^la^Q M  v ita a in  B^jr-clef Xo ©or groin ;te ri*

^4/ 1$ .n.'C? —aX v ' tea in  B io teeb itex te  t e l  Jo  » f u  ... Brl.b2.ted In to  n^onri** 
ryflurfwi b i t e  * tb&y wort* .fte  s t a t e s  Big*»B©JAeies% &&*,<! t e n t  a t  too 
ftev't "*"*

2 / lb  bsy*<ylb M.taoda B i^ lo f l te c n

§ J  Snm* as in Tabte 14 ** tiota
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ch ick s, eacprosced as a pcrt^ntagc of th a t  ©bt&imcl with the eort^spoadiiitj 

co n tro l chlcko fed th® mam d ie t  w ithout the added a s iso  s e l l s  i s  &1&0 

given In  thee© tables*

In  ImbLe 14# th& average g a in  of vitfuaia B ^ K ie fie io n i w! * 8  144 

gm sni ibsac of vi testis chick® was 247 ga isfcea Umy wrnm

fed on the diet containing 4$ a2.d#d glycine* The relative average gain 

obtain©! In 7 experiments in the presence of v ita ia ln  uj** 95*12 an in 

tli# nbeence o f vitaaia 0̂ 2 tlmm  results clearly ah or that In

all oxperiacntes the scMItdoii of IS  glycine to  the diet inhibit®  the growth 

and I-smrmimB ase rta lity  of chicks fed v lte a in  “d e f ic ie n t d ie ts*  The 

toxicity of glycine uss evoroo®© hr the ad a in istretian of vi teals B^ ©ithcv 

by In je c tio n  as in  csEpcrlnents 13B# 16 n !  17, or tey foodlftg as in  oxporl— 

nea ts  3f 9# 10 and 134*

S im ilar r e s u lts  mrm given i s  Tmfel# 15* Hie average gain of chicles tm 5 

d ie ts  cost®.ining 4$ added leucine adjainisterc-d with v litm iii m e 234 IP 

sb:1 theao gives so v lta ia in  B̂ s> m s  134 gp* the aveacgo re la tiv e  gain w ith 

Vit&ain Bjjg was 100*4® aa- without v itam in 76*254 These data  show

th a t  growth o f v ita sd n  E ^ -4 e f i« ie » t chicks m e in h ib ited  markedly by the 

’ Its. os o f 4$ lo n e im  to  tise d iet*  3$w ffir# the growth in h ib ito ry  ac tio n  

Qi‘ leucine fKis eom &etely overcome %  tb.& ad m in istra tio n  of v ita isln  

The m orta lity  o f chicks fed the v i t e s la  i c i e s t  d ie t  containing 4$

added leucine was le as  tb&n th a t  of elideks fed the sarm d ie t  w ithout the 

added atsdno ac id , Admii&efcrntion of v ita© Is Bj^# hoeevor* mr^kmdly 

mUmmd the m o rta lity  regard less o f -the Im m im  Included l a  the d iet*

E ffec t of Vitamin end Several Other individual 
.mine Acid ittbeSk&ees os Chick Growth*

the r e s a l ts  given 1b Table 16# 1? and IS as. Figure 3* The r©la*»
tivc overage rein of the various groups of chicks# expressed percea-*



of V it cun B3 2  on Toxicity  of
Z-osm uno A old Bm

f t  *
dxp* $ Sxxpph^» i r*jo daring  * £ M ortality

1 sen t t oxpericsfnlc ~ p#riod t
»o* 5 .......-  LatL ___ ,____ ___u . ------------ — ---------------

8 $ t i t t i  * ivlthout B%2 * 1 T lthout
•MMMnm.' 8 ( » | '  ̂ |  ^ ^

0 273 (100) 237 (100) 5.5 27.5
j4J» XiMSflii** % /
ta s d c a e ld  273 (1GQ)*' 216 (91.1) 5.5 27.5

gs-/"

lysla® 244 (89.4) 183 (77.2) 11.0 16.5

0 231 (100) 145 (100) 56.3

4$ 3

1 #

4& L̂ igliS***
to s io  sold 224 (97#0) 136 (93*3) 50*0

4^ ?'’!
lysiras 193 (98.6) 143 (83.5) 0 18,8

244 (100) 174 (100) 53*0

4" J>-
Ijri* 256 (104.2) 176 (100.9) 83*5

0 230 (100) 145 (100) A 50*0'

IS
tyroaine 135 (80.4) 103 (74.4) 0 11*1

0 252 (100) 128 (100) A 28*0

4S> o l-
e.sp&rtie acid 169 (67*1) 76 (59.4) 22 55.0

2 /  'osxt &-i in  Tabl® 14 ** Mote; 2 / .

2 /  a..:' ia  able: 15.

j /  18 w#sk-*cl v itam in B$g- d » n d e n t  chicks wr© d is trib u ted  *nto expert**
• r * n l  ' i t .  I n  * x p n r J U n t t i t s  X 2  to  16* T h e y  m>m on b a s a l  v i t a m i n  B £ 2"» 

d c ' l c ^ c n .  - i i o t r :  a i  t ! . c  f i r s t  « e k §
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t te o t  of 2  m  Tosicitar
o f 8 owe / n5.no Acids*

***»»' "fttBBffrr WCTK WiMUWfWWVwt HtlftM*
t

Ht
% * 

*

«^px«
E&ZK&

P TOPf ’P A • * r3 ITPiag
cv • pc r5^cji ta l  p 

 ___
S yithO Ut :1th B--. f -itho».?:t B-

SS> Bl#- A
all

264 (100) 249 (100)

160 (60.6) 166 (66, 6)

5.5

0

■ £*— r)

244 (100) 

1136 (70.0)
J ' VfyjS!

m  (loo)

155 (01*3) 
135 (82*1)

A

5*9
33*5 >8*8

A 231 (100) 

(72.7) 118 (81*4) 12.5
56*3
43*8

■•■***<*  Ml**!!'*!!*.*!#* HK*B 9* WH

230 3-45 (1

5*6

273 C 1C

39

*W *r **»#(/

(87.6) 237 (100)

0 252 (100) 128 (100)

4$ Pl»“
mothionin

(27.4) 73 (57.0) ,6

i /  Ssaje tic in  !Bable 14 ~ not©

2 /  3 a » &  c o  i n  f & b l a  1 5 *

Satac as in  f©<bl© 14.
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i t
><ippl©st©ai s Ho, o f t Ave*r v  p in  during 

t trialsi «xper.!«cntdl poriod;
■i ') -J ; ?

OWr'tT-ifr’ •« —
B| 2  * ithcm t B^g 1 Xth B̂ 2  1 ltfaout 3 ^

.& f

0

6 - 8 8 ! mix.
2(37)*

240 175

232 {%,?)•* 122 (69.3)**

2.6

2 .6

0

4S li-lwciTw
4(53)

234 176

235 0DG.4) 134 (76,2)

2 .7

1 .4

4% gl^roina
7(123)

Iff?
247 (95.1) 144 (76.9)

2.3
£ f*

40.0

45.3

49.1

23.4

34.3

43,9

0

4$ !>glritaido
3(55)

249 188 3 ,6

240 (96.4) 177 (94.1) 1 .8 41.6

0 3(54) 249 135

331 (92.3) 167 (90.3)

1 .3

3 ,7 19.6
MW6̂'4Wr«»*-w-JWj«ilM*WWr

i (x s )
230 U 5 0

Xi:»

50.0

11.1

252 (a

Asp&rtd©\e $m4 169 (67.1) 76 (59.4) 22 55.0

45 r ^ -c lM ln o
3(54)

346 139

171 (69.5) 146 (77.3)

1.8

73.5

(3.3
"ICS ^

0
3(54)

249 105 Xm8 43.5

X9X (72.7) 161 (37.2) 9 .7»M W3»WiWll"ti)t.lHHt ' 'Ji|»>ww>̂«wrw Ui tW’jjn.n,. i>lf|MHN*m wvrn.-.̂m-M-wmoy '* ' ’ rcfc 39.9
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TfftCu o f Titeasia 23$̂  a».: ^sdno .oidf 
Xefcaleiicre# on OliloS^Clroirt^ (SegaK&y)

