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INTRODUCTION

There are numerous environmental factors which may influence the
acoumulation of liver glycogen in unfasted rats and the maintenance of
liver glycogen in fasted rats. The amount of glycogen deposited in
the liver of a well-pourished animal depends on the composition of the
diot consumed, the season of the year and assorted other conditions,
some of which are unknown. The level of liver glycogen found in
enimnls fasted for 2l hours was found to be uniformly low Ly such workers
a8 Barbour, Chaikoff, ot al.n’) who maintained their experimental animale
on high cerbohydrate diets. Other early experiments indicated that
liver glycogen could also be reduced to very low levsls by exposure of
animals to cold, exercising them, eto.

Hynd and Rotter(?) performed one of the first experiments dealing
with the influence of diat,‘ per se, on the carbohydrate metabolism of
fasting rets. These authors found thet on & earbohydrate~free diet
rats showed lower liver glycogen levels than did the earbohydrate-fed
controls both before and after festing. Similar results were obtained
by Mackay and ﬂnrg-m(” who maintained rate on low and high protein
dists. Before snd after a 2~hour fast the animals which bad received
e low protein-high carbohydrate diet showed the highest liver glyocogen
values. This was slsc demonstrated by Bollman and ‘ﬁna(w in dogs.

It should be mentioned, however, that in all of these experimoaf: the
animales were mmintained for aoﬁaidemhla periode of time on the reatricted
diste and that some of the high proteian diete did not contein an adeguate
supply of B vitamins. It has been shown that & high protein intake
necessitates a high B vitamin intake if the most ef'flcient utilization

of the diet and the optimum food consumption are to be obtainea(3’,
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Until 1938 it was generally essumed that & high carbohydrate
diet would producs the optimum accumulation and smintenance of oarho-
hydrate reserves, The first suggestion that a high protein diet might
e supsrior to a high carbohydrate one in the maintenance of carbow
hydrate reserves during fasting was made by Iirski, Rosenbaum, Stein
and ?{arth-imr%} + They stated that ", , . the carbohydrate reserves
which are laid down on & protein dlet behave differently from those
deposited on a diet of high carbohydrate.”

These nuthore found that in animels mainteined for from § o 12
days on dlets contalning from 20 to 90 per cent caselin there was little
difference in the blosd mugar or musgle glycogen levels immediately
after the feeding period. but thst the liver plysogen ssntent af the
carbohydrate~fod animals might be four times as high es that of the
protein-fed rats. AL the end of a 2l~hour fast, on the other hand,
animals maintained on & high carbohydrate diet (elther whoat or a
& per cent oasein synthetic ration) showed liver glycogen levels of
legs than 0.10 per cent compared te & level of one per cent in animals
fod meat or 70 per cent casein. Insignificant differences in bloed
sugar or musele glycogen were observed after fasting. This capacity
of a high protein diet to maintain liver glysogen raseﬁu during & 2l
or lf~hour fasting period was termed the "protein effoct.” This effect
oould be detected as early as 12 to 15 hours af'ter the last food intake
and was still evident at the end of a L8ehour fast. AL the letter tine,
however, ths control animals showed liver glycogen values of around
0.30 per ocent.

Parther experiments by Mirskd ot al.(5) showed that under other

canditions which ordinarily deplete the carbohydrate reserves of the
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liver, the "protein effect" was evident. Animals were eéxposed to eold,
mmamﬁd. injected with paratyphus B ete. In each omse the
animals which had received high protein diets were betier able to maine
tain and regain liver glysogen reserves.

Work oxperiments wers conducted and it was found thet while immede
iately followlng the work period the carbohydrate reserves of all anjimals
wore very low, there was & more rapid rate of recevery of both muscle
and liver glycogen in the gra’;‘min-fud rabi.

& threeeday fasting experiment was performed. Significantly
larger amounts of nitrogen were excreted during the first two days of
the fast by the anlmmls which had consumed s high protein ration. By
the third day the difference had decremsed but wes stil) sigmifisant.
The total acstone exeretion of the proteinefed animals wes less than
that of the carbohydrete controls, At the end of the a:pcriﬁmt the
liver glycogen levels of both groups of mimin averaged around one
per cent.

