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Almguist ('47) hae summarized most of this work. The require-
ments for the various amino aclds were defermined using a dlet
with 20 per cent protein, Sines then several reports have

been mads that indleate that the requlirement for several amine
ncide varies with the level of nrotein in ths dlet. Grau ('h8)
reported that as the proteln level of the dlet was iﬁaraaaaﬁ,
the ehick's regquirement for lysine was incrsased. almguist ('49)
found that the chick's renulrement for methlonine was aprroxi-
mately Q.75 ner cent, if the diet contalned 30 per cent

protein, This ig proportionsl to the earlier established

reauiren

ant of 0.5 per cent of a 20 per cent protein diet,
Almauist and Merrlitt (V50) investigated the arginine regulirew-
ment of the chiek ag affected by the protelin level of the dlet.
The requirenent was Tound to be anyrorimately six per cent of
the total protein content of the dlet. Thug 1t is apparent
that the remirements for several, 17 not all of the essgentisgl
amine aclds, varies with the proteln content of the diet, and
that gomevhat of a bhalance must be nalntained ameong the
various amine acids,

In the studies vevorted in this thesls, amino acld

inbalanses wore ~roduced by the addition of g eingle amino

acid o an dncomnlete anine acld mixiure to the dlet of ehicks.
This work has develoned Trom earlier studies on the growth

depresceion produced by the addition of gelatin or zein to
nlacinelow diets Ted chiecks, Oroschke and Brigzgs ('46) and
Urires, Oroschke and Lillle ('h6) found that the zlyeine,

alanine, and arginine wvere at least partly responsible for the
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srowth depresging action of gelatin in the nlacin-low diet,
The fact that zelrn contains only limited quantities of thesge
sring aeclds supgrested that obther amine aclids may be involved,
recordingly, 17 different amlne aclidse were added individuslly,
gt o lavel of four ver cent, to nlacin-low chick diets, All
of thase anine acide Aepragzed the growth rate of the chicks.

Tr snotheor axnsrirment, eleven of the amine neids were added

gevaratoly, at a level of four ner cent, to chlck diets cone
taining niacin, The data from both axperiasents are given

latar in thipg thesls, The growth depresslon whieh was noted
when areginine, alanine, glyeine, proline, or glutanic asecld
waz adted Lo the nlgelnelow dlet, waz not obgerved when the
diet contained adequate niaein, Isolencineg, tyrcsine, lysine,
mothionine, eystine, and histidine depresssd growth even if
the dlebd contalned adequate niaein,

The Tact that the five amine aeids, whieh did not
depreas srowth when added to the diet containing adegquate
niaclny are all glucogenic suppasted that nlaecin may haove
soms funciion in converting excesses of these amino aclids into
intermedliates normally producaed in carbohydrate metsabolism,

It was belleved that one of the most important reasong why
the Teadlns of the sxeess an'no acidsz depreased growth was
that thers wae an imbalancs of amino aseids in the nrotelin
pynthagizing centers of the chick, It seemed nrobable that
even with sufficient niacin tyrosine, methionine, lysine,
hletidineg, lsolencine, and cystine, would themzselves depress

growth, or that some of their mebabolle products wow



dgpregs zrowth of the cehicks,

IT the growth depression, resulting from the omlission
of niaeln from the diet, was the result of the inability of
the chick to correct the amino aeld imbalance, 1t would be
gxpected that a defleléncy of any vitamin needed to correct
the imbalance would have g similar effect, Pyrideoxin is
believad to be needed for transanination whieh ig one rsaction
which would aid in the eorrection of the imbalance saused
by feeding excess smountsg of most of the amino agids, If
the pyridoxinedsficlent chicke were not able to correct the
Imbalance 1t wae expected that tre blood nonprotein nitrogen
and amine nitrogen levels would be increased, Therefore,
156 amino necids were fed chicks individually, at a level of
four per cenit, in dlets with low and adequate pyridoxin to
deterzine whethar thelr rate of galn, blood nonproteln |
nitrogen level, and auino nitrogen level would support this
reazsoning. Sarly in the work it was found that feeding the
excess anino acsids altered the blood sugar level., Several
studies have heen made to determine what relation the sltered
blood sugar level mpay have to the depression of growth of the

chicks,



LITEAATURE ADVIRA

frior to 1934 nany studies were made to determine the
cause of disesases assoclated with nigh zern dietsy namely,
pnellagra in humansg and blacktongue in dogs. 1In that year
tlvehiem, Hadden, Htrong, and Woolley ('30) reported the
lzolation of a Tactor whieh would cure the canine blacktongue,
This Tactor was ldentiflied as nicotinamide, Sinee then 1%
has also been ghown that g defislency of niacin is st least
one factor in nellagra. JSorn 1ls the mogt wldely used graln
in feedlinz poultry. corn zrits were found by Sarma and
Elwei ion ('h6), to depress the growth of chicks fed a purified
diet low in niscin, The growth depression could be overcoms
by feeding niseln, Seott, Singsen and Hatterson ('46)
reported that niaeln would prevent the perosis noted on high
corn diets.

A larze part of the protein of corn 1g zein. The growth
depressing action of zein and gelatin in nlacin-low diets,
has already been mentioned In the early nart of this thesis,

Thisz action is noted even though there 1s no excess of any
anine acid present in the diet as great as that produced by
Four per cent of one anine aeld, The mselin difference between
these profteins and most others 1s that they are almost oot
rletely devoid of the amino aecid tryptophan, In 194% 1t was
reported by Krehl, Teply, Sarma and Llvenhjem, that tryptophan,
as well as niacln, would overcome the growth-depressing

effeats caused by fesding rats nlacin-low diets high in corn,
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Arizzs (H%) workins Ath chicks, showed that the addition
of relatin to a purified diet low in niacin eaused a growth
denresaion which could be ovevcoms by the addiltien of either
0.2 ner cent Dletryptophan or five milligrams per cent niacin
to the dlet, Since then many studies have been done to
datermine the way in which tryptophan exerts thig action,
Tt i=s anparent that most aninmals are able to convert trystophan
inte nlzaeclin or niacinamide, The work ol heldelberger,
Abrahan snd Lepkoveky ('47) indieates that kynurenine, and
3=hydroxvanthranilic acld are intermediates; ilenderson's (1L49)
work : argests that J-hydroxyanthranilie acid is converted into
guinelinic acid, which 1s known to be able to replace niacin
both Tor the rat and chick,

There have bsen gseveral reports on the effscts of adding
warious amino aclds to rat diets low In niseln, EKrehl,
Tendsrson, de la Huerga and Slvehiem ('46) fed seversl mixtures

£
X

of slycine, glufamic acid, tyrosine, phenylalanine, valine,
and leueine, O©F these anino aclds, glyelne ssemsd to be the
one moet responsible for the growth depression. sSdngal,
tydenstricker, and Littlejohn ('H7) reported that a mixture
of hintidine, lysine, vsline, and threonine caused a marked
grovih denregsion vwhen added teo nlacin.iow diets of ratis.
This mixture was sdded al a level of 1.47 per cent.
fienderson, Decdhar, :rehl and Llvehjem ('4%7) found that
the growth of rats was depressed by the addlition, to a
niacinelow diet, of two per cent glyeline, two per cent acid-

hydrolyzed casein, or the eculvalent amnine aclds. ITwo per cent



sodivm pyruvate, two per cent sodium glyeolate, or two

per cent sodium lectate were fod but 4id not depress the
rate of grmwth, Later ﬂankss, ﬁaaécrsaﬁ, Brickson and
Elvehjem ('48) fod rats the amino selds found in two per
cent caseln 1aasvi&max1yg only DL-threonine and DL~phenylaw
laaxaa daprcuteé ths gzﬁwth:nr R Y ratgg ﬁﬁﬁ‘#ﬂﬁﬁ?ﬁ growth
aapresaian rawnlting from rauéing the a¢1d¢byﬁr@1ysaﬁ

@asaia sﬁaagﬁ to be aausaﬁ by tka thr%aniaa and phenylalanine
present, Hankes, E«n&arumw and Elvehjem ('49) reported that
the L-threonine and the Dephenylalanine are the 1#@%&#3
responsible for the growth depressing effeect, In their nine
per cent casein dlet, several amino acids are below the level
required for maximom growth, wWhen caleulated on the basis of
Hose's suggested minimal levels for normal rat growth,
methionine, histidine, threonins, lysine, phenylalanine, and
tryptophan are limiting, 4 level of 0.2 per cent eystine ie
‘added to the diet in which the addition of thresonine and
phenylalanine depressed growth, uwhen oystine was omitted from
the diet, the growth depression caused by the addition of
thess amino acids was not am great. To account for thelr
results they suggested that the addition of both threonine
and eystine made the tryp%aphaaAdariaiénay more acute than
when only one amino acid was added, The addition of
tryptophan to the diet corrected the growth depression
eaused by feeding the extra amine acids. They polint ocut

that reports have been made in whioch multiple vitamin
deficiencier wore not as damaging as a2 single vitamin deficlency.



Thie seems to be a reasonsble explanation for the depresaion
caunezd hr feeding threonins. Thesge authors 414 noet sxlend

tha sane explansticn to the depression cansed by feeding
phenylalanine, ﬁaw&%%r, it would be axpzeisd thal the additlon

of ayatine, threonine, and phenylalanineg to ithe sase dlet

s

34

would make the ftryptovhane deficiency even wore aeule than the

aldition of enly threonlne and cystlne. ihedr data showed

thiat the gddition of the three arine aclde te tho ﬁiaaiﬁul@w
diet 414 not depress growth as mucsh asz the threoonice and oystine
eombination, The foot that the S=vhenyvlalanine wasz the izomer
woieh depressed growth, makes it obviocus that makdng a more
aomplete nrotsln i not the cause of the depregsion noted

when JlLephenylalanine was {ed sines both isomers are avallable

In each of the five previocus reports the growth depressions
were overcoms by the addition of elther anlacin or tryplophan
to the diet.

Ihe growth depression wihileh coours when andno aclds other
than tryptophan are added fto a niacln-low dlet, night be
explained by assumdng that the extesrs amine aclds decrease
the efficlency of the conversion of trystophan to niacin.
Trore have bzen some studles done on the aeffects of {eedling
proteins low In trypltophan, or aminoe aelds, on the sxeretlon
of Hemetbhvinicotinanide. Scehwelrert and Pearscn (43) found
that the addition of gelatlin to ths dlet of rats did not
decrease Lhz goxerstion of HNemsthylnleoilnam de. he dlelary

ehanzes did inhibit the growth of the rats, Sarett ('50)



found that the dailly sddition ef 20 to 30 grems of gelatin,
or 20 grams of glyeine, to niacin and protein-low diets of
humans, 4id4 net decremse the exeretion of H-methylnisotinamide,
The addition of casein to the dlet 4id not increase N-
methylinicotinamide exeretion, but did inerease the excretion
of zrypt@?haﬂ. In experiments done by Rosen and Parlawelg
(*49), rats fed a ten per sent casein, six per cent gelatin
diet, gained aﬁiy éii grams &uring a four week pericd, rats
f&é t%@ sane diﬁt witheat the gelatin gsinﬁﬁ 33 grams during
the samg ?3’1¢&i ?ha‘axaaatinn of xuuﬁtnyin&aatina&ién was
deternined during the las& three days of the pericd, The rats
fed the gelatin exnreﬁaa tlightly nore Nepsthylnicotinamide
during this pariad, At the end ﬂf the four wesk periocd a
test dose of L-~tryptophan was given the ratss During the next
three days the rats fed caseln increased thelr Nemethyl-
nicotinamide excretion by 467 mierograms; those fed casein
and pelatin increased the exeretion by only 72 micrograms,
The authors believed that their data indicated elsarly that
the presence of an excess of gelatin in the dlet resulted in
an izpairmzent of the conversion of tryptophan to nlacin.
This defllect in the converslon, if once permitied to develop
for several wecks, was not remedied by the addition of small
amounts of tryptophan to the diet, Thi:s same amount of
tryptophan wag gufficient to allow maximum growth if feeding
was started before the defeat devsloped.

While it seams reasonable that feeding gelatin would
impair the comversion of tryptophan tc niacin, 1t 1s questiened



10

that the data of Rosen and PFerlpwolg indicate that such is
true. Ancther group of rats, te which they fed the ten per
cent easeln, six per cent gelatin diet with Tlve wmilllgrams
per cent nlscin added, showed the greatest increase in H-
methylnicotinanide exeretion alfter the intraperitonesl injec-
tion of the Leiryptovhan, Twoe other groups of rats were also
fad the diet with gelatin and no nilacin for the first three
wasksa, Durlng the Tourth wesk one groun of rats was given

50 milligrams per cent of Ul-tryptophan in the dlet, but failled
to respond by ina?maaa& walzht gaing the other group was glven
five miiligrames per cent of nlscin in the dlet and during the
next weak gain&ﬁ Wﬁighﬁ as fa2t as the pogitive controls, at
the end of the fourth week, when Le-tryptophan was given, the
former exorsted Nemethylnicotinsmide in amounts comparable to
the rates fed casein and gelating the latter's incressed ex-
cretion was aboul gix times the Tormer. These faclts seem to
Indients that 1%t was not the presence of the gelatin, per se,
whleh impaired the conversion of tryptophan to nlaein, but
that the lopsirment was cosoflabed with the voor rate of
rrowth of the rals,.

Sarett and Perlzwelg ('43) found that the llver concen-
tration of riboflsvin and nlacin varled dirsctly with the
level of proteln in the diet. The rest of the carcass had
apnroxinately the same amount regardless of protein level,
dricht and Skerzs ('46) found that both the hepatie storage
of niacln, and the Tecal eliminatlion of niacin and its

metabolltesy wers inereased ag the protein level of the diet
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was Inereased, Tundley ('47) found that the niacin content
of hoth the liver znd muscle lnersased, as the level of

caseln in the dlet incressed, when either dlets with or withe
out added niacin were fed, The last thrse references were

all reporits of work done with rats., Jhether or not this

extra nlacin is needed in the liver when the diet containsg
greater amounts of protein, 1s not known, The lnoreased
niaeir lavel of the liver sugzests that the niaeln recuirement
may be increased ae the protelin level of the diet is increased.
Hartman, Oryden, and Cary (*492) have shown that the vitamin
Bqs requlrement apparently increases ag protein level of the
dlet ie¢ Incressed,

Glyelne toxieity on low pyridoxin diets has been noted
by Page and Gingras ('46). The toxieity could be overcome by
the addition of one milligram per cent of p»yridoxin to the
diet, The addition of 10 per cent glycine, to a rat dilet
without folic acid, resulted in a growth suppression, mild
leucopenla, and an elevated creatinurea, all of which responded
to folic acid, (Martel, Page and Gingras,'#7), Liver extract
and vitamin U overcame the depression to a lesser extent,
{0inning, Keith, Day ani Joiter, '49).

¥Martin ('4ba) found that cystine, tryptophan, tyrosine,
higtidine, glyecine, and glutemlc acld were sll more toxie if
fed to rats Iin s riboflavin-deficlent diet than they were
when the same dilets were suprlemented with riboflavin., The
addition of tyrogine resulted in the death of rats within

gix months 1f the diet contalned pyridoxing if pyridoxin was



omitted from the dlet all the rate 1ivad for tha gix zonths!
axverinentsl period, (Martin '45),

The four papers cited »ricr to the last one indiecute that
certain asino acids may cause s growth depression vhen added
to dlets delicient in visamins other than niacin, and that the
depression can be overcome, at least to some extant, by the
addition of the deflaient vitamin to the dlet,

Ixcesser of any anlno acld become toxice to the reat 1f the
level in the diet 1s great enough. Jdretlind (') found that
the amounts needed to beconme toxle wvaried from three to twenty-
four per cent, Hethionine was the most toxic of all. These
depressions are noted even though the diet contalins adejuate
smounts of the kanown vitsming, the depressionsg have boen
noted to ne influenced by additlions of other amine acide to
the “iet, ullivan, Hess and Sebrell ('32) found that when
five per cent cvatine was added to diets containing elther
five or ten per cent tyrosine, the toxlelty of the tyrosine
was reduced, Hartin ('47) roported that the unnatursl form
of tyrosine is relatlvely non-toxle. The toxicelty of L
tyrosine was found to be decreased by feeding coysestine or
zlveliney tryptophan or glutasmic acld had no efTect.

firown and allison ('49) fed rats a dlet containing
12 per cent saseln and +.53 per cent Dlenethicnine and found
that the rate losgst welght faster than rats palr feod the same
dlet without the methionine, The addition of arginine, to
the 4ist contalning methionine, regulted in less welght loss.

