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ImomeTIE

Earlier Lnvestigations of the shility of the animal body to
comvert axine acide to carbolynirate were pursued by eduindotering the
amino eoid in mestion, by iteslf, either to starving normal enimals,
%o pilorisinised animls, or to dlsbotie animels, If this trectment
resultod in & dixdmtion of the kwtonemia end ketomurla of starving
amisals or in an irercase in the glucose casvotion of phlorisinised
ar diabetic animals, the amino scld given was considered $o have beem
comwerted into carboipdrate, This interpretation was undoubtedly
coarrect for the conditions under which eush experimonts were cone
docted, Soveral years ago, howewver, iwvestigations were undertaben
in de laboratory which approachod this preblem from o scemewhat
different standpoint, in thoss asperimmnte, e effeot of individual
axino acids, fed as part of an otherwise complete diet, upon the
carbolydrato stores of rate following a fast, wes stodled, By cating
the anino seld as part of his diot, not only wes the animel ix a
difforent physiclogleal state when be received tho amino acid, but
he alse ingegted a considerably largor dose than that given in the
other type of studles, It was found(l) that rate fod for o days
on a died comtaining 10 to 15 per cemt glyvine showed liver glyoogen
levels omecding one per cent after s 2k hour fast while the livers
of rete pairefod op 2 diet simfiar in composition awept for the
replacemsnt of glyeine by an egual weight of carbolgnirate had glyooe
gen contents of about 0,3 per cent aftor the fest, 4 fow other
amino acids wers studied in o siuiler manmor and it was found that
leloucine and leglutasic acid failed to prodece such a ploture,



while dl-alanine wmrted only a slight affect on carbalgdrate
Iooarvue,

ekt and assosiates(2), whose work hes boen confimmed by Guest(3)
and by lewburgher and Browp(l), bed demomstreted some years emficr
h&awymmmt,uwmqhs@mu
dlot, had a simdlar effect upom glycogen stores after @ fast, They
donemetrated further, thet animals prefod high protein diets, when
 subjestod to strenses other than fagting, maintained and regained
glyeogen stores nore efficieontly than did animais prefod a high
carbohydrate dlet, These warksrs designated this phewomonon as the
*protein offect®, & term which has boen adoptod to indicate & somoe
whet similar action of glyeime(l), It had slse been domongtrated by
irekd ot al.(?) tnt the Yprotein effect” could not be elieited in
adrenaloctomlsed animls, Likewise, Podd, Barmos, end Cunminghen{d)
found the *protein effest® of glycine to be abulishod by adrensle
echoryy, indiecading that the enhancenent of carbalipdrate stores chottw
ved as & result of glyvine fooding may be mediatod by the adremal
glanda,

investigations of the effects of other amine ssids fed in this
way were then sbandened in favor of fuwrther ingiry into the mechaniss
of the ®protein effect® of glyoime, Cbservations such as those made
up to this point could be explained om the basis of increaged glycos
genesis, dovroased glycogomolysis, or 4 combination of the teu, but
the dats then available offered no clue as to the mechanism involved,
In an attempt to clarify this pieture, the vesotion of animals prefed
diots containing sdded glyvine to a differemt type of stress was studied,
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A large dose of ingulin (12 units per kdlogrem) was the stress choven(S),
The animals were fasted for 8 hours prier to insulin aduinistration '
and after snother 5 hours they wero sserificed, Ulysine-fed animals
were found to have 2,5 times as mch mecle glyoogen, more than 10
times ag much liver glycogen, and a considerebly smaller doclime in
blood sugar than did coniwolefod anlmals, The notably higher blood
sugae levals of glyeine=fed animels after insulin ruled ocut deoressed
slycogenclysis as an explanation for the improved carboiydrate reserves
previously noted, Purthornare, this cheervation, compled with the
imoreased glyvogen stoves noted in glyeinswfed animals, supported the
theory of increased glycogenssis, The latber coneept alse gained
strongth fros the chesrvation thet glycinowfod animals after an §
hour fast and before the administration of insulin, exhibited notiseably
higher blood sugar levels than did eontrclefod animals even though
e latter had received & dist richor in carbolpdrate,

The feet that the *protein effcet” canmet be elicited in adrensle
ertonised animals, combinod with tho wellerocoguised affests of the
adrenal cortex upon cerbohydrate metabolism, led %o ihe hypothosis
that the increased glyvogenesie cbserved following glycine foeding
resulted fron & stimdation of adrenal cartical setivity. Supposing
for the moment thot adremal corticsal sotivity wore emshanced, did this
imereaged supply of hormones act enly wpom glyvime stored in the body
Guring the foeding period or was same of the extre carbolydrate foumd
durivod from scuress other them glyeine? To answer this question,
imvostigations inte the oxtond of body storage of glycine were carried



out with a view $o determining whother or not rats could retain
enough glyeine, free or oombined, during the feeding period te socound
for the extrs carbolydrate found after the action of insulin or after
& 2l hour fast, It was found(®) that glyuine wes not stoved to any
great extent in any of the tiosuee studied, Galeulaticns were made
which indicated that glyvine<fed rate had in their bodies, after an 8
hour fast and 5 hours inpulin eetion, abous 6 times the amownt of
extra carbolyndrate that could be sccounted for by the carbon te
carbon converalon to esrbolgnirate of the emsess glycime present befare
the administration of insulin, Sueh remltes lont furthor suppert
to the theary of inereased glycogencsis as & result of glyeins feede
ing, et offered no further clue as to the meehanisn invelved,
Invertigations of other motabelic offocts of glycine feeding
for the purpose of comparing them with the metsbolie effects of adrenal
eartical extract or adrenccorticotrephic hormone were delayed by the
lack of suitable motabolism cages, & cage wag eventuslly designed
which fulfilled the reguiressnts, Its use prevents the contaminatien
of cxereta with food, allows forr the collection of foed spilled
duping the day, and afferds a good poparation of urine and feces,
With sush cugos available it was possible %o iniliate studies of the
urinary omeretions of various subslamoos by apimels fed the experimenw
The literature of the past ten or fifteen years sbounds in
reports on the effects of adrenal cortical extract, adrenal cortieal
stercids, and adrenceerticotrophic hormoeno (ACTRH) uptn the excreticm



of varicus wrinayy constituents, In 1933, Long and Dohan(7) yeported
that sdrenal cortical sxtract inocreagsed the wrinery nitrogen and glugoss
cutputs of adrenaleetomdzed-depencreatised cote end doge and of
hypophysestoul sededeperorestived cabs, Long, Kstain, and Fryk8)
ebtained similar rosulis using hypoplywectomisede=depancreatized rats
and extended the work to include normal rate, in which increases in
urinary nitrogen and liver giyeogen following the administraticn of
adrenal cortlcal extract were demomstrated, In addition %o adremal
cortical extraoot, tho effseta of several stereld ccmpomnds were studied
by this group, It was discovered that cortical stercids having au
cxygen aton atbached to carben 11 of the stercid muclous hod the pro-
porty of ineressing ihe glycosuria of dopancreatized and adrenslectomdstde
depanereatised animals, while desayserticosterone (heving me oxygen
atom on carben 11), slthough potent in maintaining the 1ife of adrenale
ectomized animais, had essentially no effeet on the ;lysceuris of
such aninals, This was the first coeervation of such 2 differense

in the phywiclogical actions of the two Yypes of compound, Shorély
afterward, Lowis ot al.(?) denmnstrated increased glucose and nitwogen
axretions in both normal and adremalectomlzed philerisinized ratls
following troatment with adrenal vortical extrest, The stearocid
compound ) 7<hydroagymll-dehydrocorticosterme {nuw nown a8 cortisons )
produced a sizdlay pleture in sueh animels while desagyoerticosterons
falled to induce such changes, Som &fter this Ingle and Thorn(10)
cbsarved the complete failure of 1l-dosuxyoartiesutercne to induce
clycosuria and bo imcresse nitrogen exerotion in partially



dopenervatised and adrenslectonisod-partially depunorentised rats
widle 17=lydrogyell-dehydrocoriicosterone produced marked rises in
both, e effocte of thoss tao stercids upon phosphores axeretion
were also investigated, BDoth incressed the exerction of inorganic
phosphats in the urine, but the incresse regulbing from 17=lydroxy=
Ll~dohydrovortioceterons wop far more striking, Tiwua, Ingle and
Thorn sonfimuod the previcus chservations of Long ot al.'?? ana
Lowtn ot 01.?) and enphasised the striking difforences in the plysioe
logioal sctions of the twe types of cospound, I% is now well estabe
lished that carticcids heving on exygen atom or axypen containing
subgtituent attached to carbon muber 11 of the stercid sucleus sct
primrily upm carbohydrete metabolism, whoreas cartlecids lacking an
ozypen funotion in thet position are concermed primarily with electro-
iyte balance, Sinse the problesm to be dissussed heve is directly
gonoerned with carbohpdrate retabolise, the effecls of the hormoncs
invelved in eleotralyte balinoe have largely been cmitbed frem this
brief reviow,

ingle (1) extonded suoh studics to the nermsl foreefed rab
and found 17-hydragell-dolydrocorticostorone o be capable of pro-
fucing & negstive nitrogen balsmoe in such amimsls, A few years later
it wos esteblished that l7-hydragoorticosterono also exerted such an
sction’12), Giyeceuria accompanied the megative nitrogen balance,
preduoing a diabetis type of picture, and the sondition se induced
hes boon tormed edrenal steredd dlebetes®(12), 4 simtlar pioture
ndght be expoctod to appear following the adalnistretion of pure
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advrenceorticotrophio hormone and thio proved 4o bo the case vhen Ingle,
14, end Bvans(l3) troatod nopme) forcoufod rats with this materdisl,
In confirmation of this, Dennott and 14(34) have since reported an
intengification of the glyvosuria snd nitrogen less of alleawsn dlsbotie
rets as o result of the administretion of adremccorticotrophic horwene,
The effects of adrenal cortienl extrsct, adrenal cortical stercids,
and adremoccrticotrophic hiemone upon Inman metabolisam heve boen shown
%0 reeeble closaly those demonstrated in animals, From st leest
ene point of view, studies in men mey have more significsnce with
respect to the problem under disoussicn here than do the animal
stadios, Dosages employed in hnumn studies have been very much smaller
than those used in snimel work and the effects of a mild stimiue
such as glyeine feoding may mimde move closely the results of such
& small doso than the effesta of » rather large ome, In 1943,
trame{15) roportod thet a normel mile trested with adrenccorticos
trophic hormme exhibited a definite impairoent of carbohydrate tale
erance, indicating o tendoncy toward the “adremal steradd” type of
dlabotos dommstrated in animals by ingle and asscclates’ it 32» 13
The gubject failed to go into megstive nitrogen balance in the course
of the cxperiment, tub Sromme folt that his fallure to do go could
be attributed to the faot that ho was smintained on & high calorie
carbohydrate diet, Tharn, Forshem, end cowsvkers!i®s 17y 1, 19, 20)
have stadied thovouglly the metabolic changes preduced in mem by both
adrencoorticotrophic hormone and various corticel stercids, They
have foaund thot the sffects of adrencserticotrophic hormene upon



carbolydrate mtaboligm, in the presence of functional adrenal glands,
&r¢ compareble with thoss produced by the llwaxywterclds, in imereased
cxmorotion of urio ooid wes a ocmstant Linding, teotel urinary ndtrogen
increased in some cases although mot at all consistenily, while creatie
nine emsretion remeined cosentislly scmstamt, Babad(Zly 22) ned
wnmwmmmmmm«m
the wrie acid exovetion of rats bub failed to lead to sy change in
the urirary cutput of creatinine, The consistent rise in urinary
wie acld in the precence of an unchenged exoretion of erestinine has
1ed the group hesded by Tharm and Fersham to propose the use of an
incroase in the uric acid i orostinine railo after treatmmt with
adrenocortisotrophic hernone as one index of edremal cortical responso
to stimlation, It s also noteworthy that this same group hes
veported a risc in the exeretion of imorgenic phospherus in several
cases, sithough the finding wes not consistemt, Ao mentiomed earlier,
Irgle and Thornf10) hed cbserved rises in the phosphorus excrotions
of rote tvated with adrenal stuercide,

