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INTRODUCTION

In addition to dietary factors there are many envirommental fasiors
which influence the respiratary quotients of fasted animals, Among
those which mist be considered are miscular movements, enmvironmental
and body temperature, seasomal and dlwrnal variations, humidity,
exposure to ultra viclet light, peyehogenic factors, and duration of
fast, The type of food metabolized alse offects the respiratory
quotient, and it is for this reason that so mch attention has been
divected towsrd emergy metsbolism in the past, A point to be empha~
sised, however, is that the respiratory quotient is the same for any
complete process of the utilization of a certain type of foodstuff
and 1s independent, of the intermediary metabelic processesit), For
example, the supposed conversiom of fabt to carbohydrate could have no
effoct upon the respiratory quotiont unless some of the material thus
formed were laid down in the body, or excreted, during the experiment,

?&rammmgnum:mmﬂulefanmimluamuum
albino rat only the chasber method for determining the respiratory
quotient can be used, Respiratory quotient may be defined as the
ratio of the volume of carbon dioxide produced to the volume of axyzen
consumed, The earliest form of apparatus for small animels was
described by Haldane(?) in 1892, Since then this techmique, with
some modifications, has been employed by numercus imeaﬁiga*anra in
determining the gaseous metabolism of rats. Pm-yu) was firet to
report experiments on rats, using a somswhat modified form of the
Haldsne apparatus, with which he measured only the carbon dioxide
production, Later Pembry and Spriggs‘’) used the same apparstus for



determining both carbon dloxide production and oxygen consumpiion

of normal rats., After feeding rats & high carbohydrate diet these
workers showed that the respiratory quotient rose from a fasting
0,68 40 0,92 within one hour following feeding, and then maintained
this high level for two o three hours before it started to fall
again, Kingdon et al.w ) following the respiratory quotients of
rate for longer fasting pericds concluded that the respiratory quo-
Hient fell rother smoothly until approximately the 9th hour of fast,
and then became ervetic until after the 26th hour of fast, They
pointed out that the 2l hour fast used sc commonly in metabelie studies
on rats is 2 time of unstable metsbolism, It is to this that they
attribute many of the contradistory conclusions found in the litere
ature on snergy metabolism,

The respiratory quotient of the amino acid glyvine, if comverted
completely to carbon dioxlde, ammonia, and water, would be 1.33, Since
an animal never metabolises glycine alone and just how completely
glycine is metabolized is uncertain, the studies of the effect of
glycine on the respiratory quotient have beem done on animals fed
dlets containing increased amounts of this amino acid and on animals
eating diets eontaining no added glycine, Recently Parelsky and
Werknan'®) have shown the steps by which glycine is completely meta—
bolised to carbon dioxide, ammonia and water, By using bacteria they
cbtained final results in which four volumes of carbon dioxide were
prodused to three volumes of oxygen utilized giving a respivatory
quotient of 1,33, However, application of their methods would be

[



impossible in animals with as complex intermedisry metabolic prosesses
a8 rate, Iusk''’ fed glycine to phlorhisinised dogs end cbtained no
significant change in respiratory quotient over basal even though he
demonstrated an increage in the mumber of calories produced, Clsen,
Hemingway, and n1er(8) fooding carboxyl labeled glyeine to mice
recovered approximately SO per cent of the labeled carbon in the
respiratory carbon dioxide during & 16 hour fast, They also noted

an immediate increase in the carbon dioxide excretion in the first
twe hours, which was more than could be accounted for by the metabol-
ised glycine, However, they did not give oxygen consumption f{igures
80 the regpiratory quotient could not be deterwmined, IMurlin and
Lusi{?) studying the combined effects of glucose, fab, and glyeine
obtained respiratory quotiente of 0.88 to 0,90 for the first two hours
following the feeding of glycine sloms, 1,01 to 1,02 for glycine

and glucose, and 1,00 to 1,03 for glyeine and glucose given four
hours after feeding fat, These resulis are not surpriging since they
only ineluded respiratory quotienis for the first two hours following
ingestion of food and complete sbsorption frem the intestinal tract
probably hed not occurred, Foster and Smith{3®) gave intraperitenesl
injeotions of glyvine to rats and demomstrated an inersase in metaw
belic rate, but included no respiratory data, iome of this m-k;
therefore, gives any idea as teo what effect added glyeine might have
on the respiratory quotiente of animals with an otherwise normal and
adequate di&temmdﬂmwm animal,