I t £
S t tp p l* » ® &  * Ho* o f  I A w » ^  m l »  B e r i n g  t % 8 fo r fc * lit0 f

s ts ia le  t ©rpori.moiite.1 period# t
* « ,..........  fa s)... ..................... t,.,„.-„......... ,........  ......
t z i‘ith  s ':-itaout t -^ith B3 2  f f lth o a i
1 t s 12 s |

WWiir~i|iWWiim>ii li ilW» >iiiiiiwii i»i ii<mi<iw *Mii'ii|>— ■mimiiiii) iniiini 1 m n<|i hwihmmi* r h i Wi miMIWii mu i inm iiiiium i in i ' iirnTi ,-*-.;,̂ vi«aw*J5.

o 2 5 2  ia s  O' 2a»o
i( is )

tS  Pfc-sKfcfeiasia® 6® (87,4.) 73 (57.0) 11.31 50.6

w©f&r to  sawbfir of t o t a l  ehlcfcs used por treatsseafc*

## Hi®®§ aumbere r@pr^s#at the re la tiv e  g&la eaponeoeod ao « pereeat*f@
o f that obtai&ed with the eeimef&adlxig: ee&troX ehlek# fed the ecua* 
d ie t without th© added amino m M »
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F i g u r e  3  i F r o m Tobl e  18)  E f f e c t  o f  V i t a m i n  B 12 a n d  A m i n o  Ac i d  I m b a l a n c e s  
o n  C h i c k  g r o w t h  ( S u m m a r y )

SVER4SE %  GAIN

Zein

4  %

Glutamic Acid

4 %
O L - Ly s in e

4 %
L T y r o s in e W ithou t  B

D U - Alanine

4  %
L - C y s t i n e

* The a v e ra g e  %  g a in  e x p r e s s e d  a s  a p e r c e n t a g e  of t h a t  o b t a i n e d  vrith t h e  
c o r r e s p o n d in g  con tro l  c h i c k s  f ed  the  s o m e  diet  w i t h o u t  t h e  a d d e d  A m in o  Acid
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of chicks fm tlio vitamin 

Ijsiiae or tgrrosinp n .zt Igao thnn f;., 

Ida; jv 9 aml.no aoJUw &..niotr&iior 

reduce" ioxta.litp ro-g&rdlcr

lo t containing o i »* r  49 add©*! 

s“'i' " .f@d tho c-me d i r t  w iihout 

vitam in £ |2 # boftmrer* markedly 

aoi inoltt f ia t*

■ffeet of f i t a a lu  on Or© th .nM 1 fcoay >'Otion of 
d©ifif X#*Xot,Sltm &*.*... Vglinuiido iiCM#

Sine© Xsuelne war found to  *mrt s i  %ed growth in h ib ito ry  e f fe c t  

vhich caul cvcrccoe to- :d s t r u t t e r  of vitem in B^2 * two e r^ r iio c n ts

ware porforaed to  determine the e f fe c t  o f te in  ©n chick growth* Zmln 

con tains kega le v e ls  of leucine glut^uile aol &i'ulp ui^rafore* 

ad d itio n  o f  to  the d ie t  ecul'-’ grofttlp a f fe c t  the lcrvole of theac

sMno acids? fees* l a  xlw f i r s t  t r ia l ,  (experiment 17) #ein  was fee! a t  a 

level of 65 trhil© in the second* (cxjw riaeni 18)* 89 tain ms iiaod, 
«3»riJ!@frt Id* leneine on 7 tasie add were added aing-V to the 11 t 
a t  a lev e l o f 45» also, erne grctro oMtcka received. 1*6:1 added Xeocissc 

plus 2*48 glutamic acid* Thcao gyaniitdeo of leucine sir* gl ~,rrfo
acid arc cossporRblo to ihmm sullied bv the addition of 38 aeln* Vit­
amin ® i  adm inistered in je c t io n  5 n thaf# two t r ia l s *  The r@sa3.ta 

o b ta in ed  in  th e se  two ivxporl.a&nta a m  g iv en  i n  7ei&@ 19# bca  e t t l io r  

ee ln  o r 8$ so la  orltfoj, the rol& tlvo par cen t gala  o f v itam in  Bia** 

d e f ic ie n t ©hieke m® 748 or 66*3# ro sp ^ tiv c ljf*  anti those of chicks adaiisi®"* 

te red  with vitam in Bjg 1009 ami 93*48 rt-apeetively* These m tu l te  show 

th a t the ad d itio n  of c i th e r  69 ©r $5 ssein to  the d ie t  o f v itam in  *i~

c le a t  chicks depross©--. greet!'', in  a m n n rr s in i la r  to  t!r>t obt&imd from the  

addition © ' leucine* likewise* the a-'iain lstr-tion  of vitaMn. Bjjjvs 

e f fe c tiv e  in  eouiii© m eting th is  &rovth in h ib ition#  The n< ‘i t i o r  o f

mailto:r@sa3.ta


Effect of VitmiB Bjn os Gw?th ‘'©?vr?̂ d;nB Action of 
?»eln9 e^n. r/^lutes& e c id #

Xn* I r̂ r s 3t#— 
Uo* i m&b

i * w  na "s* 1 r* <* v r in g
1 O a  - •< I t u .  ;*L ' «.J ■£'.*■ ©'.*

t----------------------C m ).-----------------

iortolltgr

k i t h  I  i l V B W v  13Jus i ,i t#>iiĉG t  jbu  ̂ S -■•ittt lij i ithc^lt
 ~JZ

1 7 S /
o

i© in  

0

8 $. x^im

X*̂ #- x*»
'V *02 39® /
*U4 *̂ 3>* 
g i t t t a a i i e

i a ^

4f5 L>» 
glut&aic 

ecid

45 i> 
leucine

239 (100) 168 (100) 0

238 (1 0 0 )^  125 ( 74) 0

2*2 <100) 181 (100)

226 (93.4) 120 (66.3)

256 (105.7) 122 (67.4)

222 (91.7) 178 (9S.3)

232 (95.8) 135 (74.5)

5 *3 

5+3

5+3

16*7
*.' t- X  0

m*A

y+3

17*1

&*3

i /  uu»* m  In  fauX© 14 — no te  § J m

$J 2M 'mm^oh vlt& n& &  B ^ ^ e f i c i s m t .  © t i c k s  w era  da B t r ib u t e d  i n t o
cxpcrisae&fc&I XIit;* Hey wera no bâ &l vit&stfM H^+dcflotOKt
c i e t s  to r  mm week*

,2/ 19 <nv*"OlA vit-susic flu)lout ©IiickiJ- wvz*& % 'l.i.-,%o~
group®*
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tftifldc mM oXeno had only a l ig h t  e f fe c t  on -the ra te  of gain r* *ar&«*

lo ss  o f the essount ©f vii&mln ettp filed* Be it  r* when leads®  and

gXuiei&ia acid  «t»re include • in  the vitam in  B ^grdeilo ienl d ie t  a t  lev e ls  

comparable he that supp lio,, > So s®i% grotrih repression re stilts which 
ovcveoae fay' Utc a d m in is tra t io n  o f vii& ssla Tb© imfcmXaae® produced

by t b s  add itio n  - o f  soin spot esrplslaed p rim arily  on t h e  basis o f

tli# inorsassu leucine o-emueni of the diet* :ih&m findings inoiea^e th a t  

th e  eeaiao acl:i V X ^rea m y  Im portan t fac to r In determining tko v i t ­

amin S ^  r&#xi.r®mn% o f  growing ohlefcg*

i t t m t  o f d if fe re n t Levels o f  Vitamin B*^ 
on Glycine and L-leucine Toxicity*