Other groups have been active in this field amd have veported
siuilar results with regard to nitrogen snd wrie acid exeretion cone
sequent to the administretion of adrenccorticotaophic hormons of
1 7-dprexy-ll=dolydrocorticostorome, Among those groups &re leeam
ot al,(23), m“m(&) PR LR b e ——

AS2T), s lastementionsd group slse mede the intercsting cbesme
vation that arinary oreatine sdiregen was incveased during the aduine
istration of adrenceerticotrophic hormone and 17-iydroxpwll-dsigpdro-



corticostorons, and that this increase oftem persisted for soveral
deye after hormone trwatusnt bod bevn discentimwd, Thig finding
correlated with the chesrvation of Bebad!®2) thet treatmenmt of novsml
fastod rete with adremal corticsl extrach intenedfied their creatine.
wria,

 Gtudles of tho effects of adrenosorticotrophic hormone and

1 7ehydrapell~deiydrosorticosteroamw have been pursued g0 intensively
in the past few years that 1t is well nigh impossible to cite all the
original voferemoes, Some expellent compllations and reviews of the
subjeet have appeared recently, howsver, Anong them are the Proe
gesdings of the Firet Qlinioal 4078 Oamforonce(®%) and pitmiterye
Aol Punotion®),

In this previous work, particulerly that in which adroncoortloo=
trophic hormone wag used, alteraticos in the wrinary output of
subatancee other then those wentioned hore in some detail howe beon
noted, Por exmuple, echanges in the cutput of electrolytes snd of
ljsimtostoroids and lLlecyetercids heve been sham o occur, Ine
assuoh se the theory hes been advanced that the ®protein effect® of
giyvine reflects enhsnced adrensl corticel setivity and adrenal cortical
activity in the lrtaect animml presupposes the sseretion of adreno-
cartloctrophic hormme, alierations in the electrolyte and stexcid
exeretiong of animals fed this emino aeld sight bo axpected to ooour
if this thecry is correst, The teshnical <diffisultics enccuntered
in trying 0 cullect wrine samles free of oxtormal sontestination
with sodiun and potasslum, howgver, made it seom unprofitable to
attempt such determinaticng, Murthermore, if che were successful
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4n making satisfactory wine collections, lmvestigetions of clectrolyte
comrotion during feeding would have iittle meanding unless the ancunts
of sodium and potassium ingesbed weve known, In shard, balawe studies
would be requived, 4s for investigetion of the storald emovetion of
those amimals, dotermination of L7-iotostorcids and lleaxysterulds
both regrire sush laovge volumes of uwrine ss to mols it lmpractical to
attempt such analyses oo ret wrine, Hince it was not prectical, from
& technical standpednt, to study slestrolyte wwl storeld emretions,
provicus findings with respect to those subotncop have bosn o=l tted
frox tho review of the literature Lo the sale of brovilyy,

The phonmmenon investigated in this project relates mainly 0
sarboiydrate metabolign, howover, so that inability to study cleotrciyte
cutput was not a serious disadvantage, although o stady of stercid
exsrotion, cspocislly of llemeystercids would bave been very iuformee
tive, There remsined, mevertheless, a mmber of cthor mctabolis
effects identified with the sction of the adrenal cortical scoretiong
upon eavbohydrate and protein setabolise widoh eould be studied
adeqmately, Acoordingly, the wimsey exurotions of gpush things us
nitrogen, wie acld, ereatine, and gluccse appeared likaly to offer
valuable infarmation regarding the problom st bhamd, Olyvesuria, as
& regult of troatment with adrensd cortical hersones or adroncoourtico-
trophic hermone, ccowrred in normel andmsls only 22 & reguld of rather
lergo doses adninistered over a relatively long period of time,
Norzel oplmels subjocted S0 as mild a stimlus, and one of ap ghort
duradion, as L houre of glyvine feeding would mot be expected to



exhiddt glycosuria and gualitative teste huve showm thad tids doos
not cocur, In addition o totsl ndirogem, uric acid, and eveatins,
the exevotion of incrgarde phosphate had bepn shown o inersase, on
ococaslon, aftor cortical hormene treatesnt, Parthermore, in order

1o sngwor & mmbar of questions, it wes desiralide to study in xmove
detail the ¢onstituents ecniributing to the figure for total rdtregen,
Does glyoine, emereted as euch, male s signifliosnt emmtribution to
total winmry nitrogen o i8 eany inorease primrily due S0 urea?

¥hat effoct doss glycine feoding have wpon wrinary amwnia and croatie
nime? secerdingly, imvestigations were initdated in which rats wore
fod iImoun amounts of foed of knocem nitrogen contents and theiy exuroe
tions of total mitrogen, ures, ammonia, usie acid, ereatinine, erectine,
glycine, and inorganic phosplute were studied,



EDIRDan,

Andmales Adult male rads (200 - 300 grams) of the Sprogue-
Demley strain wove used, A pair of animels of nourly the same weight
was removed from the solowy sbout o week before the experiment wes
to begin, placed in a cage together, and zllowed as much Parina
Laberatory Chow and wator as desired during this purdiod, This was
done to meke swre that the animels were well nourished ab the bogine
ning of the experiment, 4% the completion of an experiment, the
animale were returned %o & diet of Purima Laboratory Chow for 2 week
or ten days, at which tiue & now exporiucent was begun in which there
was & reversal of diet for a givem animal, i,¢, the animal receiving
the control diet in the first experiment received the glyeine diet
in the second experiment and viece versa, In this way, cach animal
was, in offect, serving as his own combrcl, When cach one of &
pair of animls had roceived both diets, this pair was discarded and
a now pet used for the nexb ecaperiments,

Ratiomas Colony rats were maintained on Purina Laboratory Chow,

In the preceding investigations on the "protein effect® of
dyvinells 55 6), ary retions mede up of dextrin, glucose, casein,
Brewerts yeast, salt mixture, salad oil, and cod liver oil, with
glyeine repleeing an equal welght of dextrin in the experimental ration,
had been enployed, It wao desivable, howover, to use liquid rations
in studying the wrinary exsretion of verious substamwos, The use
of this form of diet made it eaey to feed acowrately measured moals,
to cadlleet and analyse any raticn epilled by the animal, and to



provent comtamination of the exereta with food, Therefore, liquid
retlions, in which evaporated milk wap used as & suspension medium,
wre developed for this wark, ’

Evaperatod milk ecotains enough fat, vitaming A and D, and
mineral salts o fulfill the requirements of the diet, The proteins
dmmxmwwmummam
derived from lactalbumin which hag been shown to be capsble of
replacing casein in the dry retion), while the carbobydrate of the
nilk was supplenented with white corn symup, As in the dry rations,
Erewer's yoast was added as a source of B vitaming, Thoge rations
have boen demomstrated in this lobaratory to have the seme effect
on liver glycogen as the dry retions, The compositions of the oome
trol ration and the glyeine ration ave shown below,

Contral 108 @yeine
Ratiom Raddion
Eveporated milk 3100 g. 100 ge
{Fortified with vitamin B)
Erewer's yoast (Squibd) 10 g. 10 g.
Eseonamine ( Vinthrop-Stearns ) 9 Ba P Be
White corn syrup 61 g 50 g
yeine ' 0 g 10 g.

It can be seen that glyrine is substituted for an oquivalent amount
of carbohiydrate {corn syrup) in the experimental ration,

For the contral ratiem, all ingredionts were stirred together
and warmed in & water bath for 5 to 10 mimubes, The ulxture was then



transferred to & Waring blendep and beaten, sb intervals, for five
to ten winutes, This procedure was nocessary o bresk up lumps

of issenamine and permit ite uwniform dispersmion throughout the liquid.
The misxture was then transferred o & 200 ml, volumstris {lask and
diluted o that velume with distilled water, For the glyeine vation,
sll the ingredients emcept glyoins were mimed tegether and treated
in the same mammer ag the contral ration, DBefers tremsferring the
wixture to tho velumetrie flask, howover, the glyeine was waighed
out acouretely and placed in & funmel sitting in the meck of the
volumetrie flask, The glyvine was them washed ints the flask with
the mixture from the Waring HNlender, When the glyeine had all dise
polved in the milk mixture, the velume was made up to 200 ul with
distilied water, wmmmmmymmumw
volume in a volumotrie flask, it wes possible to estimate acourately
the amount of glycine ingested from the total amount of food eonsumed,
This ration wap worked cut so that 1 ml, is squal to 0,5 grams of
dry »ation,

Cages: Metabolism cages of the type illustrated in Figure 1
wore used, The cages are made of 1/h inch mesh galvanized screm
throughout expept for the bottom which i3 1/2 inch megh sereen o
allow fecos to drop through froely, Below the cage bothtom ia 2
renovehle plece of 1/h inoh mesh sereen o coparate feoes from urine,
This sorecn is soldered $o a loop of wive of about the saxe diameter
as the cage to faoilitate ite removal, The urine receplacle, imbo
which the cage fite and to which it is fastemed by means of heavy



Figure 1

Metabollan Cage
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wire elips, is siuply & Pyrex ple plate with a» oubeide dismsber of
10.1/2 inches, As may be soon frem the illustration, food snd water
ceptaingi's are insorted into o gmell addition buili enbo the aide
of the eage in such o way that the andimal acutally eats cotalde the
cage proper, A detschable motol plate faghaned beneath thds feeding
caspurtuent end extending indo o dish permite the callection of any
ratlon gpilled during the day,

Methoday The rdgregen contente of tho two ratioms wore deterw
mined by the mioro-{jaldahl procodure to be deseribed below, Each
mal given wee pipotted acourately so that tho smamt of food offered
wis imoum, A% the end of cach twenty-four hour period, the apillege,
any wnsaten retion, and washings from the feeding tube were ecubined
ol diluted 4o & imown volume in a volumetric flask, Mirogen detorw
mingtione were carried oud w sultable aliquote of this dilubion,
incwing the amount of ratdon of o known nitrogen coatent effered to
an amimal and the frection of this nitrogen found in the spdllage,
one oould caloulote thw food consusption in the following mamnors