The decreagse In weilsht vwhen methlonine was fed was assccliated
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dug to thoe increass. dermunds of the body Lo metabollse nethyl

oups, either by oxliation or

groun o ersatinine, 11t would be expected that feeding extesse

ive methyl groups as choline wouldd alss
However, wron thle was tried 1t was found that choline, at a
level o7 1,37 per eant of the let, was wall tolersted by the
raty the addition o choline to the hizh meihionine diet (id

not eirmniTticantly {(fot and Allison, '50),.

ora, 14 was
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Wy fhe work of Yan Pilsum and Bare (380),

Yinge the feeding of hish lewels of amline acids appear
to alter carbohydrate metabollsm, and alnce the reguiation of
marb@ﬁyﬁraﬁﬁ rotaboliss in blrds anpsars to be gultes 2il{zrent
from that of mpamale, a brell summary of what ig known will
he ziven, The summary 1z tslken Trow & papeéer by Oolden and
Long (42, The bloond suzar level of dirds is about twice
that of nost comuon mammale, The fed level was found by these
sathors to e about 192 milligrams per cent, and the fasted
lavel about 182 milligrams per cent for 300 gram birds, Thla
value decresses slishtly with age. The total remowval of the
naneress of birde does not produce the permanont dlabetes
found In deogs and other mammals. Jhe panereas of the birds
“oes ceontaln Ilnsulin, however. Gome have sugsested thiat the
gvisn nancreae, vhen pregsent, functionsg in the repulsztion of
cerbohydrate metabolisn In g nanner siallar o that ol the
nemrslian pancreas, bt its presenees is not essential. It has
heen shown that dircse may be given larsze doses of insulin withe
nt any monifastationsg ol convulglone or insulin sheck. When

ia piven in amounts o one unlit per kilogranm of body

welrht there 18 2 marbad lowering of blood mugar Liver glysogen
i1a gquite varlabhle hut aversses aboub {hree per cent in fed birds
and declines o ashout Q.+ nor cent after 2% hours Fasting.
The pectoral muscle contaline sbhoult one per cent zlyocogen in
“ed Blvde and declines o (L,75 to 0,20 per cent during o Phe
hour fast. he pectorsl mascle contalns hhrese to Tour tines

#lycoren than the restroenesius mugele. adrenal cortieal



avtract adminiztered to fasted chicke nrodue g eimmificant
depcseition of liver slyvoo-en and ralisss the blood sugar to
sunernormal lavels, rroteln seezs to be the soures of the
ne? anrbolvdrote. ho hyperclyvesslice and clycogenclytie
pronerties ol eplinephrine have »lso been zhown in the chilek,
Hrde are extrecely soenglitlve to hynophveectony and adreonale-
sehtony. Jypophivsactonmy, hwwsver, dees nol gesr o asues a
vary marked reduction in blood sussay lovel,
here have been reporis of amino aneldes or thelr broskdown

products having an insulin-like action, IFrank, Hothmann snd
damner (128) reported that guanidine produced a »rogressive
hyposlyeenia In rabbits. The effect was also noted with several
substituted guanldines, one of which waz azmatine, produced
by decarboxylation of arcinine, This gurrosts that arginine
itsclf may have thies elfecty if nolt, at least z possible

bolie nroduct does., Landsusr ('4%7%) noted that when insulin
was injected Into egzge prior to 72 hours incubation, a large
increase in the per cent of rumpless chicks regulted, When
Insulin was reversibly Ingativated, this zctlon was losh but
ragctivablon of the ineulin restored the action (Landauer and
Lanz, '%68). Zleniflcarnt increases in rumplesszness was noted

when eysteine hydrochlerlds, cyastine, glutamie acld, or malie

zeld wos Injscted into the epg, thus mapcesting that theree

amino acids have an ine lin-like activity. Jonlin (vu)
found thaet repaated injectionz of three »11ilisrass of ~lyoine
poer kilosram of body velght inte rabbltsa, svpeared to inercase

ot

the action of zubsesuent injeetiorns ol

',.u

ingulin Tor = usrolonged
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pariod of time. ~Martin ('47) found that rats fed diets high
in %yr@sina did naﬁ xhnw as mamkﬁﬁ hyp&glraania wuan ingulin
was inaaﬁﬁaﬁ* ’ LS L :

Hiaein has been shown %o &nfluanea the aetion of insulin,
Burke and McIntyre {539} reported that niacin decreased dura-
tion of hypoglycezis following the injection of a2 standard
dose of insulin., Landauer (*48) found that nicetinamide and
alpha~ketogzlutaric acid prevented some of the sieromelia and
baak defects which resulted when insulin was injected into the
yolk sac of the hen's egg between 96 and 120 hours of ineuba-
tion, 2willing ('49) found that nleotinamide and alpha-keto
glutaric acld reduced the hypoglycemia following the injeation
of insulin into the egg incubated for 120 hours.

These papers suggested that arginine, glyeine, glutamie
acid, and cystine may have some insulin.like action and that
niasein can reverse, to a certain extent, the action of ingulin,
Our early work had indlicated that the same amine acids depreased
grovth of chicks on & niscine.low dlet and this effect was ro-
vergad when nilacin was added to the diet, This naturally
ralged the question as to whether the glucogenic amino gelds
have an insulin-like acetion,

The work of Lotspeich ('H9) has shown that insulin will
eause a decrease in the blood amine nitrogen of fasting dogs.
He found that there waa a correlation between the proportions
of sach amine acid removed from the bleood and the proportions
of each amino acld in s representative body protein, skeletal

mascle, This observation suggested that insulir prambtas the
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gynthaesias of wroteln from clreulating amino aelds,

It was first noted that the additions of amino aclds,
at the four per cent level to chick diets, would alffect the
grovth rate of the chicks, [The work reported in thilsg thesgis
hae been done to determine how these amino sclds cause the

effects.
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In the experiments reported here, unless otherwise noted,
day-0ld NHew Jaapshlre chicks of both ssxes were used, They
woere progeny of the Unlversity of Maryland flock being fed a

practical breeding wmagh. At the beginning of each syperiment

w"

the chicke were Jdivided Into uniform groups and raised in
glectrically-haated batteries with wire floors. Feed and water
werea glven ad libltum. Jelghings and other observations, eXxe
cept Teed consumption, were made weekly, The experiments were
conduected for four weeks. At the termination of each axperiment
the total Teed consumption waz determined and the efficiency of
feged utilization was caleulated by dividing the total gain by
the total Teed consumed,

The basal ddet 113, and the rations used In experiments
32 and 40, are given in table 1, In much of the work reported
hers diet 113 with Tive per cent of the gelatin replsced by
Cerelose, wae uged, In thlg thesis inhldls ration 1s designated
113-% per cent gelatin., vhen all of the nisecin was omitted, the
dlete are designated az 113K or 1l3k=5 per cent gelstin, Sube
stitutions in these dlets were made =t the expense of Jerslose,

In some of the experiments the University of arylang
noultry departmentts starting mash was fed., This iz a commercial
tyoe mash having approxingtely 21 per cent protein,

In these experisents the level of gseveral blood conagtituents
hag bean Jelermined. Unleszs otherwise indleated, the birds were

faatad Tor approxisately 12 hours belfore the blood samples were
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Composition of purified bassl dlets employed
in erneriments with chicks

RATICH

Gluecowe (Cerelose)

Cagaln {(erude) 18,0
Gelatin 1C.0
calts LM% 50
Zoybean oil o0
JLetathlionine O
Liver naste -
Celluflour -
Vitgnine
Cheline chloridie 200 .0
{-Inositol 100,.0
Higodn 10.0
(w ﬁmﬁ@@ﬁ%@wﬁ%w 2.0
fiboflavin C,.8
uammﬁww H31 Ouh
Pyridoxin 101 C.6H
wma@:%ﬁwmm bengzele acld D2
Hlotin G2
wawwa acld Ce 2
alpha-Toaonharol acetat Co®
Henadlionea O.1
th. L JWMLW,J A www.wmw i Mwﬁwmv Mw« ,&,wo %

raspactivaely by

 USal
a8
per 100 grams of dlet
QQ «Wﬁwtw?
wv.. & MM‘O
%.0 Gel
+o 0 w&ﬁmw
M-H ch
...m,t -
30 =

2000
100.0
“rfs.‘ W

240

and H.WQ Aalafiells
dropner weekly,

milligrams per 100 prams of dlet

200.0
100,00
Wwwd_mw
& imu

unl

¥ialts Mﬁ‘m%m somposed of the following ingredisnts b welght:
umamw 150.0 m%%mx;ﬂm ¢ 50.0 ﬁﬁmsrommmm Je2
w?@w@# S0,0 Fe(s meﬂu. NG 1,0 330, 009
gma%cr 73.0 ¥nS0y +H 0 el SO3Gy <740 0401
‘,.mw? ,,mm, 130.0 KI O.h
Hall B6.0  inCly De2
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tsken. fhe blood used in zll the determinationg was vithdrawn
2y heart runeture. Approwvimately egual amountsz of bleod were
withdrawn from each bird, and the blood Trom all chicks in a
group was posled and s group sample was used in makling the de-
terminations, In gll experiisnts, in which amine aitrogen or
nonprotslin nltrogen wasz determinedy the profelnefres blood
filtrate wvas preparad by the method of Polin and Ju ('19), In
sona oxperizsnts only blood sugar was detormined and *he blood
sreteling were preciniiated hy 0,19 4 bariam hydroxidse and 2.5
nar cant zing sulfate. Debterninatlon of nonprotein nitrogen
wasz by the method of Feolin and Ju, loe, clt, aAminc nitrogen
was deternlined b the method of lanielson as modified and glven
by Tawiz, Tger and Summerson ('47), with the followin; exceptions:
T othe determinatlons of amine nitrogen in the blood of the
chilcks of the pyridoxin expsrizents (dats given in tables 3 and
W}y the final colored solutlorn was diluied to 3% miliiliters
iratasd of 17 millilliers ag the Iinstructions zive. 411 of
thoee smine nitroges valuss are higher then would be sxpscted,
The zaminoe nitrogen in o few of the samslaes were latsr determinaed
by the method ziven below and lower amine nlirogen levels were
found. These valuer, although lower, were correlated with the
doher values determined earligr, Hince 1 is felt that the

dirferences baiween sroups sre the most slgnilicant part of

&

he results, no attenpt has been made to correet ths level,
other anine nitrogen levels were determuined asg glvern in the
L

ngtructlons, except that two milliliters of the blood flltrate

and three miliiliteors of distilled wuter ware used ingitesd of



the Tive millliliters of the blood filtrate,

The sugar content of the filtrostes was determined by
the method of Jenedict ('31). In all determinations, alter
developing the color, the color densily was Jetermined by a
L.elitz Houye-photromeber.

In gome experiments the birde wars subiscted to 2 zlucose
tolarance teat, 54x representative birds of a group were used
Tor eacgh test, Blood samples were taken just before glving
gilucose, one hour later, ané two and one-hall or three hours
later, as Indleated., Two Dblood samples were taken fron each
birdsy four of the six birds were used each time bleod was drawn,
two of which were used to obtaln each of the other two saupleg.
The zlusose {(Cerslose) warz glven at the rate of thres zrams
per kilogram of body welight ar a 30 per cent soluticn in water,

Frocedurssg other than have been given previously, vere
usad in several experliments. Hince they usually apply to only

one experiment the procedure is given with the ragults.
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feet of o4ditiong of individusl amino aclds to chick diets
with and without added nlacin

The Tirst experinents wilih hish levels of individusl anine

2

aelds were done in 1947 by Dr. A. O, Oroseltie wlth vhoo Shs

working at that tine. The results of thosz oxparis-

=

;.u
el
ot
"y
o
4
&
o
7
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merts Tave net been nublished in detaldl. Since they forn the
bhasirround of the work whieh Tollows in thins thegls the Jdsts
are presente? in table 2, In the abgence of niaein, a growth

s
1

rrasiorn ogeurred wiih the Taedineg of high levels of several

&

ek

41 "Parent wnine acids, ut thls depression varied in degree,
HMethlionlne waz sxtremely toxiec, all chicks being dead by the
end nf the third week. A8 the level of glyoline was Increasgsd
from twoe o flve par cent, the growth depreseion became greater.
Leusine depressed the growth rate of the chicks least of all,
Shen the same anino aeids »ere included In s diet whieh
acntalned nilaclin, lmproved growth was noted with all snino acids
axcapt isoleucine, Ihe growth depressing actlion of srpinine,
glyeins, slutamie acid, snd sroline, all of whieh are glucogenie
aninc soelds, was svercome. It will be aprarent in a later
summary of all work that the glucogenie amine aclds do not

depress growth ao much as moest of the ketopenle amino ascids,
Thie AlfTerence between the action of the kelogenlc and
glunegenie amine acids supgpested that nigclin functioned in the
mnatabollen of the exceasss of tre amino acids,

The ehlcke Ted 4+ per cent lveine in diet 113-% peor cent



Growth depressing action of individual amine acids

TABLE 2

in the presence and absence of nilseln

GROUP

AMINO ACID SUPPLIMERT

w0

BILT 113-5 PE3 CUNT  mO,

GELATIN

AVE,
WT,

2 SRR
+ WES,

O«
GHICKD

L T - BRS: B RN T " i I o

I e U I I T = R R S S
S 0 @\ W N RO

Hone

Wi
s
Lo
b

DLealanine
I=grzinine HC1
Dl-azpartie scld
L-cystine

i L-glutamic aeid

glyeine

% glyecine
« glycine
% glycine

glyeine
Lehistidine HCL

! el soleucine

L-~loucine

% Lelvsine “C1

Hl-mcthionine

L DLephienylalanine
% Leproline
% Legaorine

L Dhethireonine

i2

P LN « S + S e SO S I I - A

(L BT S

grams
220

137
107
167

79
142
164
137
116

87

151
18%
77

151
100
18k
167

6

6




TABLE 2
mum

Growth auyraastng a«tiﬁn of . 1aé1viéu&& amine aoids
4n the presence and absence of niacein

noup AMINO ACID BUPPLEMENT
wo.  TO DIET 113-5 PER CENT
. ~GELATIN

21 &% L-tyrosine
22 % Dlevaline

gelatin, in this experisment and in sabsequent expe
exhibited tremors throughout the period,- This has aleso been
ent, but

noted when zlycine was fed at levels above four per ¢

the condlition was less severs,

A peculiar condition has been noted in the chicks fed
alanine. These chicks tend te stand in a fixed position and
do not move about the pen as much as normal chicks, The move
nents vhich are made are very slov and deliberate, Thiz cone
dition seems to be somewhat overseme by the end of a four wesk
experimental period,

Effects of adding individual smino acide to chick diets
containing low levels of pyridoxin
In later studles the effects of feeding glyeine in dlets
low in pyridoxin were studiss more extensively than any other
amine aold., In one experiment, diatyli3m5 per cent gelatin was
fedj the levels ef pyridoxin fed were O, 50, 75, 100, 150,



25

300, and 500 micrograms per cent, Another experisent wag done
with diet 113 and the zame unyridoxin levels. The results of
both experinants sre »resented in “lgure 1, The additlon of
four pey cont glvelns to diet 113-9 par cent gelatln old not
denrass the growbh rate of the shicks with any of the pyridoxin
lavels fed, In diets gontaining frow 100 to 600 wicrograncs
per cent nyridoxin, the addition of glyveins o the diet increased
the growth rate,., Only when glryeine was added to the dlet withe
out pyridexin wag there any deleterious effect; here the chicks

fpd ~lvelne diad st an saviier arze,

ot

The ceowth of ghicks fad diet 113 wiith fcur per Cen
glyeine, was depreseed with a1l ridoxin levels below 300

miorosrans ner conb. SLightly grester grovih wase noted vhen

glyeine wues ad to diet 113 with 400 mierograms per cent of

nyridoxin. Thus ﬁhé addition of glyelne depressed growih of
chicke 1€ the pyridoxin level was Inadequate, but the growih
depresslon wir ovarcome 1T an adequele lovel of prridoxin was
added to the dlet, Thie zetlorn io slodlar o that notes with
glyeline in the niccin-low diety although ten per cent gelatin
was roeculred in the dlel before the similarity could be noted.
Hlocd ponnroielin nitrogen and anlno nlirogen levelsr were
sterained for all groups of chicke in the experiment in which

&
Alet 113-7 per cent selasbin war fad, Dol

&
&
3
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the addition o glycline %o the Jdiet at all

%
L . . oy p . o & - s gt e 4 % T — S . 4
There wae o corpelation between pyridoxin level in the dist

gmine nitrogen levels in

the chick blosod,
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100
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10% Gelatin

10% Gelatin
5% Gelatin

5% Gelatin

.

and 4% Clycine diet

diet - CT——————
and 4% Glycine diet — — —

100

200

300 500

Pyridoxine level-micrograms per 100 grams

Fig. 1 Effects of adding four per cent of glycine to chick
diets containing various levels of pyridoxin. The data from
which this figure 1s drawn are given in the dppendix.