In. experim en ts 10 and XX, ^ IfT fcreat le v e ls  o f  v ita m in  fed  to

©.hicks rsecslvlag dictiS containing m  cu €k ualno s e l  is and d ie ts  co rta lk ing  

e i t h e r  1$ g lycine or leucine* the  chicks umd vem  from dnas which have 

received 1*5 »eg o f vitam in p®v lb .  o f r a t io s  fo r  a period o f 1 and 4

veelce rospeotlvely* she re su lts  -are shows in  Tables 20 and 21* The fat®, 

given In Table 20 in d ica tes  -that the growth in h l ;'iito ry  ac tio n  o f g lycine 

rsr ©v^reons  ̂ by e i th e r  1$ 5 o r 30 meg of vitam in Pcr °2 d ie t*  On© 

ssg vitamin, B|^ pev kg; or diet- ©veroawac she; g lycine to x ic ity  p a r tia lly *

5 ws-f v ita m in  pc* kg »  even stars e f f e c t iv e *  aV 30 meg v ita m in  

countem ete the to n ic ity  almost com pletely, Ihcrcforo,. more- Uisa 5 meg* 

out probably lo ss  than 30 mcr vitam in Bj^ Pe r  Iff of d ie t  m s  nececeaxy 

for counteracting the glycine toxicity* It con 'be teen from the data in 

2,e 21 thvvi vi trials rd̂  also ©vs jresiao tlr torlelty ©f leucine even e* 

lo>f Is ts I*  Five n ic reg raas vitam in B12 par kg 2le t  counbtmeitd. the growth 

Inhibitory ac tio n  of levftlne almost as e f fe c tiv e ly  as 30 meg of vitam in 

••!T* kg of diet* The v ita iiia  r-^  requirement m, g re a te r , th e re fo re , rh®m



'T ee t o f T lffn ren t fannl*  o f  
Ylt&adn on Glycine Toe ioltgr

K3£p*» SuppX®-* 
i§o* i m a t  

tT ltttd J l Bf m teddmd mog/fcg
 « gi»&....

}
i Avora *! fa in  
i d u ring j^ feo lss

% lfbrtaUtar

t iithemi §l^in® ? With Qlyoitiiî ithout sith

nen® 176 13? (77.8)* 35,7 42*9

1 1S5 161 (87.0) 7 ,7 21,4

10** 5 245 211 (86.1) 12,3 0

30 265 245 (92.4) 0 7 .7

Sane as t»  Table 14 * not® j / *

1$ ?»©te»*old Tltanim B^^dfrflelent ohiekg war© distributed into 
groups* They nor® oa^rolimimfy vit&sain B̂ ĝ dofiotsmt diet at 
tbo f i r s t  week*



m

e f fe c t  o f  Jifferenfc Lnrolo of Vitamin 
OR If-iOliOlRBt T ox ic ity*

* I f
$*#♦ i Sopple* t A m gs ipiB during t % Hortolitar
lie* i snoxst t oxperitaontal period t

tVltaxdA fho i   {<aa) „ .   ,....i
imMM m®gf Kg t bithattt" * H ih  4$ fWit&emi 4S * witfe
i d ie t  t4& W ouoiao % W louelm  il^ le^eiao i X#»leue£&e

 , » » » . ,   ____

n * *

0 141 m  m * f ) m 5f*6 M*7
a t n i m  (37*0) 16.7 11.1

5 190 194 (302«1) 2 2 *?

30 191 204 (106*3) 0

Taa© f&s ia Table 14 -  note &/*
13 dâ -old vi toads* B*̂ «*d#fieleat etiioks per grmip were 
d ie trib d ted  In to  eaperliao&t&l diet**
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th e  added asalao o e id  m o  p re s e n t  I s  th© d ie t*  Al&o i t  should no ted

that the relative growth c&vtaed fey tbs addition of eitfer of
these amino aoics m>® progressively less *, as 'fcfc* vitamin B^ content 
o f the d ie t  * a  increased#

of ftocdlng o»3 Injecting Vit&sdn 
os Growtii lnhlbitof7 Action of Glycii®*

This exporiflKi&t oms conducted to  dotojrasia® whether the « ffoo t of 

vitaa& a i j 2  oa g ly v lm  tcrsicitgr a t  3 ^4$ and \m$ due to  b&otori&l 

th e s is  of o th e r cubstaneas o r  to  the ac tio n  of vitam in I ts e l f#  V iV  

a m ln  » m  o d h d n lA to r e d  e i t h e r  t y  f e e d i n g  a t  a  l e v e l  o f  3 0  m eg p e r  k g  

o f  d i e t  o r  t y  w #cfc3y i n j c c t i o a e o f  v i t c a i n  & t o t a l  o f  6  m eg p e r

chick f o r  the 4 m&k «xporim&iit&l period# fh© rccu lta  are giireii in 
Tabl© 23# I t  appears ev ident th a t  a l l  le v e ls  of g lycine morv tcedlc to  

the vitam in  B ^-K jefin tent chicks fed the basal d ie t#  idadxilistrsttloB o f 

vitamin ©iih«r orally or fey enbotttaneou© injection sm (looc** nod ms 
equally  e f fe c tiv e  in overcoating 'the growth in h ib ito ry  ac tio n  o f 4 $ 

o r  6 $ g lycine, the blood n itrogen  containing eoapouado and nu&ar* c&cept 

uric & e id # are h i g h e r  is v i t a m i n  B ^ e f i e i e n t  chicks then in chicks 

r e c e i v i n g  x1e uae* atioonits ©f v i t a m in  either ly injection or orally* 
Then© differences were observed either in the jxreoemoo or ub *vioo of 
glycine# the  addition of glyclm increased the bloc- xmnpr®toln nttr©*» 

gain* urea nitrogen and glucose levels*  %« anitt© nitrogen le v e ls  mmm 

l i t t l e  a f f e c t e d  o r  l e v e r e d  fey th e  g l y c i n e  cupj& em ciit v h o n  v i t a m in  B*^ 

supplied* liio blood c re a tin in e  of vitamin B j^H feflelent chlcko feci d ie t#  

ccmtalnliig added glycine ms lower than th-*: % o f c h ieke fed the uncuppio-* 

sientod basal diets* However, the addition of g l y c i n e  to the diet of



E ffe c t  o f  feed ltir  and ..n jrciir^  f i t a s i n  !:En on Growth 
"'eprasalfig Action of Gl>*ciisc a t  'l£.foreni lAfcls and Ttieiv 
Bloo-:' Clloc©^-' nm'- farlr*oa littro^on iont" nifig. Compounds

bsp.f

wwasi#.-

«S&

out 0  ^
f i t . m § ®n **'4

*#w

reading*
f i t*

eg-i*
«- ii 

fr n if 
uric  Aciti 
C ire*, t  lain© 
Glueooe

45*0
22.5
6*0
3.1

.65
190

49.6
22.0
6.3
3.45

.65
200

*Hfil
*rr\

/riino 1 
Uprr, II 
Uric Acid 
Or "a ti aim 
Glucose

35.0
20 .0

5.75
3 .0 0

.50
177

37.0
19*0

6.25
2,35

195
.64

« c

49.0
22*5
6.25
3*50

.60
200

..Aawll

4^*0
2 0 .0

5.4
3*55

,-60
190

BPif 30.0 36.0 34.0
A sis© S 21.5 21.5 20*5
Urea 1 5.5 5.9 5.75
Uric Aoid 3 .1 1.S5 3.35
C m .tin lx * .50 .55 .50
Glucose 177 mm 192

* 30 meg c r y s ta l l in e  vit& uia par k f  o f  d ie t*

** Vitamin m s lnjaet®& as I s  previous -tables.
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e h l e k s  a n  a d e q u a t e

ermMni.m* lew !*  Only nil, 

uric m m itt of *

vit& sda im reased  tho bl#oc! 