It was shown by Mirski and co-workers{®) that the "protein effest®
is abolished by the removal of the sdrenal glands. This is searcely
surprising eince there is much evidenes that the edrenal aaﬁex is
intimately essociated with cerbohydrate metabolism, particularly during
fasting. Long, Katsin, and nyw} have shown that slthough adrensl-
ectomised animals are oapable of normal carbobydrete metabolism while
fed, there is & rapid disappearence of carbohydrate reserves and
diminished nitrogen exeretion in these animsls during fasting: The
significent deorease in nitrogen exoretion has also been pointed out
by Bmsga). Fur thermore, it has been demonstrated by Wellnig) that

adrenalectomiszed animals are able to metabolize dictary protein but



wmble to metabolise Cissue protein during faating.

According to #irski{®) the mintmun lovel of protein in the diet
eapable of elisiting e "protein effect” is 50 per cent, and the optiwmm
level is 70 per cents Theee workers found that as litile as 24 hours
of high proteln feeding sulficed to produce the effect, and that high
carbohydrate feeding for this length of time elimineted it. They were
unsble to explain the mechanienm of the “protein effect" but concluded
that "sn intensified glycomeogenssis 46 the most important esuse of
the phenomena desoribed.”

Thelr findings in regard to the offect of high protein diets on
the 2li~hour fusting level of liver glycogen in rats have been confirned
by Newburger and Brown’*%’, and Masen Guest' ’’. Zhe latter used a
more careful technique for contrelling the length of the fasting period
and found that within the imevitadle limits of individual weriantions
the liver glyeogen levels of rats dould be controlled by varying the
composition of the diet.

Sinee there were no reporte in the liversture regarding the possidle
"protein effect” of individual smino acids the work reported below was
undertainan,

PROBLEM
Individual amine eacids were lacluded in an otherwise satiafactory
synthatic ration. The liver glycogen levels obteained alter prefesding
these diets were determined after warious faeting periods. In short,

the oapaoity of these raticns to olicit & "protein effect” wms investigated.
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EXPERIMENTAL

Animals. Albino rats of the Sprague-Dawley strain were used ex-
slusively. 8ince Bcuol(m) and others have shown that sex influences
the rate and amount of glycogen deposited in rats, only male animals
were employed. Heyman and mmug) found significant differences in
the liver snd musocle glycogen levels im rats from different age groups.
Por this reason an attempt was made to use animals between 2 and 3 months
of age. The weights of the animals varied from epproximately 200 %o
300 grams. It is nl!kb known that the liver glyeogen levels reported
for fed and fasted rats show a significant lack of consistency even
when the experimental ocondltions employed are similar. Hensce a group
of control animals was inoluded in each experiment reported here.

Rations. Colony rats were maintained on Purina Laboratory Chow.
The compositione of the control ration used in this work, and of
two typical experimental rations are indicated in Table I, It will
be noticed that in the experimental rations the emino acid (or casein)
was substituted for an equal weight of dextrin in the control diet,
but that all other constituents of the rations were identiecal. Thus
& 10 per ocent glyoine diet refers to one containing 10 per cent glyocine

and only Ll per cent dextrin.

Table I
Composition of Typieal Rations in Percentage

Control 70% Protein 10% Glyoine

Casein 16 &6 16
Yeast (Bqui.bhﬁ 10 10 10
Salt Mixture(1l) 5 5 5
Cod Liver 01l 2 2 2
Wesson 04l g 5 5
Dextrose 8 8 8
Dextrin sl L Ly
@lycine 0 9 10

sl}s3 per cent protein was supplied by 10 per cent Squibb's Brewer's Yeast
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Food inteke was equalised among exgwiwxm snd control snimmls.
The amount usually oaten was 12 to 15 grems par rat por day, aod only
data from animale which consumed the designated sumount of ration wre
ineludod here. |

Methods. Liver glycogen determinatione were mmde by the method
of Good, Lramey and Eumgyiag ) » Anlwals wers anesthetised with nexbutal.
Yhen surgioal sanosthesia had been obbtained & lomgitudinel abdominal ime
olision wag nande aﬁd the liver excised., Liver samples of from 0.5 %o
1 gram were minced inte previously weighed tubes combaining 30 per cent
XOH, Thirty to 60 seconds elapwed betwsen the time that the liver wes
excised anf the semplen emersed in the slkeli. The tubes wers again
welghad to deternine the sise of the awmples. After digestion on s
boiling weter bath, glyeogen wes mrecipltated by the addition of 1.1
bolumes of 95 per cent ethyl alechol. After approprists centrifuging
and dralning, dilute HO} was sdded to each tube and the samples hydrolysed
at 1007 ¢, for two hours. Glycogen wes determined sz plusose by the
Shaffer Haytmann method.