Since reducing the pyridoxin level to 7% micrograms por
cent of the Adlet depregesed the zrovth of chicks to abont the
game sxtent as onititing nlacin frosm the dielt, this pyridoxin
lavel was selected to etudy the elfscis of wddltions of othsy
a< no acldg, In ftwo experiments 1 2nino acldsg were gdded,
Inddvidually, &l a level of Tour cer cent, wo dlel 1l3-% sar
cent g@lﬁﬁiﬁ. Fyriiowin levels of 7% and 00 nicrograms per
sent were fed, he data arve glven In tables 3 and 3a. &ix
amine aclde wers also compared nslneg dlet 113, the resulis of
are given in table b,

In the pyridoxine-low dlet 1135 per cent galatin the
addlizion of the agllothreonine-thrsonline nmixture caused a
rrowith depresgsion which was overcome 17 adecnate pyridoxin
wag added to the dlet, Additicne of arginine or glutamlce acid,
to the pyridexine-low diet, inereased the growth rate; ithese
gane amine acids had produced marked growth reducitions in the
niacin-low dist, These sxperiments also confirmed the {act that
feading any one of the ketogenlie aminoe acids studled, except
lsucine, denresges growih of chicks even 1f ample niscln and
nyridoxin are present in the diet.

When the ten per cent galatiw basal was fed,y the addition
of leucine depresgsed grouwbth of ehicks Ted the prridoxinelow diet,
and the denression was not observed when sdecuate pyridoxin was
added to the dlet., The other five amine acids elther decreased
or Increaszed growth of chicks vhen added to glither of the diets.

Hlood amine nitrogzen and nonprotelin nitrogen were determined

in boty of the sxperiments and are glven with the results. Yost



TABLE 3

acdde dn diets contalning low or cunte levels of

A comparison of the effectsg of feeding chickeg various amino
ad e
pyridexin (ezperirent 33}

GROUP o001 "K"H= TOOBIET PYRILDCELD 323 Vo, OF =W, T, FO,
Eieh %gar;; Lot ggggx W LNO B b dlBe SUZOKS
milligrams per cent grans

1orns 0,075  ¥7.5 6.7 139 10
Hone 0.600 5L.0 27,8 183
hi DL-methionine 0,075 $245 - 3l
% Dh-~methionine 0.600 Weo 5 27.6 51
v Lecystine 0.075  51.1 31l.1 20
i Lecystine 0+ 600 787 2947 129

P

W
&
£ =

w
o

o
d

4 Dhephenylalanine ©,079 52.0 30,0 &1
3 b Dlephenylalanine 0.600 66,0 30,0 96

v
*

" 7 I 1N

S 4% Letyrosine 0.075 a5 30,0 100

i~

10 4% Letyrosin 0,600 525 Slre2 115 1

11 4 Leleucine 0,075 - - 135

I

12 4 Leleucine 0.600 2.5 30,0 252
13 L DL-valine 0,075 - - 93
1% 4% DLevaline 0.600 49,2 33.0 1:7
1% 4% iLeisoleucine 0,075 51.0

lij- z§‘1 el sol sun iaﬂ? @'; 6@@ r@& .7 7 7 E“i". P 1*:3

o

17 4% Leplutamle acid 0,075 5340 30,0 166 10
12 ki Leglutamic aclid Q.600 50.0 30,0 194 9
19 4% DL-alanine 0,075 H5,0  32.0 1:5 8

20 48 DL-alanine C. 600




TABLE 3A

A eem?ausm of the affects of feeding chicks various amino
aclds in diets eontaining low or adegquate levels of
pyridoxin {azgarimant 37)

GROUF DD mﬂ TC DIET PYRIDOXIN BLOOD LIVEL €T AVL.WT, WO, —

BO, 11 _ LBY, RPN AMINC N, 4 WES, CHICKS
’ 1igrama ywr maaz Zrams
1 THone e..e?s 570 30,0 201 10
2 None 0,600 55.5 31.8 232 B
3 5% Dlelysine HEGL 0,079 51.0 30,6 83 8
% 4% DLelysine HG1 0,600 4.0 28,8 77 ?
5 W% Learginine HG1L 0,079 - 224 247 b
6 4% Learginine HC1 0,600 - 29,1 348 3
7 M§m§’ 0075 5840 37.2 158 5
8 bf Dlethreonine 0600 57«0 35.7 247 6
DL-allothreonine
9 LZ L-histidine HC1 0,075 710 30.9 97 5
10 W% L.histidine HOL 0,600 65,0 31,8 137 5
11 W% DL-tryptophan 0,075  53.5 20,k 8% b
h

12 L% DPLetryptophan 04600 63,5 1247 169




A comparison of the effects of T
agolds in diet 113 cent

TABLE &

pyridoxin (experiment 37)

30

aa&ing ehicks various aming
low and adequate levels of

W ® N\ T W om e

FEREGS

Hone
Kone

4% DL-aspartic aeid
L4 DlL-aspartic acid

4% Learginine HC1
4% Learginine HCL
44 Leglutamic acid
4% Leglutamic acld
4% Leleucine

4% L~louaine

b4 DL~glanine

£ L-tyrosine

4% L-tyrogine

0075 530 29.%
0,600 38,5 2341
0.075 42,5 22.8
04500 5240 2644
0,075 - 2449
' - 2743

'6&79 ‘#’5“5 3568
0,600  h7,0 2,0

F5:0 30,6
600 5.0 30.6
0,075 54,0 30,6
0.600 57+5 28,8
0075  h5,0 2641

0,600 &5 24,6

"w&lligzmmalﬁarﬂﬁuﬁth o

185
312
149
289
188
279
125
270

10

10




of the valuez for nonproitein nitrogen are hizgher than the

values reported by Leott, serfontein and Slellng ('33), of

fac I . 1 § Y =~ y o P o b il & e P SN
2HRLE and 42,4 millizrams psr cent in adult dhite Leghorn
rullets and aockerels, respectively, HNonproteln nitrogun

yalunes wvere usvally found to he ndgher whan an amine acld was
added to the diet, most of the amino aclds, which 4id not
inerease nonprotein nitrogen levels, wers thode which depressed
arowih to the sreatest extent, The blood amine nitrogen leovsl
was increzsed by the addition of sgach znino acid sxoent wath
cnlne, lysine, and arginine te the diet conteining five per
gant galatin. The blood amino nitropen level was decrensed
alse Yy Ancrvessing the gelatin level of the diet from five to
ten par cent,

The blood nonprotein nitrogen and amino nitropen levels
414 not appenr te be altered congilstantly with the change In
pyridoxin lavel from 79 to G00 micrograms ser cent.

An abttempt wae made to determine the relative levels of
tryptophan and arginine, by chenieal ecolor tests, in the blood
filtrateg from the chicks fed the basal diet and those fed
tryptophan or arcinine in experiment 37. ihese amlno aclds
eounld be detected only in the Tilirates frow the chicks which
had been fed the amino aszids. 4as Judged by the intensity of
the ceolor produced, the ehileks fed the dlet with 000 micregrams
per cent pyridoxin had & higher blood level of the amino geld
than those Ted the low level of pyridoxin. Thus, thers was
ne indication that the blood asmine acid balance was restored

to normnrl by the addition of azdequate prridoxin and niacln to
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32

the dlet,
GJlyeine regulirement of the chick

The inerease In growth noted with the additicn of glycine
te the five per cent gelatin dlet, and to a lesser extent to the
tenn ner cent gelatin diet, rsilsed a questlon as to the zlycine
regulremonts of the ¢hick. According to presently accepted
standards the former diet shonld have ample glyolne and the
latter diet should have at lesst twice that needed for optimm
growth. There was a pesribllity that extra proteln was needed
for optinam growth and that gilvelns wss increasing growth
rate of the chicks by ralsing the protein level of the diet,
Therefcre the flet llsted in table 1, under experiment 38,
was prepared to contaln a hizher level of protein. It was
caleulated to contain 1.0 per cent glyelne and 1.2 ner cent
arginine, which are the presently accepted requirements for
optimwmm growth of the chick. 7The addition of glyeine to this
diet, at levels from 0.29 to 2.0 per centy resulted in a
2lishtly decreassd rate of gain (table %). Addition of five
per cent pelatin, howevar, Inereased the average fourewesk
galn about 100 grams. 1t ig believed that the arginine in
sasein is not completely availlable to the chlcky gelatin is

a rood source of arginine.
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Lffect of arzinine, glutamie acld and zelatin on the growth
depression caused by feeding chicks o high level
of methionine

As has baen stated earlier, the addition of DL-nethlonine
to the dlet of chioks at a level of four ner cent regults in
almost a complete cessatlien of growth. Thig hag alzso beon noted
in rate by Prown and Allis=on ('48), These workers had also
reaperted that arginine and glyeine would partially overcone
gsome of the elfects of feeding excess methionine,

This raised the guastion as to vhether or not arginine
would overcone asny of the growth depression that feeding
erxceszs methionine had ecaused in chicks, 4 diet very siuilar
toe that used in the last study on glyveine was made. its
composition 1s given in table 1, experiment 40, This diet was

ealculated to contain slightly over the presently accepted
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requirenent of the chiak for arzininus, 1f
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avallabla, Craded leovels of arjlnine were adided to the diet

T oy ot % T PPN 5 A AT e d O s o Gy zery F ey s
with and without tores ser cont wdded Dlemethionine, The
. 1. ., . b JNEE o B -
greinine s wlth melatin and olutamie gold,

AN, PN oy oty ek won gy o y Ea . Ty
The rasults of bthe experinment sre glven In table &, The rate

galn of the clioks fed the oxtra arginice wae twice that of

- Bt PR 1 S % o ] 7 B £ s SRS A F ey e g o o 3 .
aghicke fal the bisal Jdilet. Jhe addliion 2f threce oer cent

'y sy g e T P R T, - . LI S e o PIRPRPIPe ¥ W s L%
Dlemethionine te the besal dlet depressed the growih rate of
T R e . 2 : 1 A S ey g B A% 4ol

the ehifckz to less than oneenalf of the rate ol the chichs fed

the basal Jdiet. This depression ol growth rate was sonewhat

{%

vorsonme Ly argloine, gelatin, or glutamie zeld ut none of
theose ochicks grew st a rate equal to thwse fed the busal Jiet,
fesulig of determinations of bloed nonproteln nitrogen, amino
nitropgen, nonlasted gluccss levels of sll the zroups, and
Plood slucose leveles Iin g zlucose tolerance test on seven groups
are in table 6, 4z the level of arginine added *o the basal
diet was increased the nonprotelin nitrogen, amino nltrogen,
and nonfasted vlood sugar 1%?@1@ daecreaged,. heze trendsg wers
not as apparent after aldition of methionine to the dist,

The glucosge tolerance tesis, on the chicke: of aexnerinent
40, were deone 11 days following the terminatlion of the experi-
ment, During the ten days following the experisent sll chichks
wore fod the University of Marviand gsterting mash witheoul
the addition of any amino geid, The resulis of the test indi-
gate that the blood sugar level was 2till being Influsnced by
he diet feod during the experimentsal rericd., The fasting

Bloed supar level of the chicks which had besen Ted arginine
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TABLE 6

Effest of a:ginina glutaxmic ac¢id and gelatiﬁ on the growth
depression aﬁnaa# by feeding chicks m¢ahiem1nﬁ
{experiment 40)

GRUUP BUPPLIMENT 70

HO ., BASAL DIET ‘ o Sepiie
| | grams milligramu pa@ cent
1 lNone 10 160 21,3 53,5 207 173 204% 180
‘2 049% Learginine HC1 10 319 19.0 72,5199 - - =
3 1,08 Learginine HO1 9 280 19,8 49,5178 ~ .+  «
b 2,08 L-avginine HC1 10 330 15,8 39.5 163 148 256 181
5 3.0 Dimethionine -6 89 19.8 90.0 193 188 366 28
¢ ézagﬁgagézwﬁﬂx ‘¥ 19.8 49,0209 - - -
7 As 5 £ 1,08 -

L-arginine HC1 9 133 15&1 #5;5 19, - « -
sasgneg

Learginine HOL. 8 1L 16.6 9.6 195 1&# 280 210
9 5% gelatin 20 309 21,3 k9,5 200 174 238 212
10 As 54 9% gelatin 16 123 28,9 Sh.5 206 187 252 197

'glaxauia aaié 7 11h 21*9 5940 219 178 238 1935

-

*The glucoze tolerance test was dons 1& aayg after the feeding
part of the experiment was finighed; the chickens were fed a
commereial type mash during this period.
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wis lower, and those which had dbeen Ued methionine wae higher

than the chicka not fed either of the amine aclds.

of ona aoino aeld on the
zlucose tolerance test

L e Y i ;’- o " o b o
;,,»;\J.Q“'C:a ’3.& é’*@winh i ;“4“;1

e e e ] e o - & by e R e ey e
conduated Lo deterslineg the e fsats

a siscle smioo seld, ugwelly sethlondne,
o the performance ol chickens in & zluccss bolerance Legts Jhe

first was done on chicke which hwd Leen uzsd in another experie

. e 5 e e e L 2 Lo rer s - T S 1 v,
menl N rapoeried here. o Zroup ol nlaclo-deliulent onlzbens

and = proup oi chlchkens Vod a alel gcontalning zdegquate nlacin
were available. ihe nlacin delleient chlehens 2ll wel hzd loss
than 125 grams at four weeks ol sze; the mean welgat o the
chickeng fed the diet with sdeguate nlascin was over 300 grams,
Lach of thegs groups was divided Into twe equal grours on the
bagls of body weiprhts and fed tie diets ligted In table 7 fer
two days. The mhi&%@ms wera then Tasted for approximately 12
hours and o glugose tolesrance test serforned. The fastling
blood gugar levels of the nlacinedelicient ehickens of bobh
grouns were lower than that of the chlickens fed the dicte cone
taining added niascin, The fesding of methionline inores

the faetinz bleoed sugar level of the chiickens fed either dist

113 or 1131, This Jiffersnce wos even wore apparvent 2.9 hours
altter glucoss was glven.