]
§ conten® per ml, ration

M, retion offered « nl, retion epllled = 5l, rotion catem

@ ul, retion spilied

Such a ealoulation was mde for cach twenbypefowr hovr period,

In tho case of tho glyeine ration, which canbeimed 10,0 grame
of glyeine (welghod accurately) in 200 mll, of retion or 005 grame
in 1,0 nl,, flyoine congpuption vas doterumined as followss



17
vii, ration eonsumsd x 0,05 = 1000 = mgs, glyeing consumoed

Callection and preservation of wrizmes As indioated in the
depcription of the cages, wrine was collecvted in a 104/2 insh Pyrex
pio plate, The urine wes preserved by pipobtiing 10,0 sl, of 1,0 ¥
sulfrie actd into the ple plats ot the beglming of each edllestion
paried, A large piose of coarse filtor paper, which just sovered
the bothan of the ple plete, wes used to insure unlfoms distribatien
of the acid ovor the bothem of the ple plate, Ab the end of the
eclloetion poriod, the cage wam loosensd frem the pde plate, the
separaior soroen was removed with the aid of a wire bhook, the leces
were discarded and the soreen wag placed with the pie plate, 4
dlean separator soreen wap inserted and the cage atbeched to 2 fresh
pde plats,

To extrect thw wrine from the filter peper, the coperater screem
was {iret weshed down thoroughly with distilled water from & wash
bottle, the washings being allowed to rum imbo the ple plute, and
shout 100 mi, of dlebilled wator were added t0 the washings, Afber
the paper had bocome thorcugily sceled, the dilute wrise wos filtered
into & 500 s, velumsstrie flagk theough & emall plug of Pyrex glase
wool placed in $he stem of an erdinery fwanel, 4 emall swar of
sbtopoock groase placed wnder the 1ip of the ple plate prevembed ety
loss of wine in the process of powring it from the pdo plate, The
ple plate and furmel were washod tharoaghly with &istilled waber
and the waghings ccnbined with the urine, Before diluting to the mvk,
10,0 ml, of 1,0 ¥ podinn hydrecide were pipotted into cach saple %o
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seniraliss the 10,0 xly of 1,0 ¥ eulfurie acdd used in the preservation
of the wine, Fron this point on, the wrines were proscrved with
mmmwmammimmmmmm,
By choosing suitable aliquots, ne ferther dllution of the wire wos
noccapary for the various anclyses with the cmeption of ereatine snd
erestining,

HMan of a typleal coperiments Two eninals whish had been separated
from the colony 2 week ar so carlier as memtioned above were weighed
and placed in metabolisn cages prepared se deseribed, I was usually
found cawendont to begin an ewpewiment abd sboud 10100 A, the
animals being givenm a meal of 10,0 W, at this tive, /inother moal
(10,0 #,) was given st ahout BaJ0 Pl,, and ancther at sbout 9300 Ak,
In this way, tho animals were wellefod during the eotire twentywfour
hour periods Sinee the amimals were very fond of these raticns, these
small moals civen ab rothor wide intervels were caton almest imsodiately
nmcmmmawumwm'mmq
great problen ao long a8 tho retions were shaken woll before the
meal wop measurod out, hnm,umﬂuwumm_
in Uds vay allowed ono to correct for any cbvicus difforences is
the anunt of food congomed by the two anlmmls at the namt meal,
Ordinarily, howover, no difficulty was encountered in getting the
animels to cab, Ambmels wore allowed wabter od Libdtum,

A the end of twenty-four hours, ple plates, separetor sorecns,
and dishes for the colleetion of spillage were changed, It ie ostimated
that the urine sdlloctien peried did not vary from tsonipefour hours
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by aare than ten mimutoss Dwring the firet Seamtpefowr hour pordoed,
deglgnated ag the conteol day, both animals veosived the central
ration, This prosedurc wus institated by Todd, Barnes, sad Qumiinge
nasf1) st the begiming of this series of imveotigations to sseuston
te apimals to synthetdo ratioms, It sleo, in this work, provides
& base line for compariscn of the rosults of the experimental period,
During the sooond and thisd tsenty-four hour perdiods, designated ay
the first and socond experimontal days regpectively, one animal
cantimmed to receive the comtrol ration wiile the other animal wae
given the glyoine ratien, Tims, the experimemtel anissl wos fed on
the glyoine ration for » poried of fortyeelght hours, Tho last meal
¢n the second experimemtal day was given sbout cnewlelf hour before
the wrine ecllection peried endod, Tide wes mufficient time %o allow
the animals to oonmums the food offured, During the last taenty-
four hour poriod, designated e the fost dry, nelthor sniml vecuived
ay food, it the end of this period, the amimols were weighed and
retmned to & diet of Purina Leboratery Chow if they were o Do used
again or discarded if they wore mot %o be used again,

Bothodet (Analytical)

Total mitrogen: For the determimation of the witrogen comtemts
of the ratiems, 2,0 ml, sliquets of each retiom wore diluted %e 200 mi.
inclywes ware carried out on 10,0 ol, aliquote of this dilution of the
contral »stion and on 5,0 nl, aliguobs of the glyeine ratiom., Total
urinery nitrogen vas determined an 2,0 ml, aliguots of tho dlluted
urine cbained as previcusly deserdbed, |
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iliquots for emalysis were pipetted into 100 ml, Kjeldahl flasks,
two or three selenized Hengar gramules were dropped in follewed by
3 ml, of sulfurie seid digestion mixtuve, This digestion mixture
consisted of eoncontrated sulfuric acid diluted with sn equal volume
of distilled water and saturated with KpSOp. Digestion was earried
out with the aid of & s=msll memifold conmected to an aspirator,
Bodling was eontimmed for at least one=half hour after the digest
hed cloared,

Distillation of the digests was carried out under vecuum using
the epparetes desorided by Risshart, Grondshl, and Weet(30), When
e digests had coccled, sbout 28 ml, of distilled water were added
to each and thay were again allowed to cool, The flask was them
attached to the appropriate arm of the distillation apperatusy a
recwiving flask, ecomsisting of 2 125 ml, PEriemsyer flask, contaiming
2540 mio of N/70 sulfurie acid being stbached to the other arm, The
apparatus was then vommected to an coplrster and evacuated for three
to five minubes, After evacuation, 10 ml, of 0 por cent sodium
Idrondde wore added cautiously with shaling, taidng care mob ta
- %088 the vacwum In the precess. For the actual dlstdllation, the
digestion flask was immersed in a boiling wator hath while the receiving
flask was eocled by running a strean of tap water over the outside
of the flask, It was found neoessery to gontime the digtillation
for twenty ndvates, When the distillation was comploted, the ezsess
Mummmuuawmmxﬁomw,m



Tashire's indicator, Fach milliliter of titeation difference is
omal $0 0,200 mgs, of wdtogen, ‘

Urea nmitrogen: Urine wea mitrogen was determined by ot adapbes
tion of the method for blood uwres nitrogen desoribed bWy Rinehars,
Grondahl, end West' 0), 4 2,0 ml, alicuos of the diluted urine was
tranaforved 4o a 100 ml, Kleldahl flesk snd 1,5 nl, of 2,5 per cent
potassium dilydrogen phosphate snd  drops of wreass in glycercl weore
added, The flasks were lmmersed in boakerw of wars water and placed
in an incubator sob at 50° » 55° € for an hour and & half to two
bours, This period of incubstion gave tw best recoveries, At the
end of the inoubation, one o two Hongar gramules and sbout 15 =,
of distilled water wore addod and Ui awmonie was distilied out with
the use of the distillation apperatus used for the total nitwogen
dotorminations, Again & 25,0 ml, aliquob of B/70 sulfuric asid was
plaoced in the recedving fask, After evesuation &b the pump for
Shree to five mimutes, § ul, of potassium carbomstowamalabe reagent
were added csutiously, taking care mot o cdnit any air Yo the system,
The dlstillstion was alloved to proceed for five mimutos in the
mamnor deseribed for the Sotel nitrogen ostimetions, Ewoess stendard
scid wes back titrated with B/70 sediun hydrexide us before, Cile
culations were again based upen the factor of 0,200 mgs, of nitrogen
per ml, of titration differense, | |

Ammonda ndtrogen: Urinary amwnie nitroger was deterwmined as
descridod by Rinsbert, Oromdshl, and weet{30), A 25,0 ml, sliquet of
the diluted urine was trunaferved to a 300 ml, Kjeldahl flask and



ooe a two Hengar gramles were dropped in, The distillation was
carried cut ecamotly as desorided for ures mitrogen, ewoept that 10 ul,
of potassium carbonsbe-omalate reagent were used %o liberate the
ammonda, Titrotlion of the exsees standard seld and caleulatioms
were carried cubt as previcusly indiceted,

Urie scids The methed of Duchanan, Blook, snd Girlsbment 1)
was uped for this estimstiom, 4 10,0 ml, aliguot of the dilubted urine
was placed in & 50 ml. volumstric flask and 2,5 ml, of urcs=oyamide
sclution were added, Immodistely efter the addition of 1.0 sl of
arsenophosphotungstic seid, the sample wus diluted o the S0 ml.
marlk and sdxed, Exactly thirty sioutes after dllution, the sample
wag read in a Coleman Junice Spestrophotomeler at 690 milllmicrans,
4 roagent blank was run with the sawples amd the instrument wes set
at sore against this blank, As origimally desoribed by Buchanan snd
associates{ 1), tide method involved u determimation of residusl
odler afber inoubation of the urine with wicese, the differense in
the two determinations giving the truve wric aeld emeretion, Howewver,
Pushansn et 21,872 nave alse demonstwated thet the smmumt of neoe
uris seld elwumozenic substanoos in urine is quite constamb so long
as pethylzanthines such as calfedne or thoophylline are eweluded from
the diet so it was not dosmed ncoopsary t¢ imelnde the uricase incus
batlon far the purposss of this imvestigatiom,