observed in, the levola of 

no*

Sfftoet o f Vlteuala and Anino \ol2 ZnbGl&ner. ob Certata
Hood Co* n tj  nui  tM  i  'Kong itsto: ri M irogeu, f a ' I u; ro$en# 

tlrosi m tro  “onf Uric ,«i ,  Gr«' t  ? ru-no yliooso*

The blood levo la o f nonprietela trogen, aa&no nitrogen* urea u liregon , 

u r ic  s o i l |  tmi riiseos© clotomlitod in  ifeeo© ^xp^riiassfistss aro

presented l a  l&feles 2 3  to  28* In  ortlor to  f ^ e i l i to t#  ife tir  ^  t ^t.Aiioa, 

the values obtained in  d if fe re n t t r i a l s  iiWoi*ring tfco a.m* amine §?eld 

supplenonfc are given an iwcxngo &o shown i a  Figures 5 to  10  uhloL &r© 

obtained f r m  Tables 33 to  2 *ieluded in  the **xxadix* ""coo values 

a re  aloo in i ie a to i  as re la tiv e  percentage o f ilia resp ec tiv e  n i^ m p  

min@ fo r  the eorreapoifciing m n t r o la  which received an adequate in take 

of vitam in with no supplemental mmXm m M  o r m ln*

The re s u lts  in  ta b le s  23 and 3 3  and Figure i  iw te l  thf.it the a" tio n  

o f s in g le  aaaiao a e i s or se in  c o n s is te n tly  im im s o :  the blood nohj^a&eiii 

n itrogen  lev e l in  the presence o f v itam in E^.* S im ilar increases wore 

noted y&wn m  v itam in  vaa given e^eopt in  chicks receiv ing  ad d itio n a l 

e y s tla e  o r nethl^oine* Despite the sa s ted  e f f e c t  o f vllasain B jj in  i o t f t ^  

lag  the ahxicr‘m  U y high aonprotein n itrogen  lev e l o f the blood in  vitam in 

E jg^d^fioleni chicks i t  should be noted th&t the imere&eee in  iHMaprotein 

r&trorpm roouXiiiig frost the ad .i t io n  o f the mimo  ac ids fed s b  not 

appreciably  e ffec ted  lagpr the ad d itio n  o f vitam in S^g* »o®pr»teia

n itrogen  m in e  of blood frees chicks rece iv ing  vitam in Bjg end 4 $ ly s in e , 

o r 4 $ Ofotine in  e:*poriae*iia 1 2  «uaS 15$ respectively ,, aro o ia i l^ r  to  those 

values f r m  chicles rece iv ing  eosvvftpon&lng; amino ao i ^  w ithout vitam in



m

MMi&JSt
Z ftm st ©f fStasata m, S lc^ i 1IM a f  Chlo&s fad 

o f fasliMia /;ad&® j'.elda «r f$£&*

«
txp*  i

*
Kmmm

1# §l

NO* t
...........I.. ..................-ril.̂ n.................  ................................?.....

A Ĵ jSk %2km m  Bj2 *
- ...4r-r

13* 0
49 g ty v im

35.0
37.0
-U .0

45.0 
49.6
49.0

338
0

49 gl^als©
6k g ivvitman*̂<F m • wj*w

30.0
I M
) M

a *
4f»0

26
0

49 E littliie 
4g 5X«HAtt)&iAtat

37.5
46.5i* j>

4f*§
50*0
41#0

I f
0

49 §a^tii*a 
U  *®4ti

42*0■p** w”
42.3
43.0

46*0
4 « .f
49.0

19

0
49 ie+L
49 M g w ilM  
49

40*0
42.7
43*0
/■tn

45.0
48.3
43.3
45.0

12

0
49
49 P«p4^9la0 
49 DX^-alanlKa

43Uft
40*0
4SM»
42.0

& s
46.0
44

U
#

49 $Ip*<Mfciaatea
49-
49 Sfw l̂istaado acid

36.7
'Mil!

41*9
37.6

&?
43.3
42 .7

♦ f tg p ta U ia *  v i to a la  %* m  tajaetad  a# d m a i M  la  pwrlaisa y t e  
in  a l l  ©xp^rimcmts «anipt 12 aM 131 A m  I t  m® aaidala*
t i t * i  i r  fA d in g  jo  ®eg $@# &g n r d ia t*
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F i g u r e  4  ( F r o m  Tabl e  33  in A p p e n d i x )  E f f e c t  o f  V i t a m i n  B , 2 o n  B l o o d  N P N  of  
C h i c k s  F e d  E x c e s s  of  V a r i o u s  A m i n o  A c i d s  o r  Z e i n  ( S u m m a r y )

W i th o u t  V i t  0 (2  + 
A m in o  A c id

* R e l a t i v e  %  of  t h e  r e s p e c t i v e  a v e r a g e  v a l u e  fo r  t h e  c o r r e s p o n d i n g  c o n t r o l s  w h ic h  r e c e i v e d  
a d e q u a t e  i n t a k e  of  V i t a m in  0 I2 wi th  no s u p p l e m e n t a l  A m i n o  Acid o r  Ze in



B'ffoet o f Sin m rsiooa /.SdLISO o* Clu ete
iK/ 2-1 -  „.* . , w . , 4 a #

2 s' j2 *e
------------------------------------------------------------------------------------

|  £»l?p¥»X«BMSa?t I . ...........
2 JF

*
^ a .Y - r . |^ (1...|.,1..-... — .........- .... - .................................. ......... ................, _______ 1 -

0 20*0 22*5
13& 4" 19*5 2,-%5

j"  -i- *■ f ly s ls e ■" . # « /

0 21*5 on r;
1 TtS #Jk/Ai A|v g k ^ im 21*5 < & ■ * > * $ ,/

4  ̂ i ; l ^ / c i  && 2 0 . 3 21*5

0 20*$ .i2*0
4$» glgroln© 19*5 2.5

* 0l4§irt2ilosiis© <&2*0 Z * mQ

0 21*5 23*5
4 ' G l & e l m 21*0 23*0
✓ ,V  ̂r v .  n 22*0 n/. 0

0 21*0 '■■3.5
40 3>X©iao5ja& 20*f 23.5
t !■;-4*̂ J>tg?rosia» 20*0 23,5/ , ■ JjN^^iin© 21*0 n *> .C

0 20*0 21.0
/*■•* 19.5 20.5
4- ' !>lyeisia 21*5 22.0
4 / 30*5 ^  JL

0 24.0 25 .0
i
" V i *

?  f. n 27.5
< * 25.5 cr7  £* ijr

* V glutoBie &ei4 23.5 *̂ b f
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F i g u r e  5 ( F r o m Tab l e  3 4  in Appendi x)  E f f e c t  of  V i t a m i n  B , z o n  B l o o d  A m i n o
N i t r o g e n  o f  C h i c k s  F e d  E x c e s s e s  of V a r i o u s  A m i n o  A c i d s  o r  Z e i n  ( S u m m a r y )

A m m o  A c td



t t m t  o f  f l ia m la  Btg *>& Bloo;:! £&*.;■& l^itrogen o f  Chicks 
Fuel E3«®© 3̂ojs o l^ s ir io u s  o ld s  o r  i& ln .

uppXe^sift
1th 0^ I t e t  B| 2HO,!

0
1 3 A 4 $ g ly c lm  

6 $

13B 48 g ly e lm
6% gl^mim.

4  ^ lycla*
4  9 2 j » w t h i o  silts#

0
.7 4"

5,75
6 *2 f
5*40

5.50
5.90
5*75

3*40
4*55
4*25

13.75
16.25
13.25

6 .0 0
6*30
6 . 2 f

6 .0 0
6.30
6.25

3.75
4 * 6 0  
> ***«•

13*50
13.50
15.50

0 S. 10 9.25
43 X*»leusi2)0 9.00 10*50
4 * l>tyrt>#ta@ 9.25 11.50
43 l^ayst-iac 10.00 11*00

0 7.90 12.00
415 L-cy®tle» 11*50 11.50

12.00 12.75
43 D W ^ la n ia # 11*30 11*30

0 6.00 9.'00
40 " l r ^ a l a i i i i » 9.20 7.75
43 r-MLyaine 8.00 3.25
43 I#**lttt&g!lo acid ?>.©CI 9*20
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Fi gure  6  ( F r o m  Tabl e  3 5  in A p p e n d i x )  E f f e c t  of  V i t a m i n  Bi 2  o n  B l o o d  U r e a  
N i t r o g e n  o f  C h i c k s  F e d  E x c e s s  of  V a r i o u s  A m i n o  A c i d s  o r  Z e i n  ( S u m m a r y )