Glycine, leucine, lysinc, and methlonine were later fed,
individually, at a level of [ive per cent, to glx weck-old
chizkengs the renalnder ¢f the diet wasz the departient's starte

ing wmash, These chickens were {¢d the dlet Tor six doyvsz alter
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TLELE 7

Influence of elght per cent Dl-methionine in the &iet on
hlood sugar levelszs found in slueoss tolerance test on
niacin-delicient chicksz and chicks which had recelved

adecuate nisecin

milligrams per cent
113¥H 136 230 188
113% £ 8% DLemethicnine 1h2 2h1 218
113 158 194 177
113 # 5% DLe-nethionine 166 232 20k

which they were Tasted for 12 hours and a glucose tolerance test

performed, 7The resulis of the experiment are given In table 8,
THBLE B

Effeat of high dietary levels of single amino aeidz on blood
sugar levels found in a glucoss tolerance test

GROUP  AMINC ACID BUBSTITUTED POR  SlXeDay
RO, 5 PHR CRET OF DIa GAIR

2 H1
¢ Q

gramg wmilligranms yér cant
1 Hone 86 172 228 192
Glyeine 36 177 264% 2%

2

3 L-~leucine 50 190 248 207
Ay Diw=lysine HC1 28 7% 21% 21§

Wi

NLenzthionine -l 186 242

i
0
o
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3

A1 of the chickenz fed anine acide galned less welzght L.an
birds fed the gbartins mash sloney those fed 5 per cent
methionine lost welght during the sxperiment, The fasting
blood sugar level of 211 c¢hilckens fed amine aclds was higher
than these not fed amino acids. In the rlucoss tolerance

test the chickens fod methlonine or lysine had nlsher blood
sugar levels 150 minutes after the glucose was given than 90
minutes eariier, Xelthor level was above 215 milligrams per
cent In the case of the lyvsine-fad ehlckens, The birds ed
ziveine or leucine both had higher blood sugar levels 150
mirmites after the glucore waz piven than the birds fed the
basal 4let., ‘lowever, in both cases this level was below the
blood supgar level {ound &0 minutes alfter piving glucose. This
appeared to be significant, since glycine and leucine had
increassed chilck growth rates when added to dist 113-5 par cent
gelatin, and lysine and mesthionine both decreased growth rates
when added to the same dlet,

Ancther experinent slnilar to the last wag done in which
methionine was the only amine aseld Ted. Two groups of chlckens,
averagzs weishit about %00 grams, were feo ths poultry depart-
ment's starting mash. Two more gimilar groups were fed the
same diel wlith Tive per cent Di-methlonine added. At the end
of o ten-day perilod a glucose tolerance itest was Jdone, In this
test, one group fed the basal dlet and one group fed extra
methionine, recelved 150 milligrame of methionine per kilogram
£ body weizht in additlion te the glucosze. The resulte are

o
given in table &, Three hours alfter giving the glucoss, the
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TABLE 9

Lffect of feeding methloning and glving metihionine with the
gugar 1n a glucosze tolerence test

GROUP 33’.1;2“},“&
aV{}

eSO e LR N 'ir"
L d Ay Bl

7 éﬂ-aI %%
grams
1 &tarting mash 160

2 As 1 ¥ Dihesncthionine
in test 14 168 187 177

3 ;ﬁ,s l ; g;; :3L-
methionine 35 171 216 202

' As 3 4 Dlenmethicnine
in test wfl 167 25k o028

blood suzar level of both zroups of chicks fed the bhusgl dlet
during the tsn-day fesding nerliod had returned almost to th
orlzinal level, Both zroups which had baen fed excess msthilionine
had bleood sgurar levels consgsideravly above their oripginal fasting

lavels, The zddition of amethionine te the glucose s=olution

03

given in the ltolerancs test, had 1little effect on the Tinal

hionnd =lucose level,

Effeet of methlonine on the rate at which chickens lose
walght during a Tasting perled

In thege exveriments the addltion of “our per cent methionine
to the diet of chickens, regulted in almost complete cessation
o growthy il five per cent was added, the chickensg lost weipht.
This ralgsd the guestlon as to whether the methionine had thils
action by inereassing the rate at whieh body protelins were brokan

doun.
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dxpariment 46 wae done to see 10 sethionine would increase
e rate that chilckens woulld loso welcht durlne fasting, In
this experisent 72 dipds wore equally dlastributed inte 10

%% 7Y ] P S, SRS S Y1 -y 9 % Lo, e 7 el b F 5 e i 3
groups, The averaze wol b of esozt bipd a2t the teginning of

2%
W

L]

the exnerisent wag B30 pracs. Lne day prior to besinning
Fasting gach bivd In slx of the groups recelved a galatin
eanmile with approxluabely 350 allllgreas of nethlonine; six
oLher Zroups were ziven an sgual smount of glutanmle aceld,
These blrds recelvaed the same awountsz of the anminoe aclde each
day as long ar thay vere mnrexg riwent, Cue sroup of birds
Troa each trzaiment waszs taken of { experiment at the dlffarent
times Indlcated In table 10, and the welght loss and blood
gsugar level was determmined, It ig apnarent from the results
that gilving the methdonine Lid not lnereasc the welisht loes,
Thers 1s & suggestion In the data thal givisg slutamic acid
decressaed the welgbt loss. Thoe blood sugar levels of hirde
fed elther of the amine acids are, in almost a1l cases, higher
than the blood susar levels of the fasted birde which 411 not
recelyve the samino acide. Thils waz ezpeelally true of the
blrds given mathionine before fasbine waa atarted, Thig
dilfTerence was not as great after 12 hours {usting.

& similar experiment, nusber W, was done in which birds
ware starved except Jor glucese, or zlucosz and methlonine,

or glucose snd plutamie aeld, Thirty-six birds,
with an average velght of 547 grams, were divided into three

aqaal zroups, and offered free choice of the uixtures listed

in tgblz 10, In thig ewxperiment the birds offered the lucose
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rrerizent 45 - Yo sluenne given
1 o feed
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2 350 mp., DLesmeihionine per day
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selight .1.&53 0 26 5
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3 350 mg. Leglubanlic acld ger A ‘
deight loss 0 F 91 5 71 - Re
flood sugar 179 192 185 17% 160~ 17%

Bxparinent %9 - Birds offered frae cholce of feed 1isted
1 Glucose (Cerelose)

dolzht loss ¢ - 3%

Blood sugar 205 = - -

2 95 Jlucose } 5% DLemethionine )
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3 9% Glucoss £ 59 Leglutamie geid
Uedoht Ioss 0 - kL - B - -
T2 ey e
Dleod sugar - - - - 215 - -
txmerinent 49 - A11 bipde gliven 20 o, Cerzloge per day

1 Clucoaesd )
dalght lozs 4 60 - 9% - 130 138

2 @laﬁagﬁ arvl 3%0 mge Dhemethionine par day
gieht loss 0 58 - gg - 1i2 119
mlgeﬁ asar - - - - - - 193

3 Glucese and 390 mg. Deszlutenic zeld por day .
walght lossg 0 87 - 99 - 1*‘ 130
Plﬁ@ﬁ ;%‘ wu%r - - - — ' * . 2 ("‘ﬂ“,,

#511 welgnt 288 arg given in srams,.
i*all blsﬁu gu ara are given In aillligre= per cent.
Hlood sample 1&3%.



arnyd methiionine lost more walcord than hirde offared only zlucose.

The differsnce le statlstlically highly siznificant, llowever,

. L R E A € s R A e S g g Kb, on sy,
tho methionine {fed ohicks conguned only L0 rerass of e Dl
ture durdng the tvo-day srrerizents Thono siven 2incose 20N
. 1 - Ead 4 L% ] s E
gumat 582 zrams of the glucose. hen the walshit losses in

mant are compnraed with thoss im oxperluent %6, it

that the birdz glven methionine utilized the smaller

amount of feed consumed more officiently. Theralores, experisent

%9 wan Jone in which the amount of glucose glven renalned

gonatant Tor all rrouns., The averasns welrshit of the 24 birds

{‘ifé

uge’ i fhis nerlvent wae 82% grarsg.  The amount of zlucose

®

glven, 20 grams, was intermaediate betwaen the mmounts which
had heen conaumed by the slucess and cluecose and methioning
fad - birds of exparizent 48, The zlucose yas forze fed ac a
Lo per cent solution in tws ecoual feedincs per Any, lethlonine
or gluntamie aeld waz added £o the solvutione as indlesnteds In
this experinont the birds siven mathlonine loet ol i Mleantly
leen weleht than birde ziven only zlucose., Thus it scems
annarent that the Incresse loss in welsht of birds offeres the
zlucose with methionine in ewperiment 48 was the result o the
salf restricted glueose intake,

In erneriment %2 both groups of birdes offered the amlno
aelds had higher blood sugar levels, after beinr on ithe
srrerinent for W hours, than birds olfered glucose. ihe
blood samrle, from the birds glven gluoccss only, in syseriment
%, was loot when tha test tubs coniaining it was broken,

Alood suzar levals of the two groups with the added amino aciéds



wors Digher than would De oxoectod 20Lor 10 bours Tanting,
nrthor atodlog sincle amino acidsg

“ollowing the findins that feelins wnine sclds Influenced
tira hleod sugar level, further stundies were ¢earriesc on W
dotermine what happens when niseln was omitied froo the dlets
with 2dded amine acida.

-

the first sxperinent ssesven arino acldsg ond twe hotoe

¥

in

L

acid analoruss were fed as ndditions to diet 113-% per cent
pelatin with and without added niacin. Ihe regults sre given
in table 11. In this owrerinent the action of sodium othyle
oralacetate was compared with aspartic azeid. The sodium
ethyloxalacetate depressed growih both wlth and without added
nigelin In the diet, Et iz beliesved that this depression was
not entirely a regult of tho presence of oxalacetice aeld, but
that the evbra godivr added may have been toxic. Thils awmount
of the material added over one per cent socdium to the diet,
for whiich there was no adjustoomt mede Iln the dlet. this salt,
no doubd, relses the pH of the dlet. Therelors no coumparison
cern be made wwith the setion of aspartic acid,

The vhenrlpyruvic acid depressed zrowth both in the
nraogence il absonce of added niacin. This growth denression,

-1 s . N ERTEE g A
velther case war ag graat ag with the zrouss of

.5'
7%
5
e
3
-
=

& ~ [ S . . \ ; K \ . s e ' X L 2
chicks Tad phenylsnlanine, arginine, 2lyeine, clutenic soil,
o ne . &8 o A e e S T VL S # R
alanine, and asvartic zeld 211 Jepreseed U2 srowth of ehiclks
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TABLL 31

Influence of individual amiro scids on blood sugar levels and
growth of c¢hicks fed diets with and wvithout added niacin

GROUP ADDITION T¢ DIET

RO,

WT. EFF, 74 @ D e' éct 1&@*

KO, AVE. rm) £t

;-.

¥0, 1138«%% OELATIN CHICKS DBA
grams

1 HNoene 12 2 191 W83 188
2 Hiaein 12 0 279 L6000 170
3 4R mlemle 6 161,369 215
L 4s 3 £ niacin 10 2 183 .,366 19h
g &% Dleaspartic awid 10 7 157 L3601 211
6 As 5 £ niacin 6 0 270 A7 199
7 ‘:ﬁiﬁmm"m 10 3 160 ,h32 195
8 Ais 7 £ niasin 10 1 178 69 193
9 4% DL-phenylalanine 10 1 126 .312 19
10 as 9 # nlacin 6 0 193 ,h02 200
11 »% Lesrginine HC1 10 5 119 L319 171
12 As 11 # niaean 6 0 333 .92 196
13 % glyeine 12 3 166 .saB 220
1% 48 13 # nisein A2 - L 302 .6 c19%
15 %% DL-slanine 12 3 160 .38 189
16 As 15 #niacin = 10 0 23h . .5 191
17 4% Dlelysfne ™ol 12 3 99° 2% 255
18 As 17 # niaoin 12 1 1s8 k22 188
19 4f L-glutanic actd 12~ 1° 187 393 196
20 As 19 £ nisein 10 0 295 555 217
21 %% gelatin 199

in

mms.gms :mr @m%
168

190

168 189 186

158
168
sty
181

165

148

196
146
187
166

146

195
188 .

176
160
i81
159

21%
29
251

232
23k

231

239

187



growth depreszion was entirely overcome with each amine
axcept alanine; lysine 'depressed growth when added to either
dist, These growih results are all essentially the ssne as
found in the earllier ¢xperiments. The nonfasted and fagted
blood sugar levels were determined on chickens of all groupsy
giucoge tolerance tesis were done on nine groups and the
results are also given in the table, The dloed filtirates
were stored for several days before the glucoss was deleruined,
ﬁuming this time four of the filtrates became cloudy due to
bacterial actiony no glucosme values are given for these four
sanples, The glusose levels found in this experiment will de
discussed later along with values Tound im other experiment

& group of chicks fed diet 113H was raised to compare
with the ether chicks of ‘this experiment in & glupose tolerance
test, Only ehicks vhich showed a marked growth reduetion
ag a result of being fed the niacin-deficient diet were selected
for use, These ah;&kk are iiatéd_a:“gﬁwup 21 in table 11,

In ancther axyérimant the growth depressing astions
of alanine and aspartic scld were compared with thelr ketow
aecld analogues using diet 1l1l3-% per cent gelatin with and
without added niacin, The sodium salt of the dlethylester of
oxaglacetie aclid was used in this experiment ss in the last
experiment, In this exzperiment all the sodium chloride and
sodium acid phosphate were omitted from the dlet of the chieks
to be fed the sodium ethyloxalacetate; the chloride and
phosphate were restored by adding ealelum chloride and extra
caleium phesphate and omlitting part of the calelum carbonate,.
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Sven with thig adlusitment the sedium lavel of the diel was in
gxcegs of that used in the basal dlet. This diet became very

rancld vithin two dayve alter oreparation, The resulis zre

',a

given in table 12, bui 1t is belleved that the chlcks fed
the sodliuwe etlhvyloxzalacetate sghould nobt be coopared with the
chicke fod aspartlic aoid,

In this exverinment pyruvic aeld deprossed growth of
chileaks even more than alasnine vhen added to the nlasein-low
diet; this was not in agreement with the results of lLendsrsoen
et al, ('47), who fed the sodiuz salt of pyruvie acid to rats,
recelving a nlacin-low diet, without any growth depression,
The depression noted hore was almost conpletely overcoune by
the sddition of coueln to the diet,

SZince ounltting niscin frozm the dlet in previocus experiments
had resulted in a decreased blood suger level, the fasting
Bleod suzar level of sach chiek of tnls exrerinent waz deterained
o find out 17 there wope any correlatlorn bebtween the prowth
rate and the blood sugar lovel of the ehick, Ihe sanples of
bleod were stored in a refrigerator for 3 days befors the
f3ltrates could be prepared. Suring this perlod the zed calls
settled and could not be resuspended unlformly in the plasha.
Therefors, cnly the plasnma was used in making the sugar
determinations., The valueg Tound are higher than for whole

3

to bes expecited since the plasma iz knowmn to

%1@%%, whion 1

Ead

contaln more of the sugar than the red gells,
e plagma eugsr levels of the chicks fad nlacln were,

with &t ree excevtions, between 100 and 210 milligrams ner cent,



TABLE 12
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Comparative effact on growth and bleed sugar level ol alanine
and agpartie asld and thelr ketoeacld anslogues

ADDITICH TC Dis¥
113N GELATIH

NO.