Inorganic phosphato: This analysis wes made by the methed of
Plaio and SubbeRowt’3 ) as described in Husk, Oser, snd Sumserscn ),
amept that amidal {2,ledimainophenelditydrochioride) was used as
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the rodwaing agent rather then 1,2,heauinonaphthelamlfonie acid,
Thie estimation was made on 5,0 ml, sliquets of the diluted urine which
wore placed in 100 ml, velumotrie flasks, after which the total volume
was brought o sbout 70 ml, Aftor the esddition of 10 wl, of ammoniws
molybdate, 3 ml, of amidel (1 per cont in 29 per cent sodium bisulfite)
were added to cach snd mimed, followed by dilution to the mark with
distilled water and mixing again, The coler was read in o Colemss
dJunier Spectrophotometer ot 670 millimicrons after S mimtes, The
ingtrunent was set at sero against the reagont blank,
 Grestinine: Thias detorminstien was done by the mothod of Hare
and Hare as cutlined to Busiims(35) g & persmncl commmtestion,
Fave has sinoe prblished the mthod{36), ths technique dessrided
differing fron the ane $0 be outlined here only inm mincr details,
For this analysie, a fadher dilution of the wine was reguired,
Ilution of 10,0 ml. to 50 ml, proved sabisfactory, Estinetions were
made on 5,0 ml, aliquots of this second dilution, Thls amoowt was
transferred to 15 al, centrifugs tubes 2nd 0,5 nl, of sstwated
cmlle acdd wao added far cosh § wl, of scludion, About kD mgs, of
Ilaydte reagend (& small seoop holding sboud this amount wes made)
were added regardloss of the valume, The tubes were tightly stopnoved
and shaken by hamd for two mimbes after which they wore oembelfuzed
in an angle nemtrifoge for about five mimtes. The supermetant wes
then aspivated off through e smell tipped glase tube and discarded,
Greatinine mas eluted from the peoked sodimesd with 10,0 ml, of ollow
line plerato made Jugh bofore use ss followss



§ parts 0,04 X pleric acid

1 part 1080 sodium hydreadde

12 parts water
After the allkmline pderate wag pipetted onto the packed Llgpd's rede
gent, the tube was again stoppered with the some stopper wsed in
the previous gheking and sllowed o stemd, with cccasional agitation,
for ten minates, After combrifugatiocn, the supernatant wes transe
ferred 4o & cuvetts and read in & Coleman Jundlor Spectrophotometer
ab 500 millimdorons, Standard crosbtinine sclutions must be run
with osch set of determinctions, Aliquots of standasd crestinine
eontaining 20 and 30 mieregrame were satisfoctory for this work, A
reagent blank was also run and the instrumont wes sedt ai sero with
this solutien, |

Creatines The methods in wse for many years for the determinee

tion of eveatine depend upon ite ounversion to ereatimine by heating
it in the presenve of uoid, uemally in an sutoclave, Sinoe the mobhed
used for the estimtion of crestinime in these studles roquires the
addition of saturated cxalic aeid in proportion 4o the vdume of the
- aliguot teken for analysis, the idea ypresented lteelf that this aoid
might serve to convert creatise to eroatinine as woell as $o produce
the propar conditions fer the adeorption of crestimine on Lloydts
reagent, iceordingly, s sories of stendard areatine sdlutions were
analysed uping saturetod axalie aeld in the proportion of 0,8 ml.
to cooh 5 nl. of cveatine solution, plugging the mouths of the tubee
with & wod of Pyrex glase wodl, and hoating in an awboclave ab



120° » 125° contigrade for omowhalf hour, AfSer the solutions hoad
ocoled to rooa temperature, the analynis was eccmpleted smaetly as
described above for crectinins, No additionsl owalis aeid was required
for this process, The crcatine stendards were propured as followe:

A solution of 1,08 grame of ercatine hydrete iu 1000 wi. eontains
the equivalent of 1,00 mg, por ml, of creatinine, By making sulte
sblo dilutioms of this stook standard, sclutions were dbtaimed frem
which aliquote eontaining the egquivalent 10, 20, 30, and 4O micro
grams of creatining could be pipetbed, Rocoveriea from suwsh aliquote
ere tabulated below,

(rsatine Std, Creatinine Por cont
10 mg, B.l0 meg, 80
20 meg 18,0 meg. 9040
bo mog, 31.2 mog. 93,0
10 mog. 9417 mog. 917
20 mog. 20,2 mog. 1.0
30 mog. 30,1 mog, 100,0
4o mog, Pb mog, 9940
10 g, 11,0 wg. 110.0
20 mog. 20,1 mog. 100.0
30 meg, 306 meg. 100,2
4O meg, PbH mg. 9940



fince saturated calio acid in this preporbtion was efficient in con-
vorting croeiine to oreatinine, urinary ercatdne was detormined as
Just described, Aralyses wove carrisd cub on 5,0 ml, aliquots of the
dilution mode for the creatinine determimation, Oreatine was oale
oulated in tho wanal ways

Greatine = Totsl erestining « Preformed creatinine x 1,16,

Glyeines The mothod of Alexsnder, Landwshw, eod Seligment37)
was uwsed for tis cetimation, This method requires the use of a
Stots alleglass stald{>®), 70 2,0 mL, of phosphate tutfer (sl 5.5)
and 1,0 ml, of 1 per cont minhydrin ( triketolydrindene hydrats)
solution in the flask of the #till were added 5.0 ml, of the diluted
urine, The condenser was atteched and the eontents of the flask were
. dlatilled rapidly into a test tubo calibweted at 10,0 nl. Whon about
7 W, of disptillate hed boen ccllected, thw flask wey allowed to conl,
As soon ag it was ccol emcugh to provent oraciing, it was Lauersed
in @ beaker of culd water to bring 4% %o roem tompereilure more quicidy.
The sondemser was dlsengaged, 2,0 al, of disbtilled waler ware added,
e condenser replaced, and the distlllotion was oontimued to drynoss,
At the end of the distillation, the peck of tho siill was hoated
gently to drive over the few drops of moleture remaining there, The
entire distillation was cumpleoted in 15 0 20 mimtes, Oare must
be takon not to hont the flask too strongly, Such treatmend may drive
a ved reaction product of minhydrin over with the distillate and this
interferos with the securacy of the determinadion, The distillate
in the recelving tude was then diluted to the 10,0 ml, mark with
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@letilled weter, mzed thoroughly, and & 5.0 ml, aliquot wes pipetted
into & test tube (6 imoh), To this aliguot was added L0 vl of
M%MH%&&%&MMQ&WW
immerwed in ice water, Vhop the resulting solution had socled to
room temperature, 3 drops of § por cent clromotropie scid (1,0.-die
Iydragmaphthslenom3Sedisulfonic acid) were added and mixed, The
mouth of the tube was covered with & marble and the tube was hoatod
in s bolling water bath for 30 mimubes, Af%er the sclution hed
cooled, the calor intonsity was read in o Colemen Jumlor Spectros
photomster at 575 sillimiorons. A resgent blank wes rus with the
analyses and the instrweent was set at sero against the blank,



Al) resulls are swmerised in Tahle I, Plawees 2, 3, &, 5, Oy
and 7 are grapble preseatations of data included in this table, A1l
values have been expresssd as williliters o willigrasp per 100 groans
of body wedight so that equal anounmte of body tissue wore deald with in
meiting intarpretationg,

it con be seen fwem Tebls I thet the volumes of food ingeeted
par 100 grems of body welght were very nemrly the same for tho tes
dots, Rodusing the liquid rations o the dry basis (1 mb, = 0.5 g4)y
the greatest differemco in average intale was 0.3 grem per 100 grams
of body wedght, Although the dicts were isveslarie, the substitmiicn
of glyeine far caxrbolyydrate to maks the experdimemtel ration resulted
in a considerebly sugmnted ndtrogen eantond in that ration so that
snimalp vecaiving the glyuine diet ingestod more mitrogen in a givem
volume of food thon did smimels receiving the centrel dlet, This
differencs in unltrogen intale is reflected, of ocurse, in a greater
2h hour esmretion of nitrogen by glyeineefod animals, Figure 2
illustrates graphically the nitrogen comretions in the twe dlets,
It csn bo seon thewe that the snimals eliminated slmost exseily the
sane anount of nitrogem during the day thoy ware eating the contral
retion end that controlefed amimals contimued to exorete mitrogen
ab & mearly constant rate during the experimental peried, On the
other hand, the urinary nitrogen of the glycins-fod animals incressed
shaplly during the fivet day of glyoine feeding and continmed %o
inerase, although mush nore slomly, Guring the second day of glyeine
fooding, The maunt of nitrogun emsreted during the Cesting day
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Figure 2

A Comparison

- of Totel Urinary Hitrogem Dmoretiom, por
g« Body Wedght, with Upinary Urve Nitrogem Emcretion

par 100 g. Body Welght,



Eleven Pairs. Diets reversed following 10 day interval on stock ration.
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3
was lower in both cantrdl-fod and glywire-fod enimls than that
chgorved daring feeding, the decresse being mich mere marked, however,
in the glyeine=fod snmimal, lven so, the niteegon ocutput of glycine-
fod aninmgls rempined about 28 mgs. por 100 grams of body wadght above
that of eontrolefod andmals,

4 cloaver picture of the relationship between nitrogen intaiw
and nitrogen exoretion in theso ardmels wmay bo geined by reference
to Figuwre 3, The figures plotted represunt differentes betwoen
ritropen ingeetdon amd total wrinary nitrogen emerotion, It my,
perhaps, be poor terminclogy fo refer to these figures as nitrogen
balances since tho fecon were nob analysed for this element, but such
usage of the term is not without precedents Ingle'*r® ) puy veter.
red $o an incroased uwrinary nitropen eulput in the presence of a
constant foed intake o2 2 megative niirogen balance, Tids same
inveatigater, in his many imveostigations of adrenal cordical function,
hop eeldom, if ever, referrod to foosl nitrogen, In previous etudics
in tids sories(®), it wee demmstrated thet all glyvine and corbow
drate had beon abserbed fveom the gostraintestinal tract at the end
of an § hour fest, Thic demomgtvetion of complote absarption of the
dist coupled with the sghord dwration of thepe experimonts made it
soom unlilely that any mreat changes in fecal nitrugen might ooour
during the experimontal peried, In any case, & camparisen of wrinary
nmitrogon excretion with nltrogon comsumpiion was of interest, Figure
3 shows that glyeino-fod animals rotaived sdgnifisantly grecter
amounts of nitregen than did suntrol-fod aminmals during tho firet
ecporimental day, them begen o axhibid ovidense of adaptation



Figme 3

Kitrogen Balances per 100 g, Body Wedght per 24 Hours
Baged an Total Urinary Hitrogen Ruoyotlions,



Eleven Pairs. Diets reversed following 10 day interval on stock ration.
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the Higher nitrogen intake during the seocnd experimental dey, Iuring
the latter day, they reteined s scnowhet smaller amount of nitrogen
than did contrelefed mninels, although the difference wes not statisti-
eally significend, A previcusly noted, arimels profed the glyeine
dlot cxoreted move nitrogen during the fasting day than @id andmsls
prafed the coptwel diet and this difference wae stotisticdlly highly
glgnd fieant, | |

Inegmach s urea is the chdef nitrogencus constituent of wine,
one would expect the emoretion of urea by normal snicals to parallel
thoir total nitrogen output, This actually proved Yo be the caso as
Figure 2 shows clearly, The paralldlism is emcsllent in oomitrdle-fed
aximels bub mot quite 8o guod in giyeine-fod animala, In the case of
$ho latter, the total nitrogen cutput rese slightly faster than the
wes cutpub, reflecting the inereased exsretion of other nitvogonous
compounds by glycins-fod animals, but etill 4t can be scen that the
olk of the rise in total wrimry nitrogen was due %o urea,