Results are expressed ae per osnt of wet weiyht of liver tisaue,
sinoe 1% has been found that the water content of the livers of rats
en the various diote studied, dm not wvary signifioantly, ?uhr-n{le}
has also reported that the water content of rat liver is independent
of the glycogen content.

itussle glyoogen determinations un the gastroenemius muscle wers
made in the manner outlined above for liver glyeogen.

Flan of & Typioal Experiment. Rats were removed from the volomy,
weighed, sarpunched and placed in individual eages. The cages were

egquipped with wire soresen floors whieh limited copropuagy and water



wes availeble at 61l times. For the first day sll animels received
& given smount of the control ration. This scoustome them to & synthetic
diet and leads to improved food consumption on the experimental rations.

Twenty~iour hours later all animals were reweighed and some pub

on experimental, and others left un the sontrol ration. The experimental
feeding period wac 48 hours. If the animals were to be fasted, one=
third of the second day's ration was withheld watil the last two hours
of the feeding period in order to limlt the fasting period ag elosely
as possible. Thus s 2lmhour fest might in reality be e 2he to 26Hmhour
fest, but not longer. Animels which were to be killed et O<hours fast
were removed fron the ceges at the end of the feeding period, weighed
and saorificed for liver glyoogen deteruination as dessribad abovs.
In general enimals were secrificed betwesn 8 and 11 aeme A diurnal
variation in the liver glysogen level of rats has been rapartaa(”)
but 1t is minimized if Ghe animels are not fed in such a manner that
all food consumpiion oscurs during the night.

The typleal expsriment outlined above shouwld not be confused with
the type of experiment performed when the glycogemetic property of an
amlno aoid, or other substanse, is to be determined. The work reported
here is primarily concerned with festing levels of liver glyoogem after
profesding varilous diets. If the conversion of & partioular compound
%o carbohydrate is to be determined, on the other hand, the experimental
enimale are fasted previous to the sdministratien of the substance in
guestion., In this mmaner liver glycogen levels are first reduced %o
& low level, then the capacity of ths substance to form liver glyeogen
neagured at various time intervals, The sxperiments reported here are

intended to indicate the ability of varicus diets to maintain cerbvohydrate
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reserves during fasting. They do not necessarily measurs the conver-
sion of an amino aoid or a protein to carbohydrate.

Amino Acidas Studied. Glycine, dl-alanins, l-leucine and leglutamic

#noid were investigated and the capacity of each to cause liver glycogen
aocoumlation during the feeding period, and mintenance of liver gzlysogen
during fasting was determined. The "protein effeot” of a high ecasein
diet was also studied. It was felt that the offect of a 7O per cent
protein diet on the liver glyoogen level of 2l~hour fasted rate, under
the conditions desoridbed above, should be established. %This walue

could then be used as & reference standard for the values obtained

after prefesding various amino acid diets.
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RESULTS

I. Experimentsl diets containing 35, 50 or 70 per cent protein
were studied. Data presented in Table II illustrate the type of results
obtained after feeding diets high in casein. It is evident that while
35 per oent protein exerts no significant “protein sffect," 50 per cent
protein does elieit a “"protein effeot"™ and 70 per cent an even greater
effects As mentloned previously others have found that prefeeding a
high protein diet allows maintenance of the cerbohydrate reserves of

the liver during a 2li~hour fast.

Table IX
Liver Glyocogen Levels of Animals Prefed Protein Diets,

i and then Fasted 2l hours

' Average Liver Glyoogen
Diet No. of Rats (Per cent wet weigit)
Control 8 .54
35% Protein 8 0.L8
50% Protein L 0.09
704 Protein 6 1.05

II. Glycine, or aminoacetic seid, was the first amino acid studied.
Tentatively, it was inoluded in the diet at m level of 50 per cent.