W ith  V i t a m i n  B 'Z  1 A m ir

...ii.,...... .J t̂ 'thouf
W i t h o u t  V it  B iZ  t  A m i

*  R E L A T I V E  %  t S A M E  A S  I N F I G U R E  4  )
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t f t m t  of 7*f lia fikg flood Uric Aeld of Clicks 
Fed Fsc* ^  of various Maine A e l  3  02" Id a *

£
"'lop, ; SupplKacat

Ho* |
«

0
2JA 4 ' glyoiac

6  ̂ frfFciBs
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3.00
a . 35
3.55

3,10
3.45
>, ,y*r

0 3.10 3.10
13B 4? g^ clno 3.35 3*45

6f glycine 3.35 3.50

0 3.50 3.70
16 glyclac 3.3Q 3,5©

45 ’'I^iothionia© 3*40 4.05

0 6.00 4*20
1? 41 glycine 3.90 3*30

6€- se ia 5.30 4,60

0 1.35 1*15
4fe 2.30 l.-oi

:  J£ 1-tyro^inci 2.40  ̂ K
4< LKjyctis® 2.05

0 3.30 4*10
45 l>eyoti2a§ 3,30 3.50

-  4$ r’I^ lycii» 3*10 1,60
41 W ^ Iaa ia© 4.10 4.12

0 2.40 2 ,60
45 ll>tfr43L&ni*5e 2*85 2,00

14 4 tl^ ly s ia e 2,65 2*75
/  L*glutsitie 2,45 **> € V &

* % *  V o
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0 •55 .6 513A 4$ gl̂ im ,6 4 .65$$ g lyo iao •50 .60

0 •50 .65
DB 4$ m *45 .65

6$ g ly o lM *50 .6 0

0 •50 .620> ,00 .62
4JS Pl>a»thi©aln0 ,63 .63

0 #00 *90
? 4^ gljeifi© •W •so

6;;> s& is *?6 ,ao

0 #40 *4&
45 l* 4 # s o i » #40 .5 4
4$ !>% rpsia® *45 ♦ 54
4# l>-e7»tlno *45 ,4-3

0 *50 *30
4": kHogrstln© *45 *55

> 4 s* ^X*3jrstn© *5# *60
.6 0 •55

0 .6 0 *65
4" J> •"Ol&sioe *60 *65
4 *43 .45
4B 0-^lutam ie acid *56 .6 0
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The#© findings in d ic a te  t e s t  vitam in the tcodeitQr o f

giyeiis©*, leucine a te  scsim almost com pletely hut cm x  not overcome ih©

grosrth deperesaian omnmd by te a ie i ty  o f octhloainc* cy stin e  o r lyelae#

The blood fjonprotsis n itrogen  lav e! of chicks was elevated  in  a v l te a ls

B i c i e n e y  * This difference m® observed either in the preeense or 
1 2

absence o f the ind iv idual mmkno acids added#

The fo s tilts  ©bi&ined frees Tfebles 2 4  and 3 4  ash Figure 5 Ind ica te  th a t  

tee aniiso n itrogen  le v e ls  were l i t t l e  a ffec ted  by te e  anl.no eci supplo* 

aen ts when v iia s ila  m s  supplied issoopt fo r ly sin e  aikl jmtMoniiSi 

mbtrs the lev e l imi s l ig h t ly  raised# The ad d itio n  o f those esj^erisaeais 

to  the vitam in B^2 *4 #£icIo.nt d ie t  die so t appreciably  e f f e c t  the  sisin© 

n itrogen  le v e l eseeept in  the  case o f e len ine wfeer© i t  was s l ig h t ly  in*  

ere&eed# V itealn  eonelo tacitly  1 mmmd ifi© aaino a ltro g o a  con test o f 

blood obtained from chicks roeeivJ sg d ie ts  sappleaiented s in g ly  w ith 

various mmltm ac ids o r with tm m ipplef^ntsl amino eelds#

hate presented in  Tables 2$ &ad 35 Figure 6  choe th a t  the lev e l 

o f blood urea increased in  al& est * i l  casoe where th e  amino acid 

suppleaieiits wmm fed# The a d d itio n  o f :s©I% howevWf re su lte d  la  a  

docreaiie in  th e  Kteod nr©a le v e l both in  th^ and abeoj&ce o f

•yi twain Bjjj. In  a l l  caaea o*o*Pt  * tea  4% alan ine # u  added r i t m l a  

'B%2 eo rresp o n ■ Ingly deerm aod the ure& n itrogen  value#

Only s l ig h t  ehaages were observed in  the lev e ls  o f u r ic  acid  (Tables 

24 and 36 and f ig u re  7) as a r e s u l t  of feeding high le v e ls  of eaino acid## 

7:'ben adequate voc m s  vac s.dialnletered^ lo^ela© e te  ty rosine supple* 

l&fmtation resu lted  In  a s l ig h t  increase# When m  v itam in oujrliod*

glutamic £ei sirni ty ro sin e  feeding a lso  produced s l ig h t!y  M ghor blood u ric  

ac i' levels#  ©in, on th# ©ihar hand* rteereaeed th^ u ric  mM le v e l thou
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to tho diet, Vttan&n f eonsistanfcly e f fe c t  the blood

uric aci,;, Xornl of chicks*
The re s u lts  obtained In  Tnblm  2 ? iM  37 cud Figure d sIio^r th a t  the 

blood of vitoaitsi B^jy-defiolcni eblcfcs fed d ie ts  containing added ■sothto* 

nino*. g l y c l m ,  s l n n i n o  o r  mln mn no h i g h e r  i n  © r o o t!nlm t lm n  t h a t  o f  

a i a i l a r  c h ic k #  f e d  t h e  u ijsup p lorsfen tod  baste., d i a t o ,  H c t ^ r e r ,  U x  a d d i t i o n  

of those antno ee l re in  to  the d ie t  of chicks receiv ing  an e^equ&te

lo w l  of vit& nin f-̂ F increased the Mao c rea tin in e  level*  foodii^j

‘ * te Ism l. f  rlist®”’! e ocld Iv stne  decreased the b lo c ' cre& tiniae'••* • .<* *e

Xsvc-l regard less of the in take of vite&dn Addition of v lte a in  % s

to :tfeo diet- co&teiniag various asilno acids o.soept sXsnino an. ssotbionine* 
i n  © jq>© riiseiite I f  an d  1 6 *  r e s p e c t i v e l y *  d e c r e a s e d  b lo o d  c rea tin in e  m i n e  

qu ite  eonal tnntly*

The result;:; pros onto d in  Tables 2 S end 38 an Piin.tr© 9  in d ica te  th a t  

the 1 m®l of blood glucose of chicks ro cs iv iag  vitauain Bjjj m s  inoroaaod 

when glycliMj gluteuaic acid or T50tfcio11i.no »rt added to their d ie ts*  Tm  

ad d itio n  of cystine* fy e im f. t y r m lm  emf ste lungf hcrorcr* deeroaaed 
the bloo,* glucose lo v e l s l ig h tly  in  the presence of adequate vites& a ^J2* 

The o ther aoi.no uei supplements tmd l i t t l e  or m  e f fe c t  on the blood 

gltseos# level* In  a l l  cases* osscajst vken mateiosAfiss f i t  used* v ite is la  

correspond lately decreased the bloc, gXucos© le v e l o f chicks*

f fe o t  of Ytteaiii and AMim Acid laMLance on 
Blood (Unease Stttoraaoe test,

Oluccs-e tolerance ia ite  «©rc dom with vXtesia Bjjg^efteXcat chicks 

te te-lcke rece iv ing  v lta n in  previously  fed © ith^r the bes$.X d ie t  o r  

the t e w i  H o t  plus 4$ o f  a s in g le  0 ed sa ln e  acid* The re s u lts  &re 

given in  Tall# 29* I t  was obsormd tfcsi iritaisiii B ^^ deficient chicks 

co n s is te n tly  ha h igher blood gim oso le v e ls  during the t e s t  than chicks



Effect of Vitasaln Bjjg on. Blood tslmm® 7aX»rsi»»
Test o f  Chick© W®& with  V ario u s Mmim l®Mm«

dsp* 8 
iO* I

SuppXtacnst
s 0 Wu®t 0  h rm*'
t

I  kr*t 1 ks»* %2* 5*3hrt2.5«$hr

s
JL-. . _ _  „

I /  £ |2  * ~*%2
« i _ '  ' i .  ._ ; .

jpTBjg 1 8 * %22 .1 .......... s *%2$ t .