Glyeine feoding wus found to nugment wmonia emcrotion very
slgnificantly during the firet and second experimntel days, but the
difforence digsppored doring the fasting day. Flgure b illustreton
thoso results, The cause of the incroase in urinary ammonis codibited
by sontedl-fod anizcls beginning on Wdw first experimental day is nob
oloar, It maob be kept in mind, bowewver, that exerotions of the
varions substances during the sontral day reflested to a considerable
extent the effects of the provious diet, In sose way, assdmilation
oven of the control dist resulied in the exmretim of more sarwnia



Figare 4

Urinapry Rmovetions of Ammonia Hitrogem per 100 g
Body Weight per 2k Hours,



Eleven Pairs. Diets reversed following 10 day interval on stock ration.
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than assizllstion of the Purins Laboratery Chow on which stoek animals
wore miintained, levertbelsss the ammonie exdretion of animals treatod
in exmotly the s way cmsopt for the sbstitution of glyoine for
carbolgrdrets in thedr diet rese even higher,

Sigrd ficantly larger anounts of wrie seid appeared in the wrime
of animols recedving the giyeime diot bogimning on the first aperi-
mental day and eunbimuing through the fasting duy., Flgure 5 compores
the uric acid outputs of amimals on the twe diets, dgain, it is ned
inown wiy contralefod animals exhibited s reduction in weie soid
aeretion during the first and socond cxperimental days as sopared
to the contal day, but it is likely that this also is a result of the
traveltion from Purine Laboratary Chow to the contrel ration, An
for animls receiving the glyeins retion, not only wes tholr wriv
20id exovetlon grester than thad of eontrulefod animale, it wes also
greater than the urie acld exoretions of the control day,

Although the ereatinine output of glyvine-fod animals gppoars
te be consistontly less tham that of emirolefod smimele (Teble 1),
this differente is entremely slight and not at all significant when
pubjectod to ststisticsl amslysis, Forshem, Thorm and ssseoiates
(175 185 195 20) pave unilised the imereased weie asid and mearly
eanstant crestinine exeretions chesrved in e patlenta ;lven
adremcoorticotrophic hersone te caloulate the uric seld 3 ereabinire
retic which they use as cne index of adremsl cortical response o
advencoortieotrophic hormene, Thelir purpogse in calemlating this
ratic rathor than detormining the daily wile seid cutput of thelr



Figare §

Urinary Uric Avid Bmretions per 100 g, Body Weight
por 2k Nowrs,
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pationts was to aveld the necossity for acourate 2 howr urine oolleow
tions, Albhough esewrate urine ecllocticns were mdo in the exporiments
Mhm.mmmzwmwumummmm
mwmummzmmmwxmummm
ally in Pigere &, Glyoive-fod animals showed s wrlo agid ¢ ereatinine
 ratio an the firet cuperimental day thet was 7L per cent higher than
that of emteclefod animls, On the seoend experimntal day, the
ratio was otill 38 per cemt higher for glycinvefod than for controle
fod animale and on the fast day it wus 26 per cemd higher,

Croatine ewrotion is markedly clevated in glycire-fod animals
doring the first experimental day and owidimmes %o inorease through
the feating day, Pigure 7 shows the steiking differemces in the
ontputs of this coupound by animals on the two diets, Greatimwia
always appoars very prouptly after the inttiation of a fast and
the animels fod on the contral ration in those experiments ware po
amaption, Thore wes sose augmentation of their ereatine emeretien
@uring the fasting day, but s¥ill thelr catput failed even o appwosch
that of the animals prefed the glyeine ration,

The exoretion of inarganie phospharus appoared to be somowhat
lower in glyeino=fod animsls than in contral-fod animals during
the first exporimental day and somowbat higher during the sseond
experinental dey and the fasting day, but noe of these differences
proved to bo statistically significant,

It can be even in Table I that the wrinary gljeine emsretions
of animals on both dlets wos very amll, (lyoine feeding increnses
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tha cutpud of this amino acld somouhat and the differences in ite
emmretion by dlycine«fod animale a8 coparwd to contral-fod animale
do bocome significent, fron & stetisties) standpeint, duwing end

after the seoond experimmtal day, lowover, whom one comsiders that =

animels on the glyeine diet ingested over 500 mgs, of glyeins per
100 grams of body welght per dsy ard exsreted cnly about O mg. per
100 gramw of body wedght per day, il cam be seem that iho eseroliws
of unseshined glycins ie negligible in campariecn with the intake,
Since & aversge of 96 per cont of the total uwrinary nitregen a0
doterwmined by Kjeidahl was scocumted for in the various cometltucnmia,
it is not liknly that un sppreclable smount of cebined clyelne wug
amrobed,

Animals on both diets lost weight of course duwring the experimente
since a 2 hour fayt wee included in the emperimental period, Wjeine
fed smlummls lost, on en avarage, about i grams more than the sontrdle
fod animele bot this difference is not statistically significant,



Previcus studies a the motabolie offects of adrennl ocrtical
extract, adrenal ceritloal storolds, and sdrencoartisotrophic hormeno
in animals emphasive an inorease in wrinary nitrogsn in assosiation
with slteretions in earbohydrate metabolism, Indoed, Long, Zatsin,
snd Pryl8), upen firet making suok cbservations, folt that the
guptons of sdrenal cortical insuffisiency o cmmess could bo sccountod
for on the basie of increased wr decressed glucogonesis frem protein,
Sinco that time, howsver, corsidersble evidence has beon apowmlated
which indiostes that this is not the cese, ingle{10) goon dectmstre-
ted that the ineresse in gincose exuretion indused in partislly depane
creatised or adrenaloctuuised, partlally depancroatised rate upon the
admindptration of 17-hydroxy-ll=deimirocorticostarons oould not be
apcounted far on the basis of incressed glusogemesis from protein,
Tater studies by this sem investigator and his sssossates’d2) have
established that adrensl stercid disbetes is very resistant to contral
with ingulin and that even if the glyvosuris of animale 4n which this
condition had beon indueed wore suecessfully controlled with insulin,
their nitregen excroticns remsined high, Murthermore, the inmitiel
rise in rirogen exerotimm followirg the initlation of harmone injeotions
proceded tho mmset of glycosurie, Thus it appeored thet the adrenal
cortical harnomes have a primery protein catebolic action which is
a0t secondary to their effecte upon carbohydrate metsboliem, M
Mﬁ'nimmﬂamm, ingle and
®oriel®) found that, after recovery from the operstiom, ferce-fod,
adrammloctomised animils waintained with 1 per cent sodium chleride



suluticon for driniing water comreted as mch nitrogen ap during the
pre-gperative peried and ap mach as thelr shane~gperated eonircls,
it was coneluded from this that rate have mochenisme other than the
adrenal oortox for the regulation of nitrogen balunce, Vhen Ingle
wnl Prestrudii0) subjocted forceafod rits receiving 1 por cent sodium
chloride feor drinking purposes to adremalestony, and treanted half
of them with cortical extract, the latter anlmils and the shamwoperated
controls showed & smlloer post-oporative ineorcase in urinary rltrogen
than did adremalectodsed animals not srecoiving the extrast, Under
these cireumstances then, adrenal earticsl hormomes appear to have
favored protein ansholism, The elindoal studies of Thorn, Forabham,
and assoclates(16y 17, 18, 19, 20) ant of Ceom and assosietes! 5y %6)
have established that impairment of carbolyrirate metabolism is often
domonstrable in the abeemee of an increase in weinary nitrogen,
Bubad! L) had obearved a muber of yosvs carlior that the admimistroe
o of adrenal cartical axtrect to rate maintained on a carbolydrate
diet untll their siteogon emoretions hed reashed & omstant level
resulted in no appregisble inerease in total uwrimary nitrogen although
the output of products of parine metebolimm vose, 5tlll another
faotar to be talen into consideretion in interpreting the data om
urinary sitrogen exsretion cblained in the work reported here is ihe
ago of the smimole used, Although mture male rats wore used, they
were youmg enough to be growing slowly wo that there wus s tendengy
for them to retain nitregen during feeding, Considering all thege
things, then, a nogative, e leas positive, nitrogen balmmoe in
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glyvine-fed animels, although geod evidense in fever of emhenced adremal
ocortleal activity, would not be comclusive ovidonoe of it ccourremce,
nor would the failure of an imcresse is nitrogen exsretion $o spposr
rule oud 8 stimletion of adrenal cortical sctivity, HReferenmce %o
Plgnres 2 and 3 makes it aloar, not only that a negative nitrogen
balance failed %o oocur during the period of glyeine feeding tut aleo
that thore wes actuslly considerable mitropen retention, The fasting
period was snother mutbor however, During this tise, animals profed
the glyeine diet exhibited & highly significant augmentation of wrinary
nitrogon emretion oampared t0 controlefod animals, The net ineresse
amsunted to 28 mgs, of nitrogem per 100 grams of body welght, Simoe
proteins are usually considered, for gemeral purposes, %o contain 14
por cont ndtrogen, an extra urimary nlivogon exmvetion of 28 mgs,
ancunte to approximately 20 x 6,25 o 175 mgs, of dry protein, Nost
body tissues contain sbout 80 per cent water, so that quantity of
dry protein would reprosent a lose of sbout 0,878 grams of bedy tissuve
per 100 gramg of body weight o more than 2 grams of body tissue in
& 250 grem rat, This enhanoement of the urinory nitrogen output of
glyeinewfod arimals as compared 0 that of cordrolefed animals upon
boing subjocted to the etress of a fest offera evidense in support
of the theory of a stimlation of adrensl eorticsl sotivity as o
result of feoding that asino soid, In this ocmection, it is intore
esting to note that the increase in the sbsolute values for nitrogen
aatput by glycino-fed andmals arising frum the higher nitrogen emtent
of the giyuine diet is sttributable for the most part to an inereased
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ures output (Figure 2) and not to any appreciable extent to the extvoe
tian of glycio® iteelf {sce Toble I), Prem tuls it is cbvious that

the giyeine takem in tho diet emters into chemical resciions im the

body rather then being exwreoiod wohanged, Mhether cr not this would
be the cese in the sbeemee of the adronal glands is nob kmown at this
time, It is not impossidle that this cheervetion ia itself sn indie
catdon of adremel cortical eetivity.

The studies of Thorn, Forshem, md cororkers{ify A7y 18, 19, 20)
and of Ocnn and assoeistos’?>» %) o hummn beings have estadlished
& elose carrelation betwsen loss of carbolpdrate toleorancs and increecsed
wic seid sxeretion dering the eduiristration of sdrencscriicetrophis
hormme, This reletionship is moh more conpistent and prodictahle
than the relationship between loss of carbohydrate tolerance and
inoreased nitrogon emeretion, Gush chaervatioms are gompatible with
those of Bebed(ZL) 1n whioh 18 was found that the adainistration of
adronal eortical extract to rote brought to a constant level of niteoe
gun excretion by feeding on & oarbohydrate diet resslted in me
- signifigent change in total uwrinary nitrogen hut did incrcase markedly
the elinination of jreduots of purine metedaliss, Tho wrie acid
wxretions of glyoine-fod snimale proved $0 be significsntly higher
than thet of cuntwelefed amuals, not enly dwring the fasting peried
but also during the poried of feeding on the experimentel retion,
(sos Figure 5), Viewing these results in the light of the elinical
studiss eited sbove, the figuves for wrinary wrie 20dd mppors the



theory of o stimlation of cdrensl coriical activity during foeding
as woll as during fashbings .