This proved to be highly unsatisfactory as the food intake was low
and the animals lost weight.

It was found that if 5, 10, or 15 per cent glycine were inoluded
in the ration the animals would eat an adequate amount and gain or
maintain weight during the LB-hour feeding period. These levels were
investigated with respsot to their capaocity to maintain Hﬂr glycogen
during e subsequent 2l-hour fasting period. Typical data are given in
Table IIX.
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Table 11X
Liver Glyoogen Levels of Anlmals Prafed Various Glycine Diete,
and then Pucted 2l hours

Average Liver Glycogen

Diet Hoe of Rats (Per cent wet welchit)
Control L 0.10
55 flycine L 00
108 Glysine H 1.20
15% Glyolioe 4 1.18

Vinile 5 per cent glyuine in the diot does not result in fasting
liver glysogen levels whioh differ signifiocmntly from the control
valuos, the effeot of feeding 10 or 15 per cent glyeine is striking.
In toth osses the liver glycogen levels, after s 2h~hour fest, are
comparable to those obitaiued in snismle profed & 70 per vent protein
dets {(Bss Tabls II)

Sinoe casein costains less than one per eent glyeim{m) it ws
folt that one or mere other amino sclds might be capable of eliciting
a "protein effect.”

IIZ. Casein ovutalns approximstely 22 per vent glutemic aei&“a).
This anino aoid was studied next. It was fed at 10 and 20 per cent
levels, or in amounts spproximtely equimolesculer with § and 10 per
ocent glycine reepectively. The liver glyeogem values found ars
11luetruted in Tuble IV. 1t is apparont that at the levels studied
this aning aeid doos not stimulate the maintensnce of liver glycogen
during & Sihour last.

Table IV
Iiver Glycogen levels of Antmele Prefed Glutamic Aeid Diets,
and then Fasted g hours

Average Liver Olycogen

Dlet Ho. of Rate {Par cent wet weight)
Control L [ P
107 l=iflutamde L 0.2

209 1=lutamie é 0.27
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IVe Alanine is svailable in cusein in considerably lerger wsounts
than glyoine, and remenmblos it ia structurs. It was investigated at
lovels of 6, 12, 18 and 2 per cent. The first three are eguivalest
to 5, 10, and 15 per oent glyoise. Table V presests the typs of dats
rogularly cbtained when 6 or 12 per cent di-alanine wers fed.

| Table ¥V
liver Glyeogen levels of Animals Prefed dil-Alanine Dists,

und then Fasted 24 hours
Average Liver Glycogen

Dlet Hos of Rate {Por oent wet welght)
Control L 0.2
&4 i~planine L 027
128 dleAlanine b 0.10

1t 18 clear fyom the above data that nelther 6 nor 12 per cent
@-nlanins in the dich olialts any "protein effect.” In Tebie ¥y are
reported the results obbained in two experiments in which 18 per cent
dl~slanine wes fed, and one in which 2 per cent dl-slenine sae used.
Table Vg
Idver (lycogen Levels of Animals Prefed dleiAlanine,
and then Fasted 2l; hours

Average Liver Glycogen

Diet fioe of Kate (Por cent we wel ght )
Control L 035
18% @~Alanine L D83
Control h 0.6
18% dleaAlanine L 0035
Control L U35
23t Aealsnine L 0.50

The above data show that 18 per cent dlealanine slicits an ine
consistent effest. In the first experiment above, 81l experinsntal
animels had liver glycogen walues above the control lewel., In the
socond axperiment all of the experimental animals showed lower livey
glyeogen levels thmn the controle. In still other experimsate with
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this level of dl-alanine the values obtained have ranged {rom below

the control value to one per cent, in a particular group of experimental
animela. The effect of prefeeding &l per cent dl-mlanine seems to be
somewhat aimd.lur.

Ve 4 limited investigation was made of the effect of prefeeding
l-leucine. It was found thet & 17 per cent l~leucine diet (approxi-
mately equimoleoular with § per cent glyeine) showed no “protein effect.”
Ho data sre available on the posaible “protein effect™ of this amine
acid at other levels.