wireit {11 10 1938 deseribed the ineresse in liver glycogen
found in fasted rats efter feeding high protein diets, Thie he
designated as the "protein effect®, Todd, Barnse and Oumringham(12)
lster deseribed this enhancement of liver glyscgen ip rate after 2
fast as é:ue to prefeeding a dist containing added ziyeine, Tedd
and Tolnan'>? gemomstrated thet rats prefed the glyuine diet have
in their bodies after 8 howr faet and 5 hour insulin zctiom sboud
glx times as much earbohydrate as can be accounted for by direct
conversion to csrbohydrate of the exira glycine present befears the
action of imsulin, They comcluded that the extra glyvine present
before the insulin astion eould not account for the increase in
stored carbohydrate, With this evidemce at hand, it seemed desirable
to study the effects of diets containing added glyeine upon the
respiratory quetdent of rate in hopes thet it would produce more
evidenoce as %o what type of food was being metabolized and when the

gffect was most predominont,
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Experiments were designed to cbtain the respiratory quotients
for fifteen mimute intervels for one hour on pairs of rats treated
in gimilar fashion except for the diet which they consumed, Each
time interval of comparison, therefore, consisted of a two hour period
in which the respiratory quotient of cach animal, experimental and
control, was determined at alterpate hours, By this methed three
separate determinations were made on each animal during the hour that
it was in the calorimster, The effect of glyeins on the respiratory
quotdent at various fapting intervals was studied, At the interval
of greatest difference in respiratory quotient between the control
fed and the glycine fed animals the effect of adremalectomy was also
investigated,



EXPER IMENTAL,

ANIMALS

The animals used were all albino male rats of the Sprague-Dawley
strain raised in our own colonmy, Each animal welghed within the range
of 225 to 340 grams during the experimental period. From their
frequent handling and long peried of inbreeding these animals were
teme and inactive, which made them excellent for respiratory quotient
studies as a certain degree of cooperation, even from animals, is
necessary in this work,

RATIONS:

Since the rate appetency for milk is so great, it was thought
that better control could be gained over the quantities of ration
consumed if Bordem's evaporated milk, witemin D inoreased, was included
in both the control and glycine rations, Squibb's brewerts ysast
wag added in sufficient quantity to insure a high level of vitamin
B complex intake for proper protein utilization, The carbohydrate in
the diet was adjusted by the addition of Karoe ¢orn syrup, while the
protein content was adjusted by the addition of Esmﬂu; e partially
hydrolyzed protein derived from lactalbumin,

Ingredient Control Ration Experimental Ration™
ems, gns
Evaporated Milk 100 100
Corn Syrup é ' 50
Esgenamine 9 9
Brewerts yeast A0 10
(lycine 0 10

% torms experimental ration and glyeine ration shall be used
interchangeably throughout the remainder of this thesis,



The 10 grams of glycine is roughly calorically equivalent to
11 grams of corn syrup, so in the experimental ration, equivalent
amounts of corn syrup were subtracted for the glycine added.

The evaporated milk, corn syrup, yeast, and glycine, when used,
were mixed in a beaker and placed in a hot water bath until warmed,
The mixture was then transferred to a Waring Blender and stirred,
Following slow additiom of the Essenamine, the blender was run for
sbout three minutes, The ration was then diluted to 200 =mi, with
water, Teéble 1 indicates the grame protein, fat, and carbohydrate
and calories of the two rations,

APPARATUSS

- Calorimeter: For serial meapuremsnits of the respiratory quotlent
an apparatus was used which was described by Lester and Gmmharg(‘u‘}.
A schematic diagram of the apparatus is shown in Figure 1, B is a
round lucite box 7-3/h inches in diameter and 3-1/2 inches deep fitted
with a 114 of the same material, Three hales (X, Y, 2) were drilled
in the 1id to allow for flushing, sampling, and temperature moasure-
ments of the chanber gases, C and E are inletecutlet tubes for flushing
the chambery F is a small electric fany T is a thermemeter (0° - 50° C,)
calibrated in 0,1° C,, and D is the sampling outlet., Tube B leads
to 2 water mnometer M, end » small teet tube spiremeter S, which
hag a volume of about 70 ml, and is counterbalanced by the weight W,

The spirometer is connected through a three-wey stopoock to a 50 ml,
gyringe A which is calibrated in 1 nl, inerements, The volame of ¢he
gystem when the ppirometer is empty is 2700 ml.



TABLE 1

Percentage Composition on the Dry Basis of the
Aycine and the Control Rations

Control Ddet @yvine Diet
Protein Fab Carbo- | Protein Fat Carboe
Substance per cent per cent hydrate |per cent per cent hydrate
per cent per cent
FT
Karo 0.0 0.0 52,0 0.0 0.0 k3,6
Essenamine 2.0 0.0 00 9.0 0,0 0.0
Yeast he3 0.1 k.6 L3 %} LW
Totals o | 203 8.1 66,6 30,3 %% § 58.2
{ dry weight)
Potal Calories k20,5 26,9
Calories per ml, 2.10 2,13

"piluted te 200 ml, with water, For the adremalectomised rats 20 grams

of sodium chlaride were added to make a one per cend solution.