B R
SOTUES

aVie Wle

4 WKS.

FESD

LEF,

"y

FLadria DUGAR

LiVEL

10

Hons

Hlaeclin

e pyruvic acid
As 3 and nilacin
4% DL~alanine
As 5 ard niacin

6.3% Na ethyloxale
agetate ‘

Ag 7 and niaein
L7 DlL-aspartic acid

Ag 2 and niaecin

10
10

9
10

gramsg
221
277
177
25%
193

& oy e,
205

10%
Ly
195
332

mg par cent
178
163
147
189
184
200




There wag a groster warisation In the plagna sugar lovels of the
ehicks fod the niladin-low dlet, 1% of 27 chigks had plasax
sugar levels balow 180 milligrams ver cent. fhere 214 net
apvesr to be any definite relatior bebtween plasma suger level
and growih rate. Pleven of the 1% eohieka with the low »lasma
sugar levels were chilcks whose welghts were between 78 and 113
ner eant of thelr group mesn welghts 1ln other words, they were

the "averare® ohloksg,

“ffect of adding proteing and amino aaié mixtures o chick

. 2
SQAT

dlets lov 7 ont

I% had been noted that Lhoe odddition of zelatin to diet
1138-5 ver cant gelatin depressed prouth of chilsks zore than
the gddition of an ecual amount of zeln., This was obssrved
by Briges et al. (P46). It appeared that the growth denrossion
might be influenced by the amino geid econtent of the protein

other than the content eof tryntonhan, Gelatir

5

y zeln, and
gageln are guite different in thelr anino aclid conmposition.

In the next experiment acld-hydrolyzed gelatin, meln, and casein
ware Lo be coumpared In thelr growith-depressing astion when

sdded to chick diets low in nlasin. The proteins ware
hydrolyzed wlth oydrochloric seld on & steam bath for approxi-

=3

mabely 12 hours. ¥Hone of the protelng vere conmpletely hydrow

lyzed ot all zave s negative test for tryptophan. Iuring ©
hydrolysis, the gelatin and easeln turmed black. Lfter heating

for 12 hoursg, the nyﬁrmiygatng wers gongentrated to s thick
sgyrup on u steam bath, Sodium blcarbonate was added to noubtrale

1as one hall the aeld added,
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In preparing the rations, all the sodium chloride was ocmitted,
“The sodium added as dicarbonate wae eguivalent to that omitted
a8 the chloride wvhen the hydrolysate was added at a level
equivalent to five per cent of the protein, There is suifie
sient calelum carbonate in the mineral mixture teo moere than
neutralize tha remaining acid. $aff$a1an% sarbohydrate was
added to the protein hydrolysates to make them granular and

all were paszed through a sieve before deing ingurpersted in -
the diet,

The resalts of feeding the hrﬁrmlyaaﬁ graﬁains to aniﬁkx,
as compared with ﬁha—intaet Frﬁﬁﬂiﬁﬂg n&& gi#ma in tabls 13,
There wers two amino scld mixturesn a’sa fod in this experiment,
The first was a mixturs of ﬂ; _”'e, thrtaniaa (mixmd Lsomers),
glutemic aeiu, na§art&a aaia, g&gﬁina, snd glanine 15 the same
proportions they are foﬁna ma‘;g&atxﬁ; the second was a mixe
ture of lysine, tyraainay phnnyiaiaaina, aathiaaiﬁa, isoleucine,
and valine in the same proportions that they are found in
easein,

The chicks fed the aoid hydrolysed gelatin and easein did
not grow as well as the chioks fed the basal diet even with
added niacin, &vidently the hydrolysis resulted in changes in
the casein and galatin, other than splitting part of the
peptide linkages, which caused growth of the chicks to be
depressed. The additlon of the intact sein to the niacin-low
diet resulted in s growth depression mach greater than had
been noted before, and more then was produced by an egqual
amount of gelatin, It is believed that other factors, other
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ﬁ;w¢%a a'i? nzed were Learginine ill G.??, threonine (mixture)
e _;,,, ubanic acld 0,7 4’&{»* “”'&hu;} rhle acld ﬁ‘.tﬂl, ""1’%3’1 L& l‘?i“’
and *&»@ﬁ@ﬂiﬁe O.B2,

#=wamino aold used were zL-lfsim@ HOL 0,97, Letyrosine ﬁ‘év
Alenhisnylalenine 0,73, Dh-methionine 0,49, Ul-lzolsucing ﬁ.?&,
and Nlevnline 0,99,

than the 4iet fad, caused the poor growith noted with the chicks

The addition of the sluvcosenie amino zmeids te the nlacine
10w Alet resulted in a growbth denression whieh wazn rot noted in
the chicks Tad the samae dlet containing niacin. The ketogenic
nmine acid slyxbure denrsssed the crowih rate of the ehiscks vhen
added te dletz with or without niasein, In this experimsnt the
chicke fed the ketorenle amino acids galned more when niaecin

was onitted Trom the dlety the difference 1g not considered



signilicanty howevers.

The intact gelatin and the scid-hrirolyzed zeln caused
very 1itile growth depression when added to the niacin-low
breale The growth deprsssions found when most of the glucoe
genic amino acids or gelatin was added To the nilacin-low diet,
in this or ths two vrevious experiments, was not as grent as
had been observed Iin earlier axperdnments. Also in these
sxperizents the nlacinedeflciency sympitome, blacktongue, and
food cankers in the mouth, were rarely sean.
This sugrested that the oageln used in these experiments conie
tained more niacin than that used In esrliser experiments,

fisdne nitrogen and fasting blood sugar level were alszo
determined on all groups of chickssy a glucose tolerance test
was done on the last four groups. A4g was observed In a
previcus experiment, ths smino nitregen level of the chicks
wvas decresgsed by the additlon of elther five per cent pelatin,
or the amine acid mixture conbtalning arcinine to the basal
diet containing niacin. The amine nitro-en level was higher
when nlacin was onditted from each dist sxcept the basal diet
and the dlet with added zeln. The blood glucoss levels arve
dlzcuazed later.

In thoesge oxperlients the fasting bloed sugar level was
lower than normal vhon nlacln was omltted from the basal diet
or the diets with added glucegenie amine aclids. The chlceks
fed extra ketogenic amino asids umually had blood sugar levels
nigher than normal, ihiz suggzested the poselbility thatit the

denregainzg aetlon of the glucosenis amino acid on the bleood
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sugar level and growth rats of nisclo-deficlent chicksy might
be partly overcome by the addition of the keotogenlic amine uclds,.
rowever, when two per cent of a mixture of equal parts, of
Valliwe sysine, methlonine, and tyrosine was added to dlet
1137 with two per cent zlyeine, no incregsed growih wag Obe
tained. It seeme’ probsble, hovever, that a mixture of
keborenlie and glucogenic amine acids weuld not desres: growih
of chicks, when added fo the nlaclinelow diet, as much us an
ggual level of either slucogenic or ketogenic zunino zelds
along. This wae tested in the next sxperizent

Zince in the laet ezpesriventes there sesmed Lo be an
indlestion that the caseln was not as free of nizeln as is
needed te produce 2 marked deflclency, the caseln o be used

in fellewing experizent was washed with water. After washlng,

<

ne aaseln was dried in an incubator at 389C and passed through
a scoresen bafore being incorporated into the diet. Jince 1t wone
noaelble that washing ths caselin removed the vitanin By 4 present,
1% was declded to eliminate any possible deficlency of vitanin
E}g by ziving the vitamin to the cehicke fed the washed csgein,.
During the experdment each chiek recelved two injecticons of

T3 nicrograms of crystalline vitamin 2y, he chicks were
hatched from eggzes froxn hens which were beling Ted anlimal protein.
The varicus smlno acld sixtures used and the results obialne

are glven in table 19, The msan oo r-week wolghts of the chicks
Ped diet 113H-% per cent gelatin was only 121 grams. uring

the early part of ithe experlisent, the electrical heating element

uged to provide heat Tor this gsroup became deflective and the chicks



Zffecta on g?awﬁh rate of ﬁixtvvas of gluc

TABLE 1

anine aelide in 2 dist withoeut acaded nigcin

GRGUL ARDTTICE PO éiwi 11?A— P Wi
n0., 7 ASLATIE MOATALIVY B WhEu,
Zrams
lone 12 ‘%IB (20":) e &1
2 Nigein 10 1y 237 « 518
3 1% Learpinine HC1 £ 1%
vhesopartic acid £ 1% | |
zlyeine 15 13.3 13 W4l
L 1% Dlhewvaline iﬁl% DL
iscloucine £ 17 L-tyroszine 15 20,0 157 o 40O
S a8 3 and amino ageids of 4 19 6.7 127 -

‘k

&3 3 4 17 Lezlutamic acid
l% Dealasnine £ 1% Le
histidins ﬁﬂlﬁﬁg‘ iz

[l

66.7

experinent soms of the chicks were

1k, the actual mean welght of the chicks ig

Sasping.

is approximately vhat has been obitained in several previcus

experiments.

The addition of amino acids to the nlacgin-low dilet r

P
£ AL

7 As b £ 10 Dielysine HC1 f£
1% Dl-phenylalanine £
1% Dihemethionine 15 20.0 77 «251
8 4As 7 and nlacin 15 26,6 21 280
g 2% amwonlum chloride 10 10,0 129 J4Q7
10 4s 9 and niscin 8 o 169 3
were without heat fer z mawdsun of two daysy by the end of the

Tharelfore in table

given as 200, whlehn

Led



in marked growth depressicn. Jany of ths chickg showsd nlacin

2

deflcisney symptoms. hus 14 appearvs that wizhing the 2ozedin
the niacin present,

e 4

of thres gpluccgenic or three ketogunizs anino

A

acide to diet 113F-7 per cant gelatin reducad Yhe averass Toure
week welzht of tho ehicis to about 1IB5 zrire.  dhan slz 21000
penlie or six ketogenlc amino aclds wers added to thsz zame dlet

sog v

the averzze welght ol lour wesks, waz only aboudl 77 grass, If

fubs
W
‘13;;

netead a mlixture of three glueosenic asmine asclds and thres

ketorenic amine zelds are added, growth was depressed only

t’;,

O3

alightly more than with three glucogenic amlng aclus.

’ . & N TN G e W T R
cent moertsilty of these chiciis was very high,

hoWwaver, the pilgh mortallty rate was alsc nebted with chicks
fod (he gix plucozenic aming acids. The grovwith Jdepression
caused by the gix etoganie aming acldg was not overzoos: hy
the additlon of nlacin to the dlet.

In fhieg experinent twe per cent zmpondum chloride wag To
to ¢ghicks in diets with «nd without added eine.  “his gmount
ol ammonlun ohloride zdded about Lhe sane asount of nitro-an
as lour par cenlt serine., he aswvoniue ehlorids daprsssed growth
of chieks when alde’ to either dist,

Effect of ins:lin on growth rate and blood
suzar leovel o chloks

Ag ware glated In ths lltersture review, there wng a guegtion

a7 to whether the growth depression noted whon four ser cent of

s
E
s

ne »f the vlueorgenlc amino aclds was sdded to chick diets, was

o
in port due fto an “insulinelike™ action of the amine solds,
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In the next experiment chicks fed diet 113~% per eent gelatin
with and without added niacin, were compared with chioks fed
the same diet and r&eaiﬁing injections of protamine-zing
insuiine. In another experiment 1t was found that ene walt

of regalar insulin, injected subcutaneously into 907 gram
chickens, depressed the blood sugar level i¢ about one-half

of the normal level. In the chick experiment all chicks were
injected subeutanecusly with one<guarter unit ¢f protamine-
zine imsulin per bird per day for the first expsrimental week)
during the second experimental week this amount was dsﬁhied¢
All injlections were given about 00 4.M. The chicks used

in the experiment were sll fed dlet 113K¥-% per cent gelatin
for the first five days. A4t the end of thie period, 1% of the
largest and smallest chicke were discarded, and the remsining
L chicks were squally distributed imte four groups and fed the
diets indicated in table xg* The 1&§aeﬂH@3m of insulin and the
experimental period were skarts& twn days later.

The raaultz 1&&1@&%& that injeatiﬂu of iﬁgulln did not
depress grewﬁa iy more in . éhﬁﬁka fod &.%1&615n1$¥ dlet: than 1t
does in ohicke fed a diet with adequate niacin, sfter the
experiment was terminated, the chi¢ks wers fasted for six hours
and a blood sample was taken for sugar determination. 7This was
3C hours after the last insulin injeetion, Aagain the chiecks
fed the nigoin-low diet had a blood sugar level below those
given niacin in the diet, Howaver, ths chicks fed the niacine
low diet and injeoted dally with insulin had a normal blood
sugar level after six hours of ataer&iaaa Ho further
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InTlusnaee of Injecting ingulin on the growth and Tssting
Wlood sugsr lavel of ohilcks fed dlets with
snd without niscin

g 3

Ry BLOCD FIOAT LIVLL
Llﬁl“-ih‘ ST - A : T
Srens milligrams per cent

1130-57 gelatin dlet P2 157

113H-5% ggiaﬁin diet
irj@eﬁ@ﬁ with ineulin L3 189

113-57 melatin diet &3 182

11357 gelatin 4let
injected with Losulin 5¢

-
P

deterninations weres mede io determine how long this level was
maintained,

Chdekens fed the starting mash with five per cent of glycine,
plutanle acslid,y arginine, tyrosine, leucine, or aethionlne were
conparad with chickens fed only Liae starting mash, in order to
deteraine the Influence that injeciing regular insulin would have
on the blecd sugar level. The birds!' aversge welght was sbout
$00 grams. they were fed the varlous diets Tor flve lays, after

which thsy were fasted for 16 hours. & blood ssamsle was then
taken and regular Insulin was injected subcutaneously. e
awount of insulin Injected varled slighily with each euperiment,
but was aboub one unit of iunsulin per hir&. A3ditional blood

pr

sanples were taken 1, 2.9, and % hours after giving lnsulin.

P

ihus four sasples were iLaken Trom each bird, and the glucose



lavel in each sample was determined,

In the first experiment the blood glucose level of
chickens, which had previously been fed arginine, 4id not
decreage as puch ag ii”&iﬁ 1ﬁﬁh;¢k@ﬁﬁ;yrﬁviansiy fod the
gtarting mash, or tﬁe Qaéh'witﬁ méthiaaime. in a ssoond ex-
periment chiekens, wtieh had h&an gravigasly'fkd giyain&,
ineregsed tﬁ@im'hiﬁoﬁ tﬂgar lavel ifter. ragﬁla& ‘lheulin was
injected., Chickens previously fed glutamie acid or tyrosine
sed modarately deoreased bleod sugar levels after injeetion
of insuling leucine~fad chickens shewed a greater decrease
than any of the others. In a third experiment about 25 per cent
more insulin was injected than was injected in the gecond exe
periment., In this experiment chickens fed the starting mash,
or the szame mash with added leucine or glycine, all showed about
squal decrease in blood sugar level. The minimum levels reached
were betwesen L0 and 70 milligrams per cent,

The rezults of the three experiments were not consistant,
but there was some Indication in the first twov experiments that
the blood glucose level, of the chickens previcusly fed arginine
or glycine, was not deereased as much by insulin as that of
¢hicks previously fed leuecine or methionine.