VI. 1% was thought that the liver glycogen levele of mnimals
immediantely after feeding verious diets mlght relate to the liver
glycogen levels obteined after a 2~hour fast. Figure 1 illustrates
the total lack of vorrelation found.

¥Ii, 1In Table VI the totsl nitrogen contents of some of the diets
studied are tebulated end the Mprotein effect™ of the diets indicated.
It is evident that no correlation existe (except in the cmﬁa of the
cngein diets) between the total nitrogen contents of the diets and

their capacity to maintain liver glyecogen during a 2i=hour fast.

Table VI
Total Nitrogen of Diets Studied and “"Protein Effeoct"
Total B

Diet {Per vent) "Protein Effect”
Control Fol -
10% Glyeine 5.07 -+
12% dle=Alanine 5.08 e
20% l-Glutemie 5,10 e
17% l-Leucine 5.03 -
35% Protein Seib e
15; Glycine 6,00 ++
18% dl-Alanine 6,03 *
50% Protein TTT +
70% Protein 10.85 ++



FIGURE )
Liver glycogen levels of
animals prefed warious diests
for 4B hours, then fasted

0 or 2l hours.
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FIGURE 2
Liver glycogen levels of
snimals fed 107 glycine or coxzti'el diet
for I hours, them fasted

16, 2L, 32 or L5 hours.
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VIiie A sumary of some of the dats gbtained from animals fed
glyoine or slaning diets ie presented in Table VII, The dete show
eonelusively that in some mauner 10 or 15 per cent glyeiune, when ine
sorporated in the retion for a lfS=hour feeding peyiod, canuses con~
siderable avcunulation of liver glycogen in fed animmls and maintenance
of liver glysogen in anlmals which have fasted for 2, hours. On the
other band, 12 per cent dl-mlming causes an extraordinary socumuls-
tion of liver glycogen in fed animals but no maintenanse during fasting,
while 18 per cent dlealanine behaves in an unprediotable manner,

Table VIX

?ypimi Liver filycogen Levels of Kats Prefed Diets LO hours,
Fasted O or 2 Fours

Moan Liwvar Qlvencen (Paw asvbk Tet Hel ﬁ:’““
SRS Shew T Wmgp v wppee gw e wowes o oW v g,

Hours Pasted
Diet % ‘
Control Fe9(1L ) 0.33(30)
10¥ Glyeine L.2{8) 1.10(21)
15% CGlyeine » 3.!%13) 1.17(16)
125 dl~Alanine 5.0(8) 0.36(23)
184 dl-Alsnine 300014 ) 0.56(22)

*Pigures in parentheses indicate mumber of snimmls represented.

IXe 4n attempt has been made %o deteraine the possible msobanlan
of the "protein effect™ of glyoine. Swimming experimeuts were conducted
and the rate of mmar:r of liver and musole glyeogen after the exe
hausting exercise was dotermined. It wap not possible to show any
inoresss in rete of recovery in anlmals which had beea prefed glycine
nor was it possible to eoulirm mrakimf&) results in this pertioular
regard with high proteia diets. |

It maa thought that if' the liver glyosgen levsl in enimals
profed glysine were to drop .npproaiubiy during the &y-hour fusting
period, this might serve ae a stimulus for glyconsogenesis and aocount



for the high liver glycogem levels found after a 2li-hour fast. Figurs 2
shows that during the 2i~hour fasting period the liver glycogen levels
of animals prefed glyeine do not eppear to drop as rapidly or to as low
levels as do those of the sontrols.