14

mm
4f*
4 ' Dt#-
4*’ l^glut&saie acid

i?a#o
177*5
177.0
i #7*g

l cf* 5  
X ->■ *, 5 
l t , 0  
X9X.0

231.0
-i^ .o
-*6.0

^  ,0

23t*0 
77*0 

. /G.0
2^ ,0

2 1 0 * 0
225*0
225 ,0
a .o

225.0
224.0
257*0
«4 0 * 0

■rtepiijfrgi 185.0 190.0 193,0 205*0 175.0 303.0
4e l#*cy3$ts* 105.0 198,5 200,0 220*0 M7*5 206,0

15 41 170*0 190,0 «•» 240*0 200*0 320,0
4B I^tyrasim 1 :ŝ  £ 4.0*** y 135.0 220,0 240*0 210,0 233.0

th e  g iim m s (dcx t r o s s )  m s  g iv en  a t  
weight am a 50^ ftc to iiea  in  «a$@r»
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v ltaad u  ehi.es**.

nhlch ‘evloasly boes f'&i ra ti cm contidnin^ 43 added lyaim*

b yro& im  o r  lo .c in e  b lg h u r oloo; g lucose le v e ls  t  ena th re e  jvs 

foi lo in * tut. .v nnsxL «;* Id; dueoe# than ohicSya fed diet aitb*
out vitaaaia Bj^* ’ihe blood giuoos© of afoicks wfiie i^ovloenly Iv©cl

uie-wo coBiiiijiifsg aci.-ed u lan ls®  o r ty ro & im  a a i  su p p lo a o n ta l v i  b ra in  

romi»®& slightly Mghor daring the gluonse laiemmo te s t * that of 
aUlefc$ not fed ouc#@s fescmiiig of theso amino ©aids#

i.ffe c t ^  ^itassin B*2 flHOfrthio&inof r l y c lm  o r
Sols in  ̂ m e  o© BsSou hoToX.s ©f V&rina- i iro g tt i  

i, it xtjuag Coapoua* •.£ urn, Glucose i s  »/ iclen*

pr&aozxbed i s  tables 3 0  to 32* .hoi: cr.prvules contain**

ing fe’Aij-' 4?-i *i.f:- h r  ihfef-V-  ̂ guvou oruXx ?̂ to 4# oju* v^tsn&iju ' & mo £ u o*it> OiidO&iS ̂

previously fed diets ©ontainisg 4 1  snthionim* incrcacee is  the blood levels 
of uric- and-, ronprobeln nitrogen* amino niirogdi* urea idhrogea ar&i glu** 

coot: wore ©boerred 4 hours foXXordng the admisiiatmtion of the oapssloa* 
di^ue ehi.yrca in  aloo-, Xevelo uer. also isotod d ie s  v itam in  was supplied* 

However* a gipMitsr iaorooao in  the uric sold level @ix.. the oreatiaim  XiwoX 

m o obeerred in  ©hicks given vltMRln Bk  tter> la  chlcfcs not rece iv iog  the 

vitamin*

In  the ©xporiaonts whejr glycine ami coin wer© adm inistered in  a cia&l&s* 

comic* to chicks fed diet© contain ing  43 o f g l^oine o r s©la# respootiTml^^ 

the d iffe rences in. the le v e ls  o f the d if fe re n t E s ^ i  co n s titu en ts  follow*

lap th e i r  dm to  the ad mini s i  r a t i o s  o f  v i t a m i n  were very

s im ila r  to  those priori ouclsr observed in  the fsofing trial© * .la a l l  oacoo* 

the l e w i s  of noaproboln nitrogen* ass'nc nitrogen* urea^ id iro g ea  and gluj«»

coa© sm o^tiat h igher in vitamin B ^ -d efio io is t ©hides than i n  thane

16857U



l i f i m t  e*f V itu d A  Bjyj cm Blood Lew ils o f  
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• 50
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1 7 5 * 0
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22*0 
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31.5 (143.2)

3 0 .0 (336,4)
27.0 (122.7)

4 .3  6.3  (146.5) e?*ys 
# |W

053.1)
A*

3 .4  7 .0  (205.9) 5.5 (161.8J
4 .1  — 6 ,7  (2 1 2 . 2 ,

.63 .68 (107,9)

.63 .64 (101.6)

202 255.0 (126.2)

.63 (100) 
,64(101.6)

2 HD. 0  (I30.0) 
a*o.o Ci35*x5

’o lio- 3JQg\ -L«:* llOiiX' v; Oi i. *&«* Jf, G* 1/ §pa 04 ijsSM (Aw- 4 l.'kV*
,Q i ' C & " ^ v '  w ' I (7.C  C ' J . e \  7 ;  * C * r  „ n  t h « *  * ' * c t

lur^.n" ('■•:, r i .ic n ia l period*

re la tiv e  o f  the  2?©8p©etive v luc fo r  the oorrt in, central®  
z.hlch received mi at!@-i«ate i n i ^ o  of v itam in  B*g *% ; 4  addad 
not&tonlsfci be for© giving c^prul®.
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Effect of Vitae&n Bn** OB BXoocl level® 

rioua MXfaeo^n O b ta in in g  Ccsspcftaa&if  T
and Gluoooo o f Chicks* Fed with. CIX/©iB©

1 t t 1 4 j  a k!ed / 1/e in a
Blood, i Supri* t ?&&*i II© £
P e tttu  * T i t  B,* I SottGlyelaeit t s
(off #5 » i i s 0  h r .* $ 2  firs* t 4  hrs*
... . P-T-T— j(L......... ,.. ,.... s.............1.....,.  ̂ ...... . i

16 mm *60 .55 *55
I f  *60 *75 .90 *74
a v* *55 * 6 8 .73 (M 7.4) .65 (95.6)

Crea** -
tlnia©

16 »te *m .65 .64
17 *90 .90 .72 .80
ST* .76 *76 .69 ( 90.8) .72 (94.7)

16 175*0 185*0 215.0 2 1 0 .0
I f  175*0 1*7*5 177.5 177.0
sir. 175*0 lit  *3 196,3 (105.4) 193.5 (103.9)

Glucose * ,

1 6  100.0 195*0 330.0 235.0
I f  130.0 185.0 1 8 5 .0 177,5
aT* 1 1 0 * 0 190*0 202.5 (106.6) 206,3 (108.6)

In ©aqperte&oi X6# each ohiok m s  f©iw**f©$ with 0 * 5
© a r^ le  softer bf*i»r' £aatec

if g ly a im
about X2  hours# l a  r^ 'ien t 17,

©~ flyclix.' o a ^ u lr  used \r.s &e©or‘in r  to  k c
(0*2 a -  t ‘i* 10' 0 ! of ho *' e ig h t)  &ft&r U. Ui* 'hurt© *©r J 1 hourss* 
:n hot' * ”y  FJhicma* 2 * 5  ssl of hloof \i:ts U\ka% fro  vr, * • M rd of 
n lr  of x < f ‘ t r© /  by h ea rt msactura a t  % h rm$ 2 hra*, r.nt* 4 hrs**
c f i r  r  fe e  in , c /su lo *

le lf-tiT e **', o f h «■ r  '"•v v tifo  ifrtXuc fhr the c a rrc &* hm*-5i*v oontroXo 
\k e; r-"oc -vocl i «*j in take of v itn n in  Tm* vrith &' added 
gXyoim before riiriaf capsule*
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2 2 * 0  C 91*7)

Hi tro ik a
15* a
12,5

23.25
15.50

13.3
16.0

r  .4 )
103* )

1 . 3 1123 . 0 ; 
1  . 5  (1 1 2 . 4 ;