Effect of certaln proteins and amino avid mixtures on
the grovih depression caused by feeding chicks high
levals of lysine or tyrosine
Throughout this work a growth depression has been noted
when certaln amino acidz were added at a level of four or five
per cent, to the Jdiets w!th adequats nigcin and pyridexin, In
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work in whieh lysine was added to the starting mash, zrowth
daid ﬁﬂt‘app@ar to be depressed as much az adding it to the
synthetie diet 113-% per cent zelatin. The starting =zash
contalng something which decreassed the growth depressing nte
tion of lysine, The idea that a balance between the various
amine aclds 18 recuired suggesied thst 1T the other amino

acids were bullt up around this high lysine level, the deprsssw

g

ing sction of lysine would bz decrsased. The data given in
toable 16 supprort this idea, Some of the data were gleansd
from experiments gr@éi@uﬁly montloned and come are from
axpnerinents done to study this effect, If lysine was zddsd
at a level of Tour per cent to Jiet 113-% per cent gelatin,
the rate of zailn of the chicks was only 20 to +5 per cent of
the rate of zain of chickes fed the same diet without lyains,
In experimente 50 and 51, three per cent lysine was added to
the diet, and the diet contalned three per cent liver mealy
the rate »f zaln of the lysine-fed chicks was 6% ner cent of
thoze net fad lysine. The addition of extra gelating or
galatin and corn, or gelatin and zein further increased the
rate of growth and the ratio of the growth of the lysineefed
chizke to the seowth of shiske fed the same diet without
lysine., Gelatin contains lysine but alse contains a high
level of arginine, which 1z submarginal in the five per cent
relatin dist, 4eln contalng no lygine smd corn only a
rolatively sanll amount of 4%,

In experinent 5%, the actlon of seven glucogenic amino

aeida, at levels egual to that Tound in Tive ner gent gelatin



TABLE 16

Amino acld balance and prowth depressing zetion of Jlelysine

¢ POt L o o s
NG.  AVELWT. RaZIO

(AT Y A e e T )
CGHLUT e CHICKS Y WKS, OF GAIN
graus

ixperinent 37 :
1 113-5% gelatin ] 232 Sl - -

2 Az )l £ 41 Dl-lvaine 7 77 «213 o207 - - -

Experiment %43 )
1 1313-5% gelatin 12 279 500 168 189 186

2 Az 1 4 4% DLelysine 11 138 JE52 L22 176 231 30k

sxperiment 50
1 113 9 332 +547 179 200 198

2 48 1 A 3% Dlelvsine 9 2483 <717 L8524 197 209 199

3 113 £ 3% 1llver meal d ) |
£ 25% corn 10 Wovs 579 192 206 200

b 45 3 £ 37 DLelysine 10 327 791 «525 198 202 222
Experiment 51 4

1 113-5% zelatin £ 35

liver 10 a7z « 88

A 1 A 3% Dhelysine 8 19 A0 311

113 £ 37 liver meal 9 350 o S

As 3 4 37 DL-lysine 10 251 w679 W32

Az 3 A4 5 zein 10 320 511

& 4s 5 £ 3% Di-lysine 8 272 2B JLob

% T ol ¥V v

Lxporizent 56 3 whge
1 48 5 in exp. 51 10 202 * 5713
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Tasnb 16
(continued)

Aminc acid balsnes and growvth depressing setlion of Ul-lysine

FOe AVRewnT. HAT
ShIoEs bowme, o5 Gagil

gramsg mg par cent
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ent 36 (contimued)
1 £ 3% Dhe-lysine 10 150

5% relatin £ 3%
liv%r ﬁﬁ&l A anmine

Y As 3 £ 3% Dl-lysine 8 174 o503 JHEO
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*Leirgzinine HC1 7, Lehistidine lUC1«HpD 1 ’ mixﬁur% of threonines
2y Leglutamic acld Jleaspartic acld &y glycine 11, and Ol
ai&nﬁﬁ@ 9 grams Der xilmgram of Feed,

sl Tive per cent sgeln, werso compared with the Intact vroteins
ae ta their abllity to overcose the growth depressing setion of
1vesine. During the lsst wesk the ehicks of group 1 gained only
about one-half as much welzhit as esxpected. This decrsased gain
durine the “eurth week avparently wasz net due to the diet fad,
“herefore, the sverape welzhis at the end of the third wesk are
presented. The ratlos of galn of the groups fed tre diets with
and without lysine are lower than waz noted in experiment 51.
Rxperinent 956 would indicate that these seven glucozenle amine
aglde are egual to the whole protelns in overcoming the growih
devreasicon produced wvhen thres per cant lysine is alded o the

dilet, J#ith only one experiment this equallty may be questionsd
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sinee no chicks were fod the diet without the addition of
extra gelabin and geln, and the ratlc of gain between chicks
fed lysine and thoge fed the same diet withcout lysine ias
lover than previously noted.

There are also indleations in the srevious dats that
the depresslon of growth, casused by bthe addlition ol tyrosiae
to the dist, is less with the ten per cent gelatin diet than
with the five ner cent gelatin diet.

in experiment 39, table 3, additlon o four per cent
tyrosine to the five per cent gelabln dlet, depressed the
growth of the chicks te ¥+ per cent of the growth of the chicks
fed the sane diet without tyrosgin®. In experiment 37, table kb,
the same amount of t¥rosine was a.ded to the 10 psr cent gelatin
dtlet and the growth of the chiaks waz Y3 per cent of the growth
of the chicke fed the sase diet wlthout tyrcaine.

A smummary of the effects ol feeding smino acids
on glucose metabolisy in the chick

In 3ll the gxveriments in Hhich the HYleood zlucose levels

&

woare determined, there have been conslztant chunges noted when
the anmine aclde were fed or niacin wag omltted from the diet,
In the course of the sztudles the fasting dloed zlucose lavels,
ol chickens fed the poultry deparimentts startving mash, have
bean determined in five experiments. he valuez found arve
172, 171, 171, 167, and 17% milligrass per eent., The blood
glucose values for chickensg, reported In the older litersture,

are nestly in exeess of 200 milllgrans per cent, Host of the
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ports give values between 170 asnd 190 milligrams per
cents The range of fasting blood glucose levels of the chicks
fed diet 113-5 per cent gelatin as determined in these experi.
ments, was from 160 to 168 milligrams per cent after 12 hours
fasting., For the chicks fed dlet 113 fasting levels from 158
to 179 milligrems per cent have been cbserved, Generally,
there seemse to be a slight inaraasa‘im the faatiag blood
gluecose 1ﬁvai as the per cant proteln in the dlet is increased,
The chicks fed the niacinelow basal diets vers observed
to have lower blocd glucose levels than those fed the same dlet
gontaining niacin, OUnly one exception has been noted, tabls
12, here tha value found for those ghicks fed the nlacin-low
basal diet 1s higher than usuval, The mean deorease in glueese
level resulting {rom the omiassion of miacin from the diet, in
gix experimente in which both diets were fed, is 10 milligrams
per cent., In each dlet, in which added glucogenlie arinoe aclds
have been fad, the blood glucose level has been lower if niaein
vwas omitted than it was if niacin wasz included in the diet, In
one experiment (see table 11) the chicks fad the niaainﬂl&w
dlet with added, arginine, alanine, or aspartie aseid had blood
sugar levels of 146, 1h6, and 1'% milligrame per cent, respecte
ively, However, the glucogeniec amino aelds, with one exveption,
alsinine, table 11, incressed the blood gluccse level when fed
in the diet with added niacin, This Includes an increased
plasma sugar level when alanine wae fed in another experiment,
table 12, -
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ne the betogenic awlne acids, methlonine, lysine,
phenylalanine, or the wirxturs of ketegenio weidne acide showm

in fable 13, were observed to lncrsase ithe blood sugsr level
wher added 4o dlet 113-% neor cont geloting elther with o
without nlacin. The chicehs feod tha 4ilebt with shenylpyruvie
aeid and nizelin (Lable 11) 7 Clow bleood glucose level.
Me bloend glueoas lavels deternineg before o
ghoyw the trendes which are noted after fasting.

The gziucoss tolerance tests have shown dilferences in
the zlucose mebabollar of the chilcks Ted the amino aclds
whieh dscrease prowth rate and those whieh inereszse the rate
of rrowth when gdded to dlet 112e® ner cent relatin, Five
rsluanse tolarance tests were dong on chickens previouzly fed
a high lewvel of methionine, aeh tlue these chickens did not
return thelr blond glveoss lovel toward norpal as well as
chickens Tfed the dlet without methlonine In one experiument
the blood glucosme lavel ware nirher 2,9 hours after gluecose
was given, than 1%t was after one hour,

Thickene previcusly fed four or five per cent lysine sleo
417 not peturn thelr blood gluccse levsel toward normal as well
as the chickens no’ fed lysine., In experlment 50, table 16,
one group of chickens fTed thres per cent lyaine returned thelr
blood gurar lewsl as well ag the chlekens which were not Ted
lvginey another groun Ted a2 different dilet and thress per cent
lvysine did note The mawimum glucose level noted with wmoet of
the chickens fed a nipgh level of lveine was lower than ncted

Wit ohilcks fed cocther aminoe acids.
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Two groups of chiocks previously fed four per cent phenyle
alanine failed to return their blood glucose level as well as
the chicks fed the basal diets (table 11),

In experiment 2 (table 13) the two groups of chicks fed
a mizture of ketogenice aminoe acids had higher bload glucose
levels three hours after being glven glucese than the twe
groups of chicks fed the glucogenic amino acid mixture.

Chickens fed a_high leval of arg

inine, glyeine or
leucine were also subjscted to glﬁgasa tolerance tests. The
leueine and glyeine fed chicks (table 8) did not return thelr
blood glucose lovel as well as the chicks whieh were not fed
any oxtra amino aecide, but the level was lower 150 minutes
after glusose was given then it was 60 minutes after giving
glncose, This was not found in the chickens fed methlenine or
lysine, | |

The chiecks fed glycine 1n d&§$A133§~5 per cent gelatin
{table 11), did not return there bloaﬁ glucose lavel as well
as 4id the ahi&ka»faﬁ the bamai &i&t, but’ the lavwl &aawanueé
during the 1&3% two hﬁﬂ?ﬂ‘- The same was true af the ohicks
fed arginine in Eh@ diat wi%haut ﬁlaﬁiﬁa fha shicks fed
glyeine in the diet withaut niacin returned thair blood sugar
285 well or hetter than the chiecks fed the basal diet. This,
in compariseon with the results with the phenylalanine or
lysine fed chicks in the same experiment, clearly indicates
that the impairment in abllity to reduce the blood glucose
level, follows the feeding of phenylalaning or lysine and is
not a characteristic of chlcks whose growth had been retarded.



In these glucose telerance tests, the blood glucose
level of the chicks fed the amineo acids was consistantly
higher, 60 mimmtes after the gluscse is given, than that of
the chicks fed the basal diets without the addition of excess
amine acids, This wvas true in the presence and absence of
added niacin snd with either ketogenle or gluesgenic amino
acids,



in the first experi ent in which [our per cent of wvarlous
anine seids were fed %o chicks in diet 113-5 per cent gelatin,

leks durding the fourewsek sxperimental
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parled varled rom 26¢ grams to almest nothing. Since then

these anine acids and others have been fed to chicks, using
the =zame basal dlet. In all the work there has bheen good
agreenent as to the Influence that the addition of a given
anino seid e the chieok diet will have on ihe growth rate of
the chieck, In these experiments 1t was noted that arpinine,.
glyeine, glutamie acld, and proline were the only anlno aolds,
which 47 added %o the chlck's diets contalning ample nlacin,
resulted in no srowth depression or an inersased growth rate
of ths ahlciis, However, 17 niscin was owmitted from the chilck

&

dlet, sach of these amino sclds depressed the rate of growth,

ot

Feeding a level of Tour per cent of z single amine acld obviously

»

ereated an amino dcid 1rhalance in the chich dlet, IZince 1t
ig known that zlucose could be formed fronm each of theze four
prming aclde 1t sugrgested that niscin mizht be concerned in cone
verting excesges o these anino aclds Inte gluccse. It was
rogsoned that i7 the cohiock could robt convert these excess

amine selds into gluecovss, thers would be a large excsss of th
ene aminoe acld in the tlesuse of the chieck, whieh was thought

1y

te be the cause of the growth depression., Umitting any other
vitamin, which has a role in the conwversion of those sxcegs
amine zceids to zlucose, should result in approxisately the sasnse

ehiclh growvih depression that was noted vhen nlacin wae omitted
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from the diet. A preliminary study, omitting several vitamins
individually from diet 113 with four per c¢ent zglycine added,
decreasing the level of pyridoxin of the dlet
Pyridoxal

cogngyme necded in transamina-

indicatasd thot

of the e¢hick resnlted in a decrsased zrowth rate.

is considere] to be nart of «

tdony and trarzasinaticn 1ls probably one ol the resctions

whiich would be needed Lo
Therefore, 15 other amino
a four per
to the pyridoxin-low chick
ghicks In a
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panneyr sinilar

Peure 2 i a sumnary

par cent of 17 amine aoids
Addets contalining adecuate

mosh of
doxinelow dliet The anino
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of zrowih
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lensth ol esach bar 1z

a bar which
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depression by its additlicn

not ohservel 1L there was
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of echicks resulting vhern each amine acld

t level, to the

reaches the vertlesl line indicates that the grow

with the saino aeld

adeguate

rates throonine

the amine acld o¥Cesz8S.

aclds vere added Individuslly, at

cant lovel, in order to determine 17 thelr additlon

diets would depress the srowih of

o Bhat noted with the nlacinelow

o

of gsven experiuents in which four

wers added, indlviduxlly, to chiek

W

niacln and pyridexing also

these have been added to the niacinelow and ths pyrie

aclds are llated in declining order

is added,
ihe

comniete chick dlet.

proporticnal to the mean chlck growthy

rth

the srowih

X

eqgualad
diet wlthout the amlino acid.
1y only threonine casused a growth

to the low-pyridoxin diet which was

syridoxin in the llat,
Hankes ot al, ('L48) in

o be

. "
work of

war Found the amino
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L-Arginine HC1 (G) l |

L-Leucine W e —
Glycine (G) !

DL-Aspartic Acid(G)

L-Glutamic Acid (G)

L-Proline (G) m

DL-Alanine (G) W
DL-Valine (G) m
L-Cystine (@) F—'
DL-Isoleucine (K)
L-Tyrosine (X) M
L-Histidine HC1 (G) M
DL-Phenylalanine (K) m

DL-Tryptophan E
DL-Lysine HC1  (K) E
DL-Methionine F
100 per cent
__ — P22

Complete diet Pyridoxin-low diet Niacin-low diet

Fig, 2 Summary of the effect on growth when individual amino
acids are added to the diet of chicks. The length of each bar
is proportional to the gain of the chicks fed four per cent of
the amino acid as a per cent of the gain of chicks fed the
same diet without the amino acid.



asild mainly reszongible for the srowth depresszion noted upon
the addition of acld hydrolyzed czseln to the diet, 4 growth

depresslion was notel upon the zddition of feur zer cent zlyeine

or leucineg to ths pyrldioxinelow diet 113, and this Jer sion
’

'“23
%

™

¥

g
nypridoxin level was Inersassd to &OQ

I%
£

micrograns par cont, This depresslon vas not noted when these
amine selde woere added to diet 113-% per vent gelatin, In this
work, decreasing the pyridoxin level o7 the basal dlet to 79
graug per cent decressed the chigh growth rate o about
the sgare exfent as onitilng the nlacin, Howevser, when the sluco-
senic amino acide were added to the pyridoxin-lew dlet =zome did
not depress srowih, while others depressed growth but not to
ar great an extent sz in the nlacin-low dlets sapeciaily note
arginine, siyeine, glutamlc scld, alanlney and cystine. Thus,
1t munt be gald that sither the chicks Jed thie low pyridoxin
ilet are able to Jlspose of the excesses of the amino asids,

or that the overeoming of the grovth depression, when nlacin
3

i

was alied Lo the niaelnelow ilet, is not dus Lo the abllity of

]

the ahick %o retaln a normal an’no acld balance in the tlssues
while an excegs of one anino acld 1= in the 2let. Two other
facts tend to Iadicste thol the lgiter is true., Jirst, the
level of zrginine and tryptophan in the blood of chicks Jed

tese amlne aclisy was hirher than in chlcks which wers not

Ted the smno zeldg, even 1 ads. uste nlaein
were in the diet. Sacond, pyruvie acid deprensed growih of
ghisks fed the nlgcinelow Jdeb to ag great an extent ag salanine,