As pointed out prwﬁmsly{@ the “protein effect" camnat be cbitained
in adrenalectomized animnii. Preliminary data obtained in animals
adrenalectomized by Mr. Lew Cunningham show that the effeot of glycine
is also abolished in the absence of the adrenals. Sufficient data sre
not at hand to indicate whether tho adremal gland must be intact {or
cortivel extract supplied) during the feeding periocd as well es the

fasting period in order %o obtain the “"protein effect” of glyeine.
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DISCUSSION AND CORCLUSIONS

The verious points in the followlng discussion are taken up in the

order in which they eppear under resulte.
I. The "protein effect" of & 50 or 70 per cent protein diet

(cazein and yeast) first reported by %aﬁr:ki(é} and later confirmed by

(10,11) has been reaffirmed. The mechanism of this effect is

6 ,
not understood. According to lﬂrski( ) it results from en inoreased

others

glyconeogenesis. Paschkis and sohwoner'3?) nave reported that there
is e prinoiple in the snterior pltuitary, distinet from the growth
hormone, which regulates protein metabolism. They sey that the stimu=
lus for the seeretion of this hormone is protein feeding. It has also
been reported that feeding excess protein leads to nitrogen retention

(20)

during the first days of the feeding period and that animels which

have been on & high protein diet exerete significantly larger mo\mﬁ
of nitrogen during the first 24 to 4§ hours of a fast than do carbohy-
drate~fed mﬁmlam’gl'm) .

The "protein effect"™ camnnot be obtained in bilaterally adrenal-
ectomized animals{®?, This is to be expected since the adremsl glands
appear to be essential to the maintenance of oarbohydrate reserves in
festing mnimals regardless of the previous diat(?'g). The explanation
of this lies in the glycostatic oapscity of the cortics)l hormones and
their role in glyconeogenesis in fasting anina1sl9>23:24)

A possible explanation for the "protein effeet” involves the
assumption that there is increased protein anabolism during the feeding
pericd due to the seeretion of the anterior pituitary hormone deseribed

(19)

by Pasohkis and Schwoney and that protein is rapidly mobilised and

converted to ocarbohydrate under the influence of the adrenal cortioal
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hormones during the fasting perlod. This explanation, however, lacks
proof and does not take inke aveount the fact that & decrossed rete
of glyoolysis may also be instrumental in producing the "protein effost.”

I¥e It hao been demonstrated shat wiile § per cent glycine inoluded
in an otherwisze satisfactory dlet hes no influenee on earbohydrate wain-
temance during fasting, raticos containiang 10 or 15 per cent glyeine
oliclt a "proteln effect” similar to that resulting from a 70 per cent
provein dlet. The mechanism of the "protein offect” of glyciue is also
not understood. Disoussion of the possible mechanisme will be deferred
to paragraph IX.

Iil. The data show that if l-glubamie acid is fed st levels equi~
moleculay with 5 or 10 per seat glyoins no "protein effect” is demone
strable. The possidle effust of this moid if fed at higher lovels has
not been investigated. why thin oxcellent glycogen former dows not
ellieit n "protein effect™ at the levels studied is not clear.

IV. Vhen di-alanine is fed at levels equimolecular with 5 or 10
per vent glycine, no "protein effect™ is obtmined, If the luvel is
inereased to 18 por vemt (approximstely equivalent to 15 per ceat
glyoine), howaver, an inconsistent wffect is dewonstrable. The great
individual differences found in animals prefed 18 per cent dl-alenine
are net easily axplained,

V. It was found that l-loucine when fod at a lovel spproximately
oquimolesular with ¢ per oent glyeine is incapable of wmaintaining liver
glysogen during . subseguent i-hour fast, Ko date ie aveilable on the

possible offect of this woid if fod at higher levels.
| VI. It wms thought that the level of liver glycogen cbtainsd st
O hours fast might be yelated to the level found after & 2lw-hour fast.
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Inspestion of the data reveals sbsolutely ne correlation between O-
and 2lp-hour fasting liver glycogen levels. This indicates that the
mechanism of the "protein offect”™ must be sccounted for by more subtle
means then a simple, constant glyoogen withdrawal during fasting.

Vii, Sinoe & 35 per cent protein ration produces no "protein
effect™ while S0 per ocent protein slicits a significant effect, and
70 per cent a marked sffect, it was thought that the total nitrogen
econtent of the diet might be s determining feetor in relation to the
"orotein effect.® With the exception of the oasein diets, however,
no correlation existes between the nitrogen content of the diets
studied and the “"protein effect™ elicited by them. Ten per oent
glycine, for example, elicits a significant "protein effect® while
roughly equivalent amounts of dl-alanine, l-glutamie, end l-leucine
do not.