I rv.*f j-*t- -  J«V»- 6.0Q 5*3 7*0 (132.1) 5.3 (100.0)
• '! -.. V*(* ml/r -st. 4W 4*20 3 .6 4 *^ (133.3) 5 .9 £1 6 3 . 3 )

f« ! * . 1* .60 •76 .60 (7S.9) .60 (73.9)
t i n  n© .90 *i0 .68 (35.0) .60 (75.0)

GXuco&a 1* 175*0 174*0 174,0 (xoo.o) 170,0 (97.7)
*» 120.0 132.0 174.0 ( 95.6) 175.0 (96.2)

idsob cMck ,!*sa fc*e«-*f«d riffe se-ln capful# after f a s t in c  12 tos*
no,;nt 0g re5ji used war -’eertlng te body weight {,2 mg; per 100 gm 

o** bofp weight}*

dts® i s  ;r’r^ntlr~sl<; a r  r e la tiv e  f  of tee  r  apeotive- m i s t
fo r  i - •* ro r  ^toi*on'liv; co n tro ls  wMeh rocoiw d an afegiaate isitsfe© 
of v; t r a in  &|9 t r i t l  64 atlOed se in  and before r iv ln r  o&psulA {at 
0 h r . ) .
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th is  tm gm ural* s&galtu&* o f dlffaMHw* m »

i i t t l #  effootod by the o f tho c&pmale durlag the 4 lioitro

to s t  p®rlod* la  im m a #  In the w ie  acid  X m l did ranolt from, t&o 

alairtr&tJUm of giyolao ox1 sola whiofe w  w m  ja m m m *  in  tho 

m m i& tm  olltaKlm After 2  to iro  *&•& giyoin® » i  gim& m ,#Ugiit&yffSm
felgjbo? o im tia iao  mm oboorwl in  ehlek® «Kt5«l» hod m oivod  vitoata. 

^  than in  th# T it^ata B j^ -dofieiou i control®*
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Hm? g r o w th  i n h i b i t o r y  e f f e c t  o f A$ &c!l«d o r 1 cue i  no I n

v i t a m in  B^2**Kln.fici e n t  c h ic k :;  o o a f i  sts the observations of fftsng® and  

Combs (1 9 5 0 )  and lachLiis fat (1751) who r e p o r t e d  g l y c i n e  t o x i c i t y  

i n  s i m i l a r  e h l e k a ,  The f b o t  t h e t  c r y s t a l l i n e  v i t & a ln  o ffe© -*

tlve is overoosiifjii th is  growth in h ib itio n  who., i m in iste red  hy tsub- 
cutaneous in je c tio n  as well ^  by o ra l a J s in i s t r a t i  n ind ica tes th a t  

v ite a ln  B 1# necessary fo r  the metabolism of oxeo&s taouaic  o f these 

EmXno melds. flic growth depression re su lt in g  from th*. feeding of the 

excess amino acids appears to  be due to  an imbalance of the amino acid 

fo r  p ro te in  synthesis* Because vitam in functions in  the co rrec tio n  

o f the as&no acid Imbalance the au thor suggests th a t v itam in  might 

a lso  b# concerned in transam ination# Sine© glutamic acid did not la** 
Mbit, growth when fed a t the some level the apparent increase in th® 
rcquircffltont for vitamin c&«i he explained on the basil© of am ia» 
creased nitrogen intake s.Ion©. The results ef Ueage and Combs (1950) 
a lso  support th is  conclusion* The gsw bh in h ib ito ry  ac tio n  o f  zein 

may be explained la rg e ly r I f  not en tire ly *  or the basis of i t s  leucine 

con ten t. These findings reveal that the XewXa of certain amino .soils 

exert a considerable influence on the d ie ta ry  re^uirew&nt fo r  v lte n in  

h z -  Practical poultry  ra tio n s  which include la rge  mounts of corn and 

soy loan o i l  steal con tain  r e la tiv e ly  high levels, of both leucine and .gly** 

cine, dine# these mala® m i  b have been shown t<> increase the need for 
vitam in i t  foXXowa.- th a t  such ration© should contain g re a te r  amounts 

of th i s  v itas*  a fo r  beat r e s u lts  than would be re- -juirwti with ra tio n s  

contain ing  a sore favorable tm&no ac id  balance* theoe experiments eon* 

firm the r- ports of Croaohke fit, ...rfl]j,f (1946) th a t  by mb® of an amino acid
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mixture sim M im g w in ,  pellag ra  nympho®® in  chicks caused by the t&miing 

o f se in  were due to  the misalMtiwm ac tio n  o f the eaiao acid co n stitu en ts  

o f th is  -roteln* e<sa 1 o ra ls  of c e r ta in  o ther eaino so l ,s i n  the d ie t  

o f irLbm tn  B ^ -d e f ic ie n t chicks a lso  c a r t e d  growth in h ib ito ry  e ffe c ts  

which were p a r t ia l ly  counteracted by r l t e s l a  Therefore# the lev e ls

of these m alm  ac i.ls would, a lso  be expected to  in fluence the  requirement 

fo r  th is  v itam in, s im ila r  observation ear reported by o t t  (1949)t who 

found th a t the v itam in  Bj-j ro ‘lilr&mgxxts were increased bp in c lu sio n  of 

d ried  ifh#y# a l f a l f a  meal and c e r ta in  o ther n a tu ra l products in to  the 

d ie t .  Hartm n jg£ a l ,  (1949) a lso  »hewed th a t  the vitam in regiiirsia©f£h 

m s Increased aa th e  p ro te in  le v e l of the d ie t  was increased*

This finding ih: t  the vitamin re«|ttirwBr.mt is  influenced bp1 the 

le v e ls  of certain  aalao aci a in  the d iet i s  sim ilar to that of Oroeebka 

and T>riggss (1944)|  Groschke S i l l ,#  (1948) and Anderson et al# (1951)# 

who found the need for n iacin to  be increased when * were fed a

d ie t  ooatalnin- high levels., o f  c ith er  glycine# alanine# icucln®# rnrgi** 

nine# aspartic acid# glutamic o i i  or threonine*. h« n these aisiuo acids 

war® fed singly at a le v e l o f 4^ to chicks ro©©:ivi«g s ui&cin-low d iet  

&ro«th in h ib ition  resulted which could be overcome by the inclusion  o f  

niacin in the d ie t .  'Timm worker® fu r th e r  denoneirated that the growth 

depressing setion  of s©iii or gela tin  m  chicks fed niacin-low diets 

caul- im duplicated by feeding combinations of the amino velds which 

they contained* 'reackke end Briggs (1944) demonstrated th a t glycine 

was highly wpell&gregenXow when fed to chiekc receiving niacinflow diot#
.Anderson j^| al* (1949) s im ilerly  showed that the chick growth was depress­

ed by the addition of certain  amino acids to a lm ~ p y r id m lm  liet* On 

the contrary# If s u f f ic ie n t pyridoxin© was present# growth -sms increased 
by the add itio n  of the amino acid* Tha ability of certain vitamins to
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CKrcreoaa grcwrth in h ib ito ry  action  o f  excess arsount® of Ind iv idual anlno 

sol:: n m ta  h&s 'boon, rep o rted • al* (1949) reported th a t

the growth of ra ta  foci diesis containing lOf g ly e lm  was grn f ly  reduced 

s conp&rod, 4 control proup* 3uppCUmntp.tlon o f th© ix gh glyalnc

d ie t  I if. f t c r c y l pin ic  acid emi with pt©royl$iu ta a ic  acid n£ut.i X lw r

e x tra c t resu lted  in  a is&rkac l^provejssmt in  -Towth rat®* P&|© and 

Gingris,a (23*99) foun tfeet Mpb le w is  of glyoinc depressed growth o f

HpritfeTtim d e f ic ie n t r a t s ,  t o t  th a t  t ho sup^l©iae»tstlo» o f I  o r |  o f

pyridoxin© to the d ie t  ova ream- ib is  *1 ©preset on*

Pi&ritn (19&k) deisms tid ie d  th a t  cystine* try p tc . * m e» iaro© im f 

h is tid in e *  glyciiso ana g lu ia a ie  acid  were? a l l  sor  to x ic  i t  fad to  