This growih depression was alss overzo.e by the addition of
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niacin to the diet, Tha »

e
that the ingresse in growth noted with the addition of

the ghich Tor mors glyelre, The increased
reowtl whicoh wvas noted in these experisents when
was added Lo the Tive per cent gelatin diebt probably results
frorm g need for exira protein, I the amounts of the warlous
amine acldes in dlet 113+% per cent gelsal n are ealoulated,
only arginine 1s below the presertly accepted minloum reguire-
monts

in Tlgure 2 each zlucogenic amine acid iz indlicated by
the lebtier (3) following the name, and each ketogenic amino
acid Yas the letter (K) followine the nane. The listing
uzed here lg taven Trom Mitechelll's "Textbook ol Biochomistry®
{pe '#7). Tryptophan and methionine ars not listed. Irypto~
phan 1¢ usually concldersd to be ketopenic. Several list
valine as s kebtorpenle anine aclds The elassificsition of
methionine i doubtiul,

It 1s apparent Irom {flgure 2 thal keltozenie amine seldsn

depraess growth Lo & greater extent, under the conditions of

I

ﬁ
ia

se experiments, than the gluecsenlc amino aclds. Leucine

nistidine are the only twoe amino aclds which osre excepe

it

tions. The chick has a very low requlrement for nistidine,
The work of Almgulst and CGrau (Y4} indicotes that a level

of 0415 per cent of the diel is almost adeguate, snd 0,20 per

prt

o3

o8

s ig definltely adequate. In fesding lour per ceat histle

el

ine bebtyeen 10 and &0 tires as puch histidine is 28ded as iz
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required by the chick, This 1z obvicusly a greater lmbalance
than is caused by Teeding four per cont arglnine, plycine, or
laucine which i only thres to {our tlies tha normal Tequlre=
merite 4L 1o bellieved that L1 nlstldine waes added wiih o

gomparabnle Iznbalanee the growbh depression would o much less.

i

Caoitting niscin from Jiet eontalining four ner cent of

ae 11itle differencs in Lthe rate

%
f%;

a weltormsnlce am no acld cau
ol zaln of ths chicks, and the blood sugar level of ths chicks
Is not deergssed, I7 nincin is omitited Freow s diet with a
high level o7 2 glucogenle amino acld, thers 1z s Jdecrease
sugayr level and g marked decrease in growlth roto.
Sdince the Yetogenlc sminoe solds have glmdlar effTecte on

srowil and blood suger level, and mixtures of ketogenic anino
aclde have about the asane affects on the ehlck as a high lavel
of a single wetogenle amino acldy 1t i Deiieved that the kebow
genis amno zoids have =ope propsrity in conzon which influsnces
metabolism In the ohick, Thies property does not appsayr Lo be
relate’ Lo thely ability to fore ketone bodles., Leucine ig
usually consllered to bs ketogenle, but does not depress the
grouth rats of the chicks ag the other kebogenic aming asclise

Ihe anino aelds which apvear tc have this property are wveline,
isocleunine, Lyrosine, phenylalanine, tryptophan, lysins, and
methionine. Valine lg included in thles group beesuss 1t
behaves like the olher ketogenle anine acids whan adde’ to
chick dlets, and because of its stractural sloallsrity to
iacloueine and leuclre,

It le apparent also that the glucoegenic amino sclds have
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somne property in common which influences metabelisn In the
ehick, Purthermere, this doss net appezr to be related to
thelr relative ablility to ferm glucoss, Included in this

ol

s

group are arrinine, glyeine, aspartic acid, glutanmic

’
therecninegy proline, alwnine, cystine, and histidice, It

ig dirTicenlt to place leueine in eliler satagery on the buasls
of thiszs work.

Thaere wae 8 conelstant dincreage in blood amine nitrog
lovels of the chickes fad the diets with additional amine acids,
Thie was nobted with the additdlon of esach amine zeid except
metiilonine, lyslne, snd arglinlne., The chick fed ths diets
with methionine or lvaine galned very slowly and consumed very
1ittle feed, In thig case, it is believed that the low amino

nitroran level only rellecited the conditlon of tre birdz. the

ehdelrs Ted avgininey however, arew and abte wolle It was ala

the addition of five per cent gelatin to the dlet
decreased the blood amino nitrogsn level. In dlet 113-% per
cant galatin, srginine 1g the aminoe asid which 1limits the rate
of gain. Jelatin iz a rood source of arginline, which probably
expliaing the reason that the addition of gelatin hiaz the saue
action on blood smine nitrogen level ag arvinine, The addition
of eithar gelatin or arginire to dist 113-% ner cent galatin,

regults in a core rapld zaln of the chicke., 10

wu

 oarcinine, allowing wsore rapld growth

;i.e
¥
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would result in a grester utllizatlen of all the amine aclds
s CiMe raduce the guantity of aming ndtrogen 1o the Dlood.

The Aats 27 a0 ingdicats that the addition of nlacin o mosd
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of the nlageinelow diets allowed a greater srowth rats znd pro-
duced lower bleood amine nitregen levels. Charkey, wWilgus,
Fatton and Gassner ('5C) found that ths additdion of vitamin
815 to an allevegetableeprotein diet fed chlicks, resulted

in inereassd growth ratsg and o decreased blood level of the
geven amino aclds which were determined, 4All thig would ine
dicate that any alteration ol a diet, which would allow better
growkh of chicke, should alzo deereassz blood amino niltrogen
level, The faet that trere was no conplestant 4ilference in
the bleod amine nitrooen lsvel of the chicke fed the pyridoxine

low diste and those fed the diszts with sdeguats pyridoxin
i s

detrachg from thils relatlonzhip.
The results of the seven experinents which are sunmarized

in flzure 2, have ralsed soversl guestlonst 1, Why deoes the
omligglon o0 nlaecin, from the chiek diets econtalning o high level
of a2 plucogenic anino aecid, result In sueh a great grawt& e
nrogsion? 2. why 18 there sueh & great variation in ths growth
of ehicke fad the complete dilet wilith the addition of various
amino acids? 3, wWhy do the amino aclds, which are usually
clanse@f as ketosenle, depress growth of chicks more than the
eluzorsnic amino azclds? . what esn be ‘one to overcome the
prowth depressiconeg? I these questlone could be gnsvered come

pletely they, no doubt, would answer other questlonz about

proftein metabollen in the chicken, It is felt that the studles

e

raported in thlg thesls and related studles of others may

o

partly answer these questlonsz,; or at least suzgest reasons as

to why the offects were nobed,
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The proposal of Hankes et al. ('42), that the tryptophan
deficiency is accentuated by the addlition of smino acidz, which
are present in subopiimal levels in the basal dlet, could not
accowunt for the depregssion of growth of chicks noted in thege
ayvarimnents when egeh of the amino acids wae addsd 1o the niacine
low diet, It may, however, be a factor in the growih depression
eaunaged by Tesding arzinine in the placinelow diets It must be
pointed out that dn t eze experdinments the anlno aelds were added
at a level several times greater than was fed by lankesn et ala,
and the resulits wounld be expected to be diifTerent,

In this work the bloed sugar astudles suggsst why the
addlition of the glucozenic amino aneids deprese growth of c¢hicks
fed the nisecin<low dlet, Thege studies have indicated thot
the omlgsion of niacin from either five or ten ner cent gselatin
baanl dlets, resulted in a decrease of the blood sugar level,
This work 1z somewhat suprorted by the work of Landsuer (V3]
vwho found that niseln would prevent szsome of the teratopgenice
el fects of injecting insulin intec the incubsting egg, and also
by the work of Zwilling ('49), who found that nicotinamide re-
duzed the doration of thsz insulin-induced hyporlycemls of
the inecubating ege. fhese studles ranorted in this thesis
indicate that the hypoglycemia was most apvarent when niaein
was mmltted from chich dlets wiith added slucopenic amine acids,
“hese sazne smine acldey 11 added to the Jdiets with niaein
remiltad in an increased blood surar lsvel, (o the bagls of
srevicus work with ratg, this mizht have besen expected,

¥irakl, lozenbaum, Stein and Jerthoelmer (¥'38) found that rats



fed a 4let high in carbohydrates had more liver glycopen than
rats fed a2 high nrotelin dilet 1T the glvyeogen was determined
before fasting, lowever, 1f the rats wers fasted before the
liver glyeopen was determined, the protein-fed rats had a
greater gquantity of liver glycogen., Ouest (Y4l) confirmed
thlis zotlon of proteln snd also reporbted that there was no
ﬁ@&aﬁatrabia raelationshiyc between blood sugar lavel and liver
glycogern in fed pats. If the ralts were fasted, the blood
rar level varied directly with the logarithm of the percente.

age of liver gzlycogen. 7Todd, Barnes and Cunningham ('47)
reported that after 2% hours of fasting, rats whlch had pree
viougly been fead a dist contalning ten per esnt glveine for

8 hours had & higher level of liver glyeogen than rsts which
nad been Ted the same dlet without glyecine, Feeding 139 per
aont alanine had the zsme effect but %o a lesser evtent, Rats
Ted glutamle acld or leucine 414 not show the effeci.
Junningham, Barnes and Todd (*h2) reportec that after 13 hours
fastlires and % hours under the Influence ol insulin, rats pre-
fad o bagal dlet with 10 per cent glyeins had 2.9 times as
muah mueele glycogen, 10 times as much llver glycogsn, and a
blood sugar lavel 40 ailligrams per gent hlzher than rats
which had been prefed the bassl dlet. Todd and lalman ('he)
have since reported that rats simllarly treatsd have six times
ae much gxtra carbohydrate In thelr carcaszes alter elshit hours

4,

of fasgbting s can be accounted for by direct conversion of the

pxsese glycine fow! in the rat befors fasting. These workers

believe halt feadinc the exgess glyeine stimulates the genersl
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procesgses of glveonenzenesis, probably by inereasing advonal

cortliesl activity, hiz "nroteln =ffect™ wuis not noted in

i the studien repeorted here, tha sane affects in
fasting Blood suzar level have been noted with ohicks Ted

2

=lyaine, arginine, aspartise seld, alsnine, or plubanic aeld
st containing nizein, There was slse some Indicatien
that chickens fad extra srvginine or glyeine were not affected
as wueh by dnsulin as chicks net fed these amlne zolds. Therew
Pore, 1%t geems that this "proteln effsct® is apparsnt in the
chick as vell a2 the rat. This imzedlately raises the question
zg toe why thiszs "protelin o fset™ is nol nolted in chieks fed the
nigseln-ielficient dlet, It ls senerally belleved thst hormones

L)

by the adrenal cortex stimulate pluconecganesis,

-

georebed
This iz 2 property of the O,y stercids, which possess an oxygen
atom In the 11 nositiony of thess, 17-hydroxy-lledehydrocori-
Laosterone (Eﬁﬂ%&lifg aompound ) 1= the most active,

In the fasting experiments the blood susar level wus nalne
tained st 2 hizher level, even after 72 hours fasting, than
was noted sifter 12 hours fasting of the chicks fed arginine,
alanine, "N’" asnartis agld in the nilsoin-low dlet, Thiec suzpests
that the enioccrine eysiensg, whiech gontrel blood susar level A
the ehidcks fol the slucerenic amine aeclds in the niscinelow

dizt, Ao not funetion properly, possibly because of z deflclaney

o
e
e
G
1%

sporahion oF the hormonesz of the ndrenal corbtex which
A P Pk NN o5 . <k iy foyarnd o y
stlrnlats zluconecgensels, Handler and Jann (*%2) Tound that

the carenteral adeiniatration of shysicleorleal saline solutlon



73

to. dors widh hlackbtonsue resultzd in sllevistion of the
Aatiglency amdrome and srolonzet 1ife as mueh as 130 days.
A17 anlmple Tinslly succoumbed, This suggests that the zalt
mobabollan, which 1z alsgse under e influence of hormones of
the »drenal cortex, ls altered in a nlacin deificiency. Ihus,
there 1s an indieation that the normsl Tunotionding of ths
adrenal cortex 1l lopalred by the nlaeln deflclency, and that

5

§ the glu QF%ﬁic anine acids tende to

oy

fasding hich levels
anagravate the condliticon snd wmakes 1t more avnarant, “he
kotozeniec amlne soide apnarently do net influence the blood
surar leavel by oxaz2tly the same mechanisn ag Jo the glucow
gonic amine solds,

As far a= can be determined, there geems to be no gingle
properiy of ths amine aelds that eould account for 3ll the
diffarences in srowth denrsssions noted when the individusl
aznine aeids are added to diet 113-7 per cent gelatin,

It 1a apparent that the degree of lsbalance has its

effect, Within the rlucopenic amine aclde, four per cent

3

p

rrinine, or glyelrne, Tor whieh fhe normal requliremente are

1,2 and 1.0 per eent of the diet, respsctively, depress growth
less than the sase level of histidine or cystine, Jor whieh the
ehiack has & reculrezent of less than Cuv par cents In these
srnerinente 1t was found that Tour per cent lvaine depressed
erowth more than three per cent, and five per c¢ent methionine
dapreassed growth more than four per cent wethlonine.

Helr (*h7) found that the wlases level of arzinine,

hisgtidire, isoloucine, leucine, methionine, phenylalaninre,
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threonine, tyrogine, and wvaline rose when the corresponding
amino aceid was given by gavage to dogs. The methienine level
of the plasma tended to remaln high longer than the other
smino acids, It seems prabaﬁi& that the same would happen in
the experiments in whieh chigks were fed four per cent of the
various smine aclds. Thls was fﬁuﬁ§,§§ be true when arginine
or tryptsphau was fed. if the chick has the same diffioculty
in ram@ving the amaass mathtﬁaima frez the blaud, a8 the dog
was found to have, ‘the great extent to which methionine
depresses growth may be explalined. 1% seeus reasonable that
an excess of one aminoe asid 1n‘ﬁhe’§r¢t$xﬁ synthesizing centers
of the body would decrease the rate of protein synthesis,

Since it was found that feeding ammonium chloride depresged
the rate of growth of ohiecksg, it might be expected that the
degree by which an amine aeid depressed growth would be related
directly to its nitrogen content. No trend sush as this was
noted, hewever, in these experiments.

The glucose tolerance tests have revealed a rather signi-
fieant difference between the chicks fed arginine, glyeine, o
leucine and those fed methionine, lysine, or phenylalanine.

In each experiment in which a glucose tolerance test was done
on chieks fed arginine, glycine, or leucine, the chicke showed
8 lower blood sugar level three hours aflter, than they did one
heur after giving glucose. In some cases the three-hour values
were such aswuld be considered a normal fasting sugar level.
The shicks fed methlonine, lysine, or phenylalanine at a level
of four per cenit, scmstimes showed an inecrease in blood sugar
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and tThizd

hour. 4in no test waro the

hours aiter giving zlucosze ug low

were not fed These anino aclids. This
dalny in the return %o ithe noreal bleod suzer level 1z glso
vathologianl cornditions, namelys
bebtes mellitud, snd nerhritis, vhel causes
zh in the test iz nobt entircly
these axperiments the bRlecd surar level of the chicke

ide were found to hs higher than

ang sonasune less fesd, Thise
mrerantz thiat foeding evaesser of the kebogenic amino aelids

savnsg an exasssive convarslon of proteln to gluccsgse, and may
be g f2otor in the growth depressicr noted whan high levele of
acide avre fed,

whinh the influence of pethionine on

,
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not esuse starved birde to loze welsht any
zoerizent 3, the birdz offered metidonine and
iore waleht, even though thelr bleod supgar level

s bhe ohioke whieh were not fed aninoe acids,

Pat tho breskdown of body wvrotein in the chicke

Flucoss mors nearly approaches the rate

ol breakdows note’ during o cconlete Tast, It e anparent
from gyropericent 49 that the zrsater weizht loas of the ehlckens

of metlionive in exporimert B, was due 1o the low feed con-

sunpilion, Whether or not this 1z due to the meihionine being
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wnpalatabhle or to smme'ethﬁr factor 1is not known, 7The sneller
veirht lose of the birds piven methionine in experiment 49,
indicates tha? the metabolie rate of these birds lg decreased,
Brown ('49) found that rats fed & dilet with 4,8 per cent
methionine had slipghtly enlarged thyroids.