Forshem, Thorn, and asscoiatas'S® s 19s 20) youy yenieea
the inevesso in uriec acid cxorotion in the presemos of sn unchanged
ervatinine output to sot wp the wrie acid 3 ereatinine retdo ag an
inSex of adremal cortical responee to adrenmcooriicotrophle hormems,
Sinoe the crestinine exoretion of glyoinewfod rate proved to be almoet
the samo as for controlefod rate, it seomed permissible to caleoulate
this retio for the two groups of animals (Figure §)s For the firet
eporimntal day, the ratlo s T por eent highes for glyvinefed
andmals than for contrdl-fod animals, Lor the second day, 30 per eemt
higher, and for the fast day 26 per cent higher, Forsham ot all(¥?),
upon aduirdetering b0 mgs, of adrenceorticotropide hormene por day fov
fouwr days %o & normal human male, noted s 20 pur oent inerease in his
uric agld s eveatinine retio Lo the ontire period of treatment, The
inerease wos mmeh grester in a patient suffering from pituwltary
insuificioney, Thus, the incresse in this mabtie for glyvine-fed amimals
serves o enphasive the vise in their uric seid oudput with its indd.
eation of edremal oortical sotivatian,

The very steiking imorecse in ereatine cumretion (Figure 7),
which appesred prapily after the Lritlation of glyeine feeding and
sentimed through the fasting day, s 2 most intoresting and notow
worthy cbeervation, 4 muber of years ago, Babad(??) demonstrated
that advenal cortical exivact insreaged the crestimuria induced by
inamition in both intact and eustratod male and fousle wats, although



the affect wes somwhat erretie in imbaet miles, Subsequently,
mamﬂhmwammwmmma
young woman treated with adremccorticotropiic hormone, This subject
sluo developed senw and emhibited cnly @ slight inorease in oditrogen
excretion even when recoiving 4 lange dose of hornene, indicating tbat
adrocenic effects were in the ascendanoy in this case, OSprague and
asaoeiates’27) have demmetratod inoreases in wrinary evestine ndirogen
after the administration of adrenceartisotrophic hormone and 17-bydrosye
1l-dahydrocorticootarone acotate in soversl cases and the increase
sometines perpisted for several days after hormone edninistration

was discontimed, If testosterone propicnate wore sdal istcred
simltansously, there was an indtial decresse in wrinary creatine
nitrogen and the subsoquont rise was scowwbat reduced in cumparison
with the rise resslting frem adrencocriisotrophic hormong or 1w
hydrogyull-dolydrosarticosterane alone, Tids supprossion of creatine
exretlon by endrogen suggests a possible explanation far the inoon-
sistent increases in oreatiruris exhibdted by intast male rats after
trostment with advenel oortical extract cbecrved by Babed! %) apd the
refuoed crestimmia of the women stadiod by Mascn ot al.(®e 42)

who alse presented other evidences of mndregenic effects, in increase
in oreatine ammretimm 88 & congequence of adremel cortical sotivity is
campatible with the tissue breakdown vsually associated wilh e
increased supply of these hormones, amd the bulk of the evidmes jJust
prosented gupperte this idea, The increased output of ereatine by
aninale prefed glyuine contaiming diute sppears, them, to offer further
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suppert to the theory of o stimulatdon of adrenal cortical astivity,
#1though Roth and Alldsen' ), in studying W offests of sdding

L8 peor cent glycine to casein dlots, found mo incresse in wrinary
ereatine or oveatinine, neither were Todd, Darves, and Cumninghms’l)
able to demonetrats the "protein effest’ of glycine whem enly 5 per
eent of that smino aedd wes imclnded in the ratiom, imrtel, Pags,
and Gingraa(!i3s Bh) pave slso reported the insidence of & sovere
areatinuria in rate fod dists containing 10 per cent glyeins, bt
difforences in materiels and techulques prevent a clese compariscn

of thelr work with the reswlts reported here, The compositicn of thelr
dist, aside from glyeine, was quite different and their exporiments
covered much longer perieds of time, Crestine determinmations were
done after nine deye of glysine fesding at the esrliest. They have
attributed their findings to defielenmies in cortain b vitemins' s U
45} pernaps Guo 4n part to & suppression of basterial synthesis of
vitaning io the gastecintestiral tract, Such deficlensics could
poareely acoount for ehanges sppsaring prompily upon the initiatdon
of giyoino feoding or even during & L3 hour pericd of feoding on the
glyeime ration,

Sines trecer studles have definitely estiblished glynine to be a
precursar of both creatine’ ) ma urie acia(h?), an assessment of
the inereased urinary exoretions of these two substances by glyving
fod animals mst taks into ascount the possitle mase scticn effects
of glycine feeding, NHowever, if tho eubancement of oreatine exmretion
wore simply a mass wilen effoot, Roth and Allisent®?) sheuld heve
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fovnd increesed orestinuria in rate fod diets comtainiag L8 per
cont glywine and no swoh Ingrouse wos mobed, %hen such a lavge oatree
tion of ereating in the presence of an mmsharged catput of ereatining
ig sheerved, ome wondors about the lovule of crestinme and espeelally
arostine phosphate in musele, If theve ware mm apprecisble inerease
in the latter, the comceguent sugmontaticn of the reservely of high
ouewly phosphsto groups might acoount for the exeellemt maintonsnce
of msele glycogen axhibiled by glyeinowfod anizmals dering the action
ﬂ-’lm(n‘ hrsstigation of the levels of cregtine phowphate in
the mwscles of rate fod the giyoine diet might prove %0 be of cone
siderable interest, ia for uris acld, singe glyeine is only ene come
pound emtering inte its synthesis and this amino sedd is slsc capable
of entering into the biceynthesis of & mwber of cospounds other than
orestine and wrio cosd(®0s 165 50y R) 44 uony widilely thet sess
sction effeots alone could acoount for increases of the sime chssrved,
3H11 anothor muestion arises with regpect to crestine emsretion,
Paetsl %2) nas pwesented evidense, in dags, of a rensl sebscrptive
mchanign eouman %0 glyvine and ereatins, As plasmm levels of glysine
rise, resbacrption of the awino scid takes preecdencs and creatine
is axerveded, In this work, glyvine was sdministered by intrsvencus
infusion, eo that ite plasme cancemtrstion was probably greater than
memm. Such a mechandmn might mot be
demmmetreble, them, if the awlno scid werw aduinistered by scuth,
Purthormore, if such 4 meehsnien were operativs, foth and Allisenti®)



lo

should hove found seme augronbation of urinary creatine with the foeding
of & diot eontaining h,§ por cent glyuine,

The urinsry cutpet of imargamic phogphorus by animals fed wn the
glyvine diet rovealed no significant differemces from thoso of ardsals
receiving the comtrol diet, Ingle and Tharn(10) hod cboerved a large
rise in phospborus elisination when partially depancroatised rats were
treated vith relatively large dosos of 17=hydroxyeiledelydrooortie
costerane, but ono need not mecessarily expect such & change to cocur
in mormal aminels, Altheugh Forshem, Tharm, ot a1,(37s 18, 19)
have reported rises in the inorgsnic phospharus exsretions of patients
sufforing from pituitery insufficiency treated with adrenceorticow
trophic hormono, thoy found that tho edministration of this hormone
to 2 normal humen mule preduced o slight docrease in phosphorus
epretion during trestuont, followed by a riee after the withdrawal
of adrencocrticotrophic hormome, It scems lilely that advenal corticsl
wtiﬂwmmmaﬁﬂﬂ#m%mmmhm
rather that sltesetions in the elimisetion of this prodest of metabalisn
mmwmmmwmmmwmu
snd protein meteboliam, If this be true, then a mild stimlation of
cortical sotivity, sush ss might result from glycine feedisg or
fasting for a ecmparatively short timo, would not be expocted to
produce en apprecisble change, The data cbtained support this view,

In the presence of the greatly increased uree formtion exititdted
by glyoine-fod anivals during the poried of glyeine feoding, ane should
not be swrprised at the inercased production of amorda ndtrogen
{Flgure b) shown by thess andmale, 7The formation of large sncube of



50

ures is asscelsted with the sssimilation of high protein diets which
in twum leads %0 ingrersed urinary acidity and msmonda, Although the
dgoalectris pi of glycine is around 6 and 1% would, of course, be
dlasociated as an acid ot body pi, it soums improboble that on amino
acid, which is furthermore s very woak esid, would romain in the cime
oulation long encugh to producs a significant dogiwe of asidoals,
Lotepeich and PAtte' ) hove dencnstrated that glyeine and soverel
other amino acids ere capable of inoressing the rate of aumoria 0egree
o in the scldotic dog, Purthesmore, there wes a correlation botween
the extent of resbsorption of the aninc acld and the incresee im
amorda secrotion assoclsted with it, The cbheervation that anmimels
fod vory considessble amomts of glyvine amreted very winate amounts
of this amino seid along with inercosed amounts of somonia suggosts
that such a mochanisn wight sccount for perd of the cbserved lmrease
in wrinery ammonda, , :