oats in a ribofla^iixl@fisi#nt diet than they worn who®, the aamc dlots 

wore supplemented with riboflav in#  The so ind ica te  tlm t vitom in 

ni&cin* pyridoxin®, fo lio  acid §.»;! rihoflftiriE. era s ^ u lro d  in  the

metabolism of amino se tds or protein*

The obootTfetion th a t  vitam in B̂ ^ ilsfie :lcney result©  in  as ix>» 

croom  i s  blood nonprotoi© nitrowen* ©jaimo n&%v*®t*n§ c rea tin in e*  nvm  

ash glucose le v e l in  agreement with those of Ch&rfccy idj.. (1950) 

gho found th a t Moo.’ of the b t r i s  ro o e rrisg  vitam in Bjp contained lec# 

nonprotoin :iitrogc-n and lo ts  o f o f the amino acids ne&surwd than 

did the blood, from bird® deprived of vltcualn that the b irds given

vitam in B|2  sore rapidly* Since b e t to r  growth was ebt&tnedi a t  lower 

blood le v e ls  o f md.no *©idsf they wig vssted t  on© function  o f vitceadLn 

&U* is  to  ec&ftnc© u t i l i s a t io n  of c e r ta in  amino ooi A'o form fXmd  t is s u e  

prot@lm«

I t  was a lso  foam, tlm t the ad d itio n  o f ndivldual amino acldss, except 

g lu ta s lo  &cldt  a t  a lev e l o f 4$ v a u l te d  in  growth depression and a t  the

s me time 1novosses* with few o o o o r tio o s , in  the nonprote.la a itrogen  end 

urea le v e ls  o f  the blood* This obeervatlon i s  cosRparmble with th at o f
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Boesbardi jiJ., (1950) th a t  -Mb source of energy in  the d ie ts  e s s r ta  

i aarSced effect os the requlrr̂ 'ivt of stie© fox* vitamin S^g* i1a«&© workers 

found th a t  the ft##:! fo r  v itam in  ***s increased ss  the pereentago of the
to t a l  ®mrgy in take supplied %p carbonyl rat© was m iaod  a t  the espouse of 

energy frost fat* These wooers ©stia&ted tec possible functions of vitaiaia 
%2« (1) witeualii Bĵ  ^W§ like ifciesiln, play mn essential rel€ in aat&bo*» 
U s e  of cerbohydrsie o r carbohydrate lik o  societies o f pro tein? (2) ir/,t~ 

sain 'Bj2  W  lo ro  a function  i s  the  eomroreioa of ? ntrvaodlates fottaed 
in  the met&helitrs of ©erbc$ydr©t© an : proto-in to  f a ts  (o th er than fatty 
ael ib) th a t am required fo r  optlians growth* That the deleterious o ffse ts  

of a high protein os* msirn a.ei«a diet any -0 mmmn& by ▼itessln mg** 
gpssto a further role of vitamin i>* protein or aisiiso aci4 aotabolia&
o th e r then cosgvevalon of oarbdhgr;rate~lUte residues of fat* l a  s in i l a r  

studies with mis,. !%Coltei and Shea (1950) obtained results which suggested 
t  t  vlt&adn Sjj£ I s  involved .in the eornreraien of carbohydrate to  ffei* 

the preeont f  ladings*, a s  well ftai those o f  ofch r j f m t r '  time 7*hu« 

vitam in  B |2 i® supp lied  i t  i s  p o ss ib le  to  p lan t p ro te lr  eonBentswtas t o  

a  far g rea te r  extent in  rationa fo r  roultry other animals* ’This has 
a lso  been mde possible in  deersagd t%? this amount of the sore esspemsiwa 
ani-ml p ro te in  concen trates previously  In  these ra tio n s , fhas vit**

aala Bgg m̂s Berwed the purpose of st*r@t©M.ag th© available supply of fish 
sae&l, neat scraps or o ther sax* £ protein coneesta&tea which tes alsoy* 
been short* Therefor©, vitamin grea t importance i n  practical
poultry rations#



the grcwtb of vitam in & ©hicks was InfalcJUv ’ by t i»12
ad d itio n  of 4J» 1mmin®§ 4^ g lye laa  o r lo  0  sa in  to  th e ix  dipt* fb© 

a JMMslr&tion. of Viteriia 9^2 by imbotiiaiiBcai.. .,.rijoeii-s» or by o a l  &&• 

MMsismtioii couniometsd this growth iishlMiioa* The growth ispressiiig 

aotlon of aoin can o© attributed to its  leuelne content* Tyroclne am! 

a»|mrtie acid fed. at ihs soiss level so rted  si&iX-&* growth ishiMtory 

effect® although vitamin only partially effective in cÂ rooraimg

the grcsrth % *jrs»s@ioru 'lecess o f aXaaim©* ijk-tbioalus o r cy stin e  a loe

dopress^cl growth even when fi.tsM.ii supplied* GIui&Ma s§M  and

lysine, however* exerted only a very slight growth im ibitorg effect in 

tlso presence or abicnce of vitamin

‘The ad d itio n  o f  4$ g ly c in e t a s p a r t ic  a c id , ^o th ica ise  or to  

s c la  to  vit& nlii B j^ d o f ic ie s t  basal d ie ts  increased the  sscrt&Xity while 

the add ition  of 4^ glutamic aeid* alaM.no or cystine* bob liitXe effec t#

On the o ther h&ml* th© m o rta lity  of eM cks fed the v itam in B ^ -d a fic ica ft 

M a t ooaiM sIi^  e i th e r  4$ added. Icuoino* ly s in e  01* 'tyrosine m s loa® 

th o t o f chicks fed th© sirso d i r t  without* «h* added sain© aoiu* a  

t lo a  o f vitam in 1L«» however* a e r i a l ,  reduced the issrtolitr rcgrr.Xer* o fJw&
ib© aisiao .acid .isoludM .in the dioi* bhoa vXiAmtin wms supplied* th#

ad d itio n  of high le v e ls  o f each mmim  s e l l  to  the  d ie ts  d not appreciab ly

o f f s e t  the p@r cent s ic r ta li ty  ©.see p i fo r asp& rtie wold, al&aimo., aethio** 

nine and ey tine#  Shese mmiito act. addition^ scrcasod the m ortality* 

fhc chick blood le v e ls  o f ran p ro te in  nitrogen* sari mo M tro p m , urea 

isitrog©% c re a tin in e  a s , glucose were M&Mfic&mfcly o lem tod  in  a v itam in  

S^g^&fleifttxgr * Those d iffe ren ces were a lso  genera lly  ©t&ervcd l a  ehlofes 

rs&csiving Ii ,gh le v e ls  o f tn i iv i  ‘u s l  umlae aei. $ except fo r  MriliioMsa*
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gtK1 î k.fa. dl©ts a o s ta is iis  i w t i i  $£ ljfi&a$i fi#: ©p

Msad. ss tss  alt«tt§Mi m t dmmuMHl rifctti tins WLimi t^ri# Mfcft m i *o*s*&* 
%

pmn&iwgl3r Iw m iM dU  A W m ^  Urn 1NU*I g l i m  law*! ®f * iisa l&  l j ^ *  

^i^to-iast sm  «^ii M.gh©r sto o st vlt&ovit ssm p lS S i Mias i s  c&iaiai

ro w  *“ 5 » «■»** »a » « *  « » « » » *  * ««w» femmmm irwuAWjag *«*s «h»

6 ^ 4 $ ij!ffl̂ -||y ©§* ft iis  ^eibbSss* yfff!!

mm «sg$&ie4* fmmtblm mgm i s  wM$k wilwm&n 

ito e ti« E  I s  tli© # f m&m mMm t i l  gimaas# &̂ © disM M id*



iKtwrrftlsttofi » f vateOABL



p'

I H L  IE* Hi.-,. ffe

m m #  * » % * -« *  iawS » F « t e  i

m&  ,% %  *HHw*t» s u b *  4

m m  w >  v»38©a»

«? H it
. - * #*

* •» *

P*4$* P t
r...- .V'. V - •• Jtt&f '
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8888 88®8!ĵ8P8888il̂
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