In most of the studies the effacie noted were the regmita
of the addition of a eingle aminc acld at a level of three,
faur,,@r five per eant. Im these studles the glucogenic amineo
aclds have exhibited sumewhat similar sctions, and the same
can be said of the ketogenic amino acids. These actions,
however, arve not &a@eﬁﬁ@aﬁ on the high level of a sinzgle amino
acid, The results given in tabhles 13 and 14 indicate that the
anine acld miztures used have essentially the same effamcts.

In the last experiment six glucogenic amino aclds, at a level
of one psr cent each, caused a greater growth depression than
three glucogonlo amino agids or than hadé deen n@ﬁeﬁ sariier
vhen four per cant of any one amino a¢id . was sdded to the same
dlet. The ketogenic amine acid mixtures also depressed the
growth rateg of the ohicks upon addition to dlete with or withe
out added miscin, This astion s sluilar to that whieh vas
nct@é wﬁan Tour per eaﬁt of a'singxa ketogenic amine aclid ig
added to the diet. - The fast that the ketogenic and glucogenie
amino acid mixturss have the same actions as the individual
aminoe seids 1g the best evidence that the amino aclds of each
group have zore common additive preperty which influsnces
metabolism in the chlck, It is belleved that there is a vari-
ation in the amount of these propertiss whieh sach glucogenis




and sach ketogenlc anine acid possessz. It was suggested that
one common action of the glucopenic smino acids wag an insuline
like astion. 3Since injectlon of insulin 4id not have the sams
affect on chicks fed the nlacinelow diot as Teeding the gluco-
genlc amino selds, 1t iz doubtful that the growth depression
observed when these anine acids are fed, iz due te an insuline
like action.

The fact that addition of kebtogenie anine aclids %o the
diet increased blood sugar level suggesied that thelr addition,
to the nlacin-low dlets with exgesses of glucogenle smino acids,
may have a benellclal effect, Howevery vhen this was trled,
no benellclal effect on growth rate was noted., ovidently
thege opposling of fects on the Llood sugar level vhilch usre
obssrved are not s result of opposging effects whleh these two
groups of amlno acide have on a specliiie reasction.

While the addition of ketogenie amino aclds does not
overcons the growth-dapreseing action of glucogenice azino acids
in niacinelow diets, it le apparent from the results glven in
tabls 14, that a m . xture of glucogenle and ketogenic amino
aclds 2o not depress growth as much ag an equel leval of
elther group alone, There is sdditionsgl support for this fsct
in table 13. The mixture of glucogenic amino asoidg, in the
gama ratic that they are Tound in gelatin and fod at = level
el five per cent, depressed growbth move than five per cent
gelatin, Thus, 1t iz apparent that the degree by which gzrowth
of ohiaks 1z depressed when certaln proteins are sddedl to
nlaein-low distsg, depends net only on thelr relatlve lack of

tryptophan, but also upon the balance bebween the glucogenie



83

and katogenic amino acids. Briges et al, ('46) found that
gelatin wagz about three times as sctlve as zein in depressing
the growth rate Qf‘?ﬁﬂﬂg ericks when added to a niscineiow
diet. By using the amine acld composition of gelatin and

zeln, zs gilven by Block and Belling ('45), 1t is found that
the glucogenic amine acids constitute £5.1 per cent of gelstin,
and 50,3 ner cent of zein., In caleulating these values, the
leucine content was included in the ketogenic total., Thus,

it zeams probable that one reason that gelatin depresses growth
of chisks more than zein ls baeause of its higher content of
slucoranic amino aclids,

In poth ewxperizents, in which mixtures of ketogznic amino
aclds were [fed, growth of the chickse was depressed even 1f
sufficlient nizeln waeg added bo the diet, Ihe most gignifiaaﬁt
results are given in table 13, zroup 18. The mixture contained
six ketogenle amine aclids in approxizately the same ratic that
they are found in caselin, ifteen per cent easein would have
sdded the same amount of thess amino acldeg to the diet, In
an earlier experiment, the addlition of elther 12 or 22 per
cent cageln o a sicllar dlet incressed the growth rate.
Therefore 1t 18 apparent that for mexdlmun growth, chickens not
only regulre the propesr level of each eszzential amino acid,
but also a balance hetween the glucogenic and betogenic anino
aclde. It ig eclear from this work that an oversupply of
ketogenic amino acids depresases the growth rate of chicks. An
oversuprly of the glucogenic amino aclde does not appear to

affect growith as mueh unlegs the diet i1g defleient in nlaeln,



Gf the ten anine uselds whiah are gonsidered sbsolutely

esvertial Topr chicks, seven are bestopenics Jthe t entative

requirsmente fopr thene severn kelogenle amino anelds total

cor genty the pegdrooents fop the three sluocogenic

£
-

aninn salde Yotal 1,97 per cent., If plyclne, cystine, and

tvrceine are added to this 1ist, the totals azvre 5.9% per
gent for tve ketogenic aninge scids, and 3e¢31% for the pluco-
genic amine zclds, Host of the nou-sszantial anmine aells

ars luecogenle, It would be expected thwt 17 & dlet mode

which zorntzined only the sgsentisl andnoe aclide in this ratio,

there would be zn excess of the weltogenic amlne selds. Luckey,

{

Moore, Ilvehjem and Hart (Y47} have fed a diet in which the
protedn war aunclied by the ten escential amine aclas and oly-
eine. Twenity per cent of the dlet wae kelogenle amino aelds
and nine per ¢cent of the dlet was glucogpenic amino acids, Two
other anmince acl’ mixtures were fed which contained some of the
noneasgentisl amine aclis. The ketogenic anino azoldes consti-
tuted less than one-half of the protein of thesze two diets,.
Hone of the chicks fed the amine zeld mixtures szalned welzht
=8t as ohicks Tad a dlet in which cassin, arginine, clycine,
and cvatine provided the srotein. The chicke fed the diet with
only the gasentlal andnoe aeide did not gain as much as the
chicke fed diets which contained the nonegssential amino aclds

Sroh

‘;{x

also, It scoems

e

:Dle that one renson why the chleks fed
non-gasentlal amine aeids galned more, was because there wasg
a hetter balance belwesn the glucogenic and ketogenle amino

el

g
et
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There are indicstions that this balance hetwsen the zlucoe-
eenic and ketogenle amine aelds iz fuportant in rals and mice.
The esmentlal smine solds required by ruls apnd zice are slso
mostly ketomenic, Haddy gnd ilvebilem (Y49) have fed 90 differe
ert combinations of anine aclds to wmice dome of these were

ations whiceh contained mm}y gasential axrine acida, They found
that 2 ration with 7,2 per cent escentizl amine acids sroduced

praater rate of galn than a diet with 6,7 per cant sasantial

pee)

anine acldsg. Glyoine and glulanic acid Increased zrowilh rates
when added to a dlet contalining 5.0 per cent of the esrentlsl
amine aclids, The growith rate of the zlee inerease’l ng the
level of glutamlc acid in ths diei was Inereased up to 1l.0
par cent.

Ramasarma, fenderson, and Slvehjiem (ThE) fed rats dlets
containing only egsentisl amine aclde and glutamic z2cid., &
decreage In growih rate of the rats wae noted whoen The lsvels
of sesentisl anine aclds were increugsed Trom %.2 ser cent to

7.7 or 11,4 per eent with eorresponding decrenses in gzlutamice

The iwportance of amino sceld balancs
shown 1n the lysine asxperiments, the resulitg of which are glven
in table 16, The growth depression notel when lysine was added

to the dlet wag rzocevwhal overcors by the additlion of gelatin,

A4

corn, or zeln to the dlet, Gelailn sontainsg lysine but alzo
contaling o comparstively high level of arginine, which 1s low
In the five per cent gelailn dleb, Jein has no lysine, and

. + 3 o
Lhe protein of com

.

ig Jow in lyeine, ihus 1t appears that

“he increansed growih rate, noted vwhon thess onrotelns wers

e
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included in the dist, is due to the fact that the level of
cther aminoe aclidz are Dulliteun around the nigh lyeins level
which provides a bebtter anino aeild balance. This work is
related to tha report by Gran (*h8) who found that increasing
the 2ietary protein level Increased the lysine requirement.
The growth depression produced by the addition of {yrosine to
the dlet was alseo inereagsed by the additiong of ether amino
aclde to the dlet.

sddition of srginine inereased slightly the rate of gain
of the chicks Ted three per cent methionine, Bvidently it is
mora di7fieult to overcome the growth depressions caused hy
feeding high levels of methionine. In experiment 40 arzinine
or gelatin had very 1little effect on the growth depreszion

noted when three per cent methionine waz added to the diet.
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Chicks were fed 17 different amino aeclds, individually,
a2t & lavel of four per cent in a diet whieh contained 13 per
eont caseln, % par eent relatin, and .3 per cent Dl-methlonine.
arginine, leuelne, glyeins, asspartle acid, glutsmie scld, and
threonine incresxsed the rate of chick srowith when added to this
diet. Frolline and alanine caused a slizght deersase in growth
rate, The following smine anids decreassd the growth rates
valingy cystine, lsoleuclne, tyrosine, histidine, phenylalanine,
trﬁg%&y&aﬁ, iysina, and methiondne. The amine solds are listed

in descending order of the growih which resulted when cach was

fi-&"

dded o a ohick diet 21t o lavel of four per cent. It is
gpparant thalt the ketogenic amine wclids, except leucine, depress
spowth to g greater extent than most of the sluccgenie amine
acids., wWhen nlacin was omitted from the diet, the addltion of
any asino seild depresgesed rrowbh, When pyridoxin was omitted
from the dlet only s mixture of allothreonine and threonine
sanged a prowth depression which could he overcome by the addi-
tion of pyridoxin to the 4let, Thug 1% seens that nizein must
have an important role In metabolism in the chick when the

diet containg high levale of ziucogenic amine acidg. It wase
firet thought that this role was in the conversion of the ex-
cess plucopenic amino aclds to compounds which are normslly
produesd in carbohydirate metobolliam. towsver, 10 pyridoxin
haz a role In transaninatlon, it should alsc be needed %o ald
in the disposal of the excess anino aclds, However, when the

chilek dists contained n high level of glueogenlce amino gelds,
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cmitting nizein caused s greater growth depression thuan deeresag-
Ang the pyridoxin level, Two othar obaarvatlons iMkiW“%@ that
the bhenefieial offect of nlaoin iz not entirely & result of an
increase in the 2hility of the chizk bo mpintsin z normel anmine
acid balance in the tlssues., lrst, chicks fed trypilophan or

anino acid in the bleood than chicuks

B

arzinine had more of the
which were neot fed the amine ndld, even though, there was adow
guate niacin and prridoxin in the dlet. Second, pyruvic acid
was found to have s sinllar aotion to that which was noted
wher alanine was added o the diet,

Blood amine nitrozen, nonprofelin nitrozen, and glucose
levels were determined in the chicks of several experinents,
The noaprotein nitrogen level was Increassed by the addliticon of
most anine aclde fo ths dlet, The amino nitrozen levsel also
wae Inereaged by the sddftion ol esch amino acld except argine
ine, lysine, asnd methlonine. The Jdecrease noted vhen nethioh
ine and lyaine were fed 1s balleved to be dus to low {eed
consuaption by the chickse. arginine lg econtained in the
bazal diet In » level which 1z below thut nesded For maximum
crowth. It 1z belleved ‘hat feeding arginine decrsaged the
blocd amino nitrogen level by ecauneging =2 nore efficisnt

utilization tha nrotein, Leower blood amino nltrozen levels

0

were found irn chicks fed Jdiets containing nlaecin than were

I

Pound in chicks Ped the game Jlel wlthout nizcin.

u‘?

The fagting blood sugar level wsg incressed by the addi-
tion of any anine acld sztudied Lo a diet contalining niselin.

The Inereagsd Tasting dblood supar level haas besn noted before
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in rats after feading high levels of eascin or glyelne, and
hag been termed "protein effect”™, I nlacin was ouitted Irom
the bosal dlet, or a dlet to which 3 high level of & gluco-
renic amine aoild had been added, the fastine blood suzar level
wae degreassed, Tt iz smuggested that feeding one of the glucoe
rponic amine solda stlmulates rluconeopeneslis by causing the
zdrenal ecortex to seerete mors of the hormones which stimalate
this nrocess, HSince the Tastine bleod supar level iz decreased
when nizcin 1g omitted frow the chick diets contalning a
ik lavel of a zlucogenic amine zeld, it is belisved that the
gecration of hormones from the asireasl cortex which gtimulate
silncornensengais ig hindered by the nlacin deficlency. Lecrg-
tione of other hormones b the gdrensl coeritex may z2lso be
hindered by ths deficlsnoy.

The addition of the ketopenle amine aclidsg to the diet
depreszed provwth rate even when the dlet contalned adeguate
niacin, hen chlekens which had been fed a high level of
methlonine, lysine, phenvialmnine, or a mixture of glx keto-
zendo smine zelts were asublected to a clucose tolerance test,
thaey were unabls to return thelr blool gugar level toward

rnornal ae Tast zg ehilcks Whilch had heen fad the gane dlst wlthe

s

cut added amine acide, or with glyelns, lsucine, or arginine
added, It ic helieved that feedineg hizh levels of most keltow
renle amine aclds results In excessive conversion of #luco-
cenic amine acides to glucose, The Feed consumption of the

ghicks fad the ketozenle amine acids 1z low,.
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Effects sinmllar to those noted whan a single Letogenis
amine soid was sdded to the chick diet, were observed when a
mizture of ketogenie gmino acids wag: :z.é_mm to the diet,
Glucogenic amine sﬂ&é'@ixﬁur@ﬁ also hﬁﬁ an actlion glwmilar to
sirgle glucogenic smime scids, Thus it is apparent. that the
kstogenic aﬁiﬁﬁiaaia%’ﬁsla gﬁ»ﬁ?; anﬁttﬁﬁggiaﬁagaaia'a%£§m
acids as a gwuag; gaah have a common aégitivw influence on the
chicken, B -

It was observed that the growth depression produced, whem
amino acid mirtures were sdded to niscinelow chick diets, is
not ag great 1f the mixture contalins both glucogenie and ketow
genic amine acids as it g if the mixture gcontalnz only gluco-
genie or ketogenic :amine seids, The ketogenis amine aeld mix.
tures depress growth even when the diet econtalns adequate niaoin,
The chick seemg to be very ssngitive to dietary excesses of
ketogenie amine poids, Apparently for sawmiaus growth rate they
reculre not gﬁly sn adequate level of each essential amine
acid, but alsc & balance between the gluecogeniec and ketogenic
amino scids,

It was found that the growth depressing action of lysins
and tyrosine could be somewhat overcome by the addition of
proteine whieh would bulld up the level of other amino acids
around the high lysine or tyrosine level.,  This is further evi
no aclds needad
growth rate of the ehick, depends on the levels of
other amine aclds in the dilet,

dence that the amount ¢f any of the essential am

fbr i X 3. B
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APPURDLK

Zffect of adding four per cent glyeine to chick dlete
containing various levals of nyridoxin

T IeT 113 b B iw}:z,w,t _—_—
ROUP AR M R P Y :
E’{{}t %’g{}' i*‘v'ﬁt s A %EQQ “V&- v“;?o
— GHICKS e HES, SHICKS fy WES,.
micrograns & grans Erans

o 8/ - 1 47
2 50 9 142 6
3 75 7 209 5 130
Y 100 1l 228 1C 228
150 11 306 10 266
300 11 310 11 0%
&00 11 292 1l 238

Diet 113-57 zgelatin  Diet 113-54 gelatin #
4% glyeine
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9 0
1c 75
11 100
12 150 192 10 270
13 300 10 209 9 290
14 600 10 213 9 293
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*ihumber of chicks at the terminetion of the experiment is
given, At the start of the expsrizents sach of the Tirst
seven groups contalned 11 chicksy each of the last geven
groups coniained 10 chicks.