The results of these otudies, then, give support to the thoory
of incressed seoretary activity of the adremal cortex as a resalb of
Eiysine feeding, Ingis, Ward, and Mulsengs, however, have cbtained
evidence that it may mot be necessary to postulate imoreased seeretory
sctivity of the odrensls ewsept during perdeds of acubo stress’ >,
that maintensmes of resistante to stress may be qmite a diffevent
thing requiring only the presence of the adrenal eortical hormonss,
not an ineressed supply of then, Such a possibdlity was indioated
by their cbeervation thet advemaloctonized, oortin-trested rets, when
subjected to fragtures of one or both hind 1sgs, although falling te
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smrete se mich nitrogen during the firet 24 bours following fravinre
a3 did unoperated aninmuls, exgreted ammunis of ndtrogon aftor this
poriod that seemed %o depend upon tho severlityy of the sivess o which
they had beem subjocted rather thm the csount of ewrtin they were
roveiving, In these experiments, the enimels sash received b os, of
adrendl cortical extraot per day, which is rather & large dose for an
animgl s emll ss a ret, (ne wonders if thove mighi mot be & rather
eritical lovel of cartical hormome sotivity, abovo the noresd phydioce
logledl ore, requived for the suocessful meintenanse of recistance %o
struss vhioh wasg cxoeedod when thet amownt of exopencus hovmone wag
aduinistered, 7The stresses used in this work were cbviocusly rathor
sevemy widle glyvine feeding, if one is to think of it ap o stvess,
is a camparatively mild ciw, Hvidoncs has been pressnted thet glyuino
foeding may constitute 2 stress sinoe it dogs produce syspioms of
taxiotty wnder oortain cenditiens, Narbel, Gingres, and Pagétids Uy k5)
in reparting the rosulis of feeding glyeine-cantalming diets over
leng perieds of tize always refer $0 the "taxic effects of glyeine®
or "glyoins intexication®, In studying the motabolism of parenterally
adsinigtered glyeine in dega, Handlor, Kemin, and Bxrria(55) gouns
infusion of this aming acid at retos eamoeding 1 wy. of adtrogen

por kilogran por mimube to be loverisbly lethal, Houses and wondting
wore the first symptoms of texicity noted by thege werkers, If the
infusion were dissontinued at this stage, the intericaticn was roeversi=
ble snd the animals rocovered, but if glyeine adninistretion ware
sontimed wmbtil symptoms of respirstory distress appecred, the changes
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were irreversible, An animd recciving glyeine in s 4let would
mosh likoly refuce t0 o3t before ingesting emcugh o varry him 4o the
stage of respirstory dietress, tat rats recelving the glyeine dlet
have been dbeorved %o appesr mvecated upon cocasion so the possibility
of 2 texde aglion of glyelme ounnot be dismlssed, Such a poseibilily,
hovever, dose not rule cut adrenal cortical aotivity as the mediotor
of the "protein effeat? of glyeins, dut rother lende suppars to that
kypothesiz mince the stress incidont to tho ingestion of 2 texic
sabstance would be erpected to result in an astivetion of the advemal
corbex, m.amumwwmnm‘m,
producing ¢ very ceute conditieon, might result in very rapid depletion
of the supply of hormomos stored in the glend, leaviag the andml
 dependent upan the daily samfecture of hormonos, with no rescrve
mupply, during the pericd of maintonmmee of resisdance to stress, If
theae hormomes ast in or on enwymp syvtems, or an oatalysts in sowe
other way, porhups the mss setiom effects of increased plysiclogical
demends for varime substances produced under the influsnce of these
bormtnes are muffisiont to accelersts the resctlons produsing them
%o 2 conwidarshle degree 6o long as somw, not necsssarily mere, of
the eatalywt is present, Ingle doos not demy the nescssity for
ingreased adrenal corticsal secretion during the acute phase of 2
stress, Coming back to the stlmlus of glyeins fooding, & stress of
such nild dogreo may not exhenot the supply of hormones etered in the
glaunds vepidly but vather may loave sone untouched, so that, as glycine
fooding 45 eontimed, the glund would de able bo sugment its dally



oubput with some of the roscrve supply, thus producing an inercnse
in certical hormohe sotivity in additicon bo possihle mass action
effecta, It lo aduittod that auskh a scheme lp speecvlative, tud it
in diffieult otharuise to correlate Dgle's findings with respect to
mirtenanoe of resistmoe o glrese, and thia meeh be considerad in
2 three dsy esperiment, apd the remuits of the experimente reported
lea whish mabeh the effocts of inercased adremal cortical setivily
so well,

The idsa th:t glyvive adelvistretiom promotes carbobydrate
Sormetion from subetamses cther than glywins is Dot & now o8,
nakta{ ™) snde sueh o propussl seme thirty yware agu. Althosgh plyeine
umrmwn-&‘mwmmwa-m&w
botde andmel by an aucent closely corresponding o that theoretically
pesgible i both carbom atows were completely conwerted to glusove,
Daizin feli that this augmentation eould not be due o the direct cuane
vorgion of glycine to glucose sinoe nellher gigsollie esid, glyexylic
seid, nor sovtle seid exdibited sisiler propsrties, Later Retdl o’
who had boem ursutcessful in demcnstrating the converslon of glyeins
to sugar, cstablished in studies of wrinary alivogen and lamrgmuic
eullur that glycine cenpod more of ap incroase in protsin sataboligm
than did alan‘ne, He atirdbuted these findings o the feot $het alanine
was known €s be an expollent sugar former while sooerding te his
findings, glycine was not, 50 that an anisal wecedving alaning was
not foresd to &raw eo besvily upon body proteine for econversion to
sarochydrate as wos an andmal given glyeine, M'W,-l
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Hal P), using glyoins labeled with € fn the cmbaxyl group, ware
shle S0 eetablish definitely thad glyoins earben embered into the
farmotion of liver glycogen to & small degree, scoording to thelr
caloulstions to the extent of 1 carboxyl carben fros glyeine far
overy 29,3 normal carbon atoms, They also postalated a promotic of
glycogen formation fyrem other body constitoente a8 @ result of the
ingestion of glyeime, The sppearance of the carbeyl earbon of
Qyoins in liver glyoogen has beon confivmed by Sakend(69) wno cbtained,
in addition, good evidemos that the emtry of glyeins into glyeogen
procends by way of serine, o dver no conclusions, however, as to
the extent of the entry of glyeine carben imbe glyvogen or to the
stimlation of glyvegenesis from gources other then glyeine, In

the work of Sakmsi, 88 in that of Cloen ot al.™) giyeine was Liveled
in the carbeayl group with (%), Timg althengh 4t was defimdtely
established that the carboxyl earbom of thab smino scid wae utdlised,
ot least to soms extent, in the synthesis of liver glycogem, no
diroot evidencs with respect to the owcarbon was availsblo, This proe
blen was abtesked by Damet and 7ok(Sd) who administered to rate, by
gavege, plyeine lebeled with T in the ewpositieon as well as glyeine
labeled in the carbexyl gvoup with that isobope, The results cbtained
using the earbaxyl-labeled auid were in emellent agreement with those
of Gloen, Hemingway, and Nier{ ) in that they fomd the carbagi
ocarben of glysine to ecntribute about 1 esrbon sbem for cach 25
carbem atoums incorporated inte liver glycegen, wheress (lsem et ol.
bad found 1 carbemyl curbon frem glyuine to each 29,3 mommsl eavben
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aboms of glyoogen, A fev glyvine labeled in the swpasition, Dermet
and Slok found that L cut of each 8,5 carben atoms of glyoogen arese
from the cwarbon of glyeine, They were shle to draw no conclueions
from their results, howover, reloting to the controversy over direct
comversion of glyeiss carbon to glyvogen carbon as cpposed o the
stimlstion of glyoogemesis £res other sowrosg,

sideroble Light upon the intermediary motsbalism of glyeine end peint
out possible scurcss of the extra earbon atams found in cavbaigdrate
following clyeine fesding, In the work of Sekmwl Just mentiemed(50),
not ooly did he demonetrate the sppearance of the carbegl carven of
glyeine in liver glyuopen, tut he also found that, after foading

oAb Laveled formste similtencously With glyeins sontaining O in
the carboyl group, he eould isclate sorine rem the livers whish
omtained O in the embmyl growp and M in the puposition indloute
ing that glyeine can bo converted to sering by flxstion of formate,
Sings the puposition of serine eamtained mo T at all, it wos cone
clnded that this carbon atem doos nct arise from formete by COp
fization, 4 later vaport by Sekend(89) has presented ovidence that
the cecarbon of glyeine itself, after dsamination and decarbamylation,
is capeble of contriduting famate o farmte derivative fer the
saversion of glyoino to sewine, After sdminipbering glyeine lebeled
wth G in the swpositim, by stemseh Wibe, to rets, Saimsd isolsted
sorize with O™ in both the e- and pepositions, Purthermore, he found
nearly ss mch solivity in the Beposition a8 in the ewposition,



Serine is an eweellend gluecoss farmer and this cootribution of the
sepirhon of glycine to both the ce ad Pepositions of ssrine hee lod
mmﬂ“’um;mmmr«:mmﬁ
of giyeine %o glyvogen as o exglanstion for thedr cbeervetion thet
the eecorbon of glyvine enters indo glycogen te a grocter arbtent then
doss the carbaxyl carbem, Glekevits and drcesherg(™E) have eonfirmed
much of Sakamd's work dn tracer stadies carrisd outl using rat Liver
slivesy Thay found thut lebeled fevemto plus wnlebeled glynime
geve sarine labeled in the pepositdon, that the cwcazbon bub not the
carboxyl carbon of glyedrm appeared as fommbe, and that ODp was
#ob reduced to formate, iUnder thelr experimental conditions, at
least, the yredection of formate from the c-garbom of glyoine was not
roversible bal the formete could sondense with glyeine to give serine,
nﬁMutmﬂMmetmmmawmm
ansordbioaily and serchloslly, 15 was oencluded fyom the percentege
of radionctivity in the pucmben of sering relstive to the total
radioastivity of the sering that thore is mmother sourae of formate
in the fosbed rat liver elice whish is more ective enmerchleslly than
serdbically, Very soon ihereefter, Seiad(?) reported the iselotien
of perine ecntaining OM8 In the peposition from ret Livers following
trestammt with cL mpthyl-labeled chaline, indicating that ab least
one of the mothyl groups of that copound may eentridule famete {0
condenaation with gyelne Yo give serine, It was also sujgostod by
Galand that the metiyl gronp of methienine might aleo serve a8 o
formie dosor sirece 1% is trensforable to choline, Olokevits and
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trverinere!©2) had alse been condusting & series of imvestigations inbe
this probles using liver slices, 7hen either C1 metiyl-labeled
msthicnine er CH' Nesothyllabeled chaline wero used, both formate
cortaining CMF and sarine with ¢ in the pposition were isclated,
Thelr data aleo suggest that the sothydl group of mothionine may enter
this reaction through sems intermediate step o steps, moet lilely
via choling, Farmate productian from gholine was grester anacrobically
than serdhically suggeeting that this way be the extre-glycins source
of the pecarbon of sorine which hed fevmerly boen shown S0 be move
active under those corditiansl), cther pocsible extra«gijeine scurces
of the pecarbon of serine hewe beon sugposted, Sekasd(h), using

™4 Laholed aostone, hes denonstrated that this compound is capable
of contributing the pesarbon of serine end the labile metiyl groupe
of methicnine and cheline, Sineo O mothyl-lebeled asetate fuiled
%o yiald sueh remlts, it wes concluded that acetane utilisatimn involves
eloavage 1nbo avetate and Tormste ar formate derivatives and the
formate molety emters inte the blosyntheais of serine, methionine,
and choline while the ssstate porkion follows other mtabolis pathways,
Maltser and Sprinsen'©3) have recontly reported the cleavage of
threonine in vive to yield acetate and glyeine, a pwocess which might
gerve as an indirect source of glyeire to enter inte sarine formation,
That conversion to serine is indeed an isportant step in the intere
modiary metebolise of glyeine is furtler ompbasized by the recent rew
port of Oreenberg and Harris(%6) egtamlishing that glycine is not
reduced direstly to ethanclamine but thab Yids provess procosds ingtead
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instead via the intermediate furmation of sewine firem glycine feliowed
bty decarbarylation, Also Sprineont50) nag found that the secarben
of glyecine enters into the farmation of acetic and sspartie acids in
the intact rat, amd it is likely that these reactions also proceed
via serine although this has not been proved as yet, leskay et
81,670 noted some years age that the peak of liver glysogen formation
by fested rats given glycine wos not veached until 1 hours after
@iyeine administration, This delay might well be a reflection of
the fact that glyeine met procced through scse intermediate compound,
sueh as serine, before being cciwerted to glyccgenm, It may well be
that the inoreased retention ef nitregen by glycinewfed snimals as
ocspared to sontrol-fod animals during the firet experimental day,
which was found to ocour in the experiments reporded hero, also
results from the metabalism of glyeine via sose roundabout patimay,
such a2 an imidial conversion teo sorime, At any rate, there sceus
1ittle duubt that the formotion of serine represents an important
process in the intermediasry metabolisn of glyeine,