Viil. The data obisined from animales prefed warious levels of
glyoine or dl-alanine emphasizes the fact that though dl-slanine is
capable of causing normal or excessive ascumilation of liver glysogen
during the feeding period, it does not elicit a "protein effect™
somparable to that exerted by equivalent amounts of glyecine in the
diet. This data also indicates that the glycogenetic ocspmoity of an
amino aoid is not a oriterion of its ability to elicit a "protein
effeot” at the levels investigated. There is e growing feeling that
glycine is mot converted to carbohydrate (see IX) yet glyocine elicits
& consistent "protein effect.™ Alanine is generally considered to be
an exoellent glucose and glyoogen formey but is of dubious wvalue in
maintaining carbohydrate reserves during e 2h~hour fast. This last
etatement alse mppliss to l-glutamic acid.
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I, Some further lavestigations were made regarding the effect
of giyeine ob the oarbolydrate ressrves ol the liver in exercised,
fastod and edranalootonized aninala.

The rapid recovery of liver and muscle glysogon found by Hiuki(é’)
in protein-fed animls after exhausting exervise could ot be danogw
strated in animels which had roceived glycine diets.

it was found that during thes fasbing poried followdsp glyeins
fowvding, no rapid decrease in liver glycogen osceurred which might have
soted as & stimulus for glyconsogonesis,

The removal of the edranal glands resulted in the slimination of
the effeot ordinarily exerted by glyoine, This is consistent with the

well-kaoms funotlionsol adrenml oorioal Normonese

The “protein effect” of glyoine is not understood. It has baen
polnted out that the total nitrogen countent of the dist is not the
detoarmining fmctor though it may be related to the "protein effoct”
of the high protein dista. %The Q-h#ur liver glycogen level is mot a
dotermining fmctor. Tho glycogsmetic properties of an amine aeid
do not determine ite onpacity to sllieit s "protein effect."

It has recently been shown by Oleen, Hemingway and l’lwiﬁ) that
if glyeine ocontaining 012 in the cardexyl group is sdministered %o
fasted puts, very little of the isobope appears in the considerable
liver glyocogen deposited. During the 16 hours followlng the adminisw
tration of the amino sold, however, 50 per ceat of the tagged sarbon
may b isolated fron the resplratary GOy« Those authors conclude that
glycine stimulates glysomeogenasis froun other molesules. This confirme
Dakin's{®8) qariier thoory that glycine is not converted to carbohydrate
bt stimulates ;iycamomc#ma



The work reported here may be construed as further evidence for
the stimulation of glyoomeogenesis by glyoeine. It is spparent that
the adremnal cortex is essential to this process; in fasting animals,
but the mechsnism and site of action are not known. It is clear that,
under the conditlons employed, glysine ie able to cuuse the msintenance
of liver glycogen durinsg s 2h-hour fast, that neither l-glutamic aeid
nor l-leucine behave in thie meoner, while dle-alanine is only somewhat
effeoostive.

SUMMARY

The capaoity of a high protein diet to maintein liver glycogen

in rets during a 2l=hour fast reported by others{6,10,11) has been

| coufirmed, This phenomenon is referred %o as the "protein effect.”

4 marked effeot on carbohydrate storage in raﬁt during stervation
has been demonstrated as a result of prefeeding glycine.

After consuming & diet containing 10 or 15 per cent glyocine (re-
placing an equal weight of ecarbohydrate in coutrol ration) for LB hours,
the animals have liver glycogen levels of over one per cent at the end
of an ensuing 2li~hour fest. Under like conditions rets on the eontrol
ration have liver glycogen levels that average around 0.3 per ecent.

The amine nolds l-lewcine and l-glutamie acid do not show this
effeot when fed at levels equimclecular with 10 per cent glyeine, At
this level dl-alanine also shows no offect. At a level equimolecnlay
with 15 per eent glycine, however, dlealanine shows an inconsistent
offoct.

Adrenalectomized rats exhibit no "protein effect” as the resuld

of prefeeding glyeine,



22,

it is felt that sufficient date are not available to state whether
the "protein effeot™ of glyoine is due to increased glyeoneogenssis,
dooreased glycolysis, or both. The possibility that glycine stimmlstes

glyeancogemesis from other moleoules is disoussed.
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