Uhile the c-oarbom of glycine itself is cepable of lurnishirg
the pwsarbon to another molecule of glyeine %o form serine, there are
also several othor possible scarves for this cavbon atom such as the
labile mothyl greups of methicnine and cheline, acebme, and possibly
flyeine derived indirectly from the cleavage of tiweonime in the beody,
When the animel is presented with » luarge load of glyvine %o wotow
balisze, whioch is tha situetion with the feeding of & diet ¢ontaining

10 per cent glyeine, all possible sources of pecarbon atams for the
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synthesle of serice mxy be called upem %o 3 very conpiderahle degres,
Although the atheshment of another carbon edom %o glyeine from an
extre.glycine gouree csuld secount for aome of the wot gain in
carbolyirate carbon as eocpared %o glyoine carbon provicusly noted(6),
one caxnot assums & not gain of one cerbon atom per molecule of
glyeine from such processes. In the prosence of such a sischle

1oad of glycine, seme serine would surely be formed by the condene
sation of formate ariaing from Uw oecarbon of one molecule of glycline
with another molecule of glyvine, Since Sickevits and Greemberg
nave shoml5:) that the carbaxl carbon of glysine ie not metebclized
to formate but probably to CO0y, for cach meleeule of serine formed
from two molecules of glyoine, thers would be a less of oo

carbon atom, OSuch & loss would offsct, either partly or wholly,

the gain of & earbon atom sccompanying serine formstimn Srom glyeino
and Tarmate from an extra=glycine source, Thus it scome unlikely
that the symtheeds of serine from glyving,; followed by ithe convers
sion of sorine o earbdydrate, could account entirely for an enhancew
mont of carbobyrrato reserves of the magnitude of that cbserved
after prefeeding of the glycino diet, It is interecsting to specu
late, however, upon the possdble fate of the regidue remmining after
a campound hag supplied formate for serine formation, ¥For example,
after utilisation of the methyl group of methdonine to supply forsate,
& residue of hemocysteine is liksly, If this ccapound were to be
comrerted te carbohydrate, it could make an apprecisble ownitribution
to the giyoogen stores, If formato for serine fovmation were derived



frem asetene (arising in fat wotsboliss) o from threonine {via
cleavage to give glyeine), o residus of acetate would be left,
{wddation of acotats tims produced wis the trisarbexyiie seid cyels
could exart o sparing sction upon carbohydrate steres, If mothionine
and threenine were isportant participants in the scheme of metabolism
of glyeine via oerine, the sssimilstion of large amcunts of glyvioe
might be expectod to require the withdrmml of thess amino acids frem
tissue proteins to some extent, Such e withdrawal would, at the
same tine, releass other amino acids which eould not be retained

in the tissues in the sbeence of sufficient metlionine and threonmine
and these, in turn, might also enter inte the glywogenic process,

1t is ivderesting to note that Mackzy and assoeietes'ST) feund glyeine
%0 produse, evembually, higher liver glycogea levels than with glue
cose o dlealanine although the dosea of the three ¢empounds were
adjusted so that their carbon egmivaleonts were the samo, and the peais
of glyoegen formation froo glucose amd di-alanine were nesrly the
same, JAlthough this Taot did not eszape their attemtion, that group
felt that the conditions of their experiments did mobt warrant any
sonclusions as %o the significance of this dbservotion, It is
povertheloss vory suggestive of & stimlation of glysogen synthesis
from materisls other then glyeims, perhaps through & ebain of events
sush as that just cutlined, OSueh a process is, of courss, only
thomretical at this time, 1t is known thot the patiway through serine
ie s» importent cne in the metebolism of glyeive, that glysine may
eondonse with formate from several possible sources o yleld serine,



and that feeding dlets eontaining 10 per cent glyvire results in
improved carbolypdrate reserves after & fast, Ib seems probable that
serine synthesis fyro= glyeine plays a rale in this stimlation of
glycopenesis, but it hes not yot been demonstrated experimentally,

I ane cosumes for the moment that this pathway is important, a
guestion arises o3 to the relative contributions of serine itself and
of compounds arising ss by-preduste in the synthesis of this amine
acid to the glyecogen stores,

The importance of the adrenul glands to the "protein effect" of
glycine wus demonstrated esrly in this series of investigations Wy
the failure af this response to appear in adrenalectomised enimals
and the thocry of an enhancenment of adrenal cortical sotivity bas
been strengthensd by the results of tho urine studies reported here,
Certainly 4% is reasonable to suppose these hormones to exert some
attion wpon processes such as those suggested in which geveral amine
agids partisipate, If one assuses an increased supply of cortical
hormonss %o be reqired in producing the "protein effoct” of glyeine,
awﬁm&muﬁm»uw%wtm-lutwmmw
this extra ameunt of hermoneg, It muy be thot the presentation
Yo the animal body of & large lcad of amino acid itselfl serves a8 a
stimive for cortical sotivity, with tiseve protein mobilization
concondtant to eueh an iroresse in cireulating hormones, The appear=
ance of aymplons of texieity with the intravencus infusion of glyoinet5)
coupled with the chservation that formete is sotually produced in
blologieal systems in $he bicsynthosis of serine from glyeinel b 63)



lssd to an interesting hypotheeis, Forhepe the essimilabtion of a

large amcont of glycine sy result in the production of suffisient
formate to reeoh toxio lewvals, thue activeting the adrensl cortices
whigh in twn bring abend the mobilization of tissue protoins,

There is, them, good evidenco in suppert of the theory of enhanced
adrenal cortisal activity as a result of glyeine feeding, but the
exact stimnlus for 14 and the site o asiten of cetion of the hormomes
ave mot known, Also, little is known comcerning the provesses of
intermodiory meiabolisn invelived in producing the “protein effect”
of glyoino, but the formation of serine by aminale receiving the
glyeine dict sppears to offer o fertile field In the further investls
gation of this problems
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Earlier investigotions had established thet rals prafed dists
eantaining 10 or 15 por cond glyoine mintsined thalr carbohydrate
regsrven mueh more #fficientiy when evhjected %o stress tham pairfed
cantrol rats prefed diets simllar ir composition exsept for the
substitution of an equal weight of carbohydrate for glysine, The
sheonee of such & resporss in adronslectomized anisals was prosunpe
tive evidence for the mediation of this effect by the advenal corticss,
poseibly Shrough increased pocretory activity, Investigations inte
the extent of tissue storage of glycline during the feeding of that
amiro acld disclesed insufficlent reserves of glyeine %o scomunt for
the nst wwess of carbohydrate found in the bedles of glyeinewfed
anicels as compared to sontrdlefed anisals after insulin, assusing
the glyeire carbon 40 be campletely transformed te carbohydrate
carbon,

lore direct evidemee in support of ineressed adrenal cortical
asctivity as 3 vesult of glyeine feeding wos sought from careful
studies of the daily wrirary emsretions of variocus substances by
animals prefed the two dists and comparing the chunges noted with
tho reported results of trestment with adrenz) cortical extmact,
adrenal cortical storeids, and adremccorticotrophic harmone, FPrevious
work indicated that studies of tho total nitrogem, wric asid, creatine,
ereatinine, and inorgenie phespherus exoretions should be of value
in such a comparison, In addition, outputs of urea, ammonia, and
glyvine ware investigated, Two animals were given the cantrol diet
for 5 period of 2k hours after which one suimal was changed to the



glyeine diet while tho other contimmed t0 receive the contrel diet

for a period of b8 hours, At the end of this time, both animils wore
subjected to & fest of 24 hours, The wrine exoreted by esch rat during
each 2 howr period was cnalysed for all of the substances wentiomed,

Since the substitution of glyeine for carbohydrate in the diet
inoreases the nitrogen contont of the diet, animals recelving this
retion exoreted wore nitrogen then did their pairwfod eontrols,
However, when nitrogen exoretions were compared with nitrogen intales,
it was found that amirals recelving the glyeine diet retained sipgnifie
cantly more nitrogen during the firet day of glyeine Teedirg than did
controlefod animals, During the second day of glyeine feeding, rete
ingesting that dict appeared to retain somewhat less nitrogen thanm
anizale ingesting the control diet bub the difference wes nob signifi-
sant, Upon belng subjeoted %o & 2h howr fast, rats prefod the glyeine
diet exoreted significantly more nitrogen than rate prefed the control
dicty the net excess of nitrogen exsrotion sccounting for an additiomal
loss of nore tham 2 grame of body tissue in a 290 gram rat,

Urea production by amimsls receiving both diets paralleled the
twotal nltrogon cxeretion quite closely. Increased emcreiions of
other nitropencus ccmpeunds by animals fed the glyeino diet resulbed
m“mmnin-ummm:mtrwawmd
endmale,

Ammovida exoretion was found to bo significantly increased by
glycine foeding during the feeding peried, but the differemces in
amonds cutput by animals receiving the twe diets dlsappeasred during
tho 24 hour fast,
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4 slgnificant rise in wrie acid axoretion cocurred as soon as
glycine feeding was initisted and contiwmed through the fssting day,
Since there wis essentially no change in creatinine cubput as
result of glyuine foeding, the wric asid 1 ereatinine ratio for
glyeinowfod andmals was incressed,

The ingestion of glyuine resulted in & striking inerease in
oreatine exerction which was well mainteised through the fasting
anys

§o significent changos in the awmretion of inorganie phosphorus
wore found ‘o coour,

The urinary exsretion of glyeins by snimals receiving the glyoine
diet was scoswhat greater than that of animals receiving the centrol
diet and this difference became significant, from s statistical
stondpednt, duwring the second emperimental day and contimed thus
through the fasting day, Eowever, the sotual asounts excreted were
so small as to meke the inereases of negligible ispartance,

Thege results sre discussed in the light of provious findings
with reepoct to the offects of adrensl cortical sotivity and it is
conbiuded that they offer good evidemce in suppert of the theory of
inoreseed searetory sctivity of the adremsl sortices as a result of
Elyvine feeding, Algo, suggestions are madsy with regard $o0 possible
pathuays of internediary metsbolism, such sp the conwerglon of glyeing
to serine, which might be invelved in the "protein effect® of glyvine,
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