FIGURE 1

Disgrammatic Sketch of the Calorimeter
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The respiratory exchange is determmined by the failn:l.ng procedure,
4 rat is placed in the Jucite box on & wire sereen, The 1id is sealsd
with lubricant and affixed $o the box by the bolts and wing nuts present
at the four cormers of the cover, IEncugh pressure is applied to the
corners to affect zn alr seal, After B is clamped off and A closed,
alr saturated with water vepor et 25° « 30° C, is blem through the
chanber at a rate of sbout 28 liters per mimte through ¢ and exhansted
ab B, This rete of fiunshing is sufficisnt to prevent sny significant
ascoumlation of carbom dloxide,

Saturation of the air by water vapor was schieved by passing
comprosged alr from the laboratory supply Huough a conieal porous
grinding stone which was attached to a 1/h imch copper tube with
®Pysesl" cemsnb, This porous grinding stone when placed in a four
liter flask partially filled with water produced small bubbles whem
alr was forced through st the rate of about 28 Jiters per mimte,
Haintenance of satmrated air was insured by having the entire system
undergoing graduoal cooling resuliing in alight condensation of waber
during the tinms in which the calarimeter was in operation,

During the flushing the spirometer is brought to its lowest leval
and adjusted to atmospheric pressure with the syringe. When the
spirometer indicatos atmospheric pressure A is turned to room air
and 50 ml, of air is admitbted to the syringe, The room temperaturs
and this volume of air is recorded, A is then turned so as to comsct
to the spiremeter and the air in the syringe is admitted to it, At
the time chosen to start the experimsntal periad; the flushing is
stopped, C and B are clamped off, the clamp at B is released, and the
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temperasture of the chamber and the barimetrie pressure are recorded,

About 1-1/2 minutes before the end of the experimental period
the electric fan is started to attain temperature equilibrium, Some
30 seconds before the end of the period the fan is stopped, the spiro-
meter is adjusted to atwmospheriec pressure by the ecounterpoise, and B
is clawped, 4 50 ml, syringe is attached to D, and a 50 ml, representa-
tive sample of the gases in the chamber is cbtained after the syringe
plunger is pushed up and down 8 few times, The tempersture of the
chamber and the time elapsed for the experimental pexdiod are rescorded,
The 50 nl, sample is then removed for carben dioxide analysis which
is described below, The volume of air remaining in the spirometer
is meagured by the syringe, A, and this volume, the room temperature,
and the baromeiric pressure are recorded,

Pifty milliliters of alr are again admitted to the spircmeter,
the necessary readings are recorded, and the apparatus is staried on
& socond determination, During the second experimental period the
carbon dioxide smalysis of the first is performed,

With the room temperature at approximately 24° C, the temperature
of the chamber is maintained close to the critical temperatures of the
rat, 268° C, The oriticsl temperature is defined by Bemedict and loLeod
(15, 36) 55 that envirommentsl temperature which will have the least
effect upon the resting metabolisn of a rat, Any significant deviation
gbove or below 28° €, will cause an imerease in the rosting metabolism
of rats,

During an experimental period the temperature of the chamber
changes no more than 0,8° C, The data cbtained are recorded as
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followss b.p.y, baramstrie pressure; Veh, frec volume of the chambers
?c.hl and Tc”hz* indial and finel temperature in the chamber Tr:sl

and Trm,, initial and final temperatures in the room; Vsy and Vs,
imitial and finel volumes of the syringe; Weh,, Wehy, Wey, 2nd ¥sy,
initial and fimal vapoar pressure for water in the chamber and the spirg-
moter st the observed temperatures, The dry gas volume at stosmdard
conditions initially Vy iss

vl | DePs -»'Wehl x

%o !Fqﬂ'ﬁ”“ﬂ B ot m”’!]
Vg is similerly caleulated, The per cent carbon dicxide determined
(ignoring the atmospberic cerbon dioxide) is always caleulated to a
constant time period, If the period is 15 mimmtes and the gas sample
from the chamber is taken at 15 mirmtes and 30 seconds, the per cent
carbon diexide produced im 15 mimmtes is then 15/15.5 of that actually
found by analymis, The amount of carbon dioxide produced is then
ml, COy = % COp x V, and the amount of oxygen consumed is nl. Oy =
I mz*(vl-va}, If the respiratery quotient ies unity there will

be no change in volume of the systemy since equal amounts of carbon
dioxide are produced and oxygen consumed, and vl will equal Yy, If
the respiratory quotient is less than unity, Vg will be less than Vy
by an amount equal to the difference between the oxygen consumed and
the carbon dioxide produced,

CARBON DIOXIDE DETERMINATION¢

For the determination of the carbon dioxide s modification of
the methode of West et al.(l7) was used, The basis of this method is
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the sbeorpiicon of carbon diowide by emcess standard bardum hydroxide
and the back titration of the execess bariun hydrexide by standard
hydroshlcric acid using thymol blue indicator for the end paint,

A 250 ml, Brlemmeyer flask was fitted with a threeway stopcock
(Pigure 2), To one arm was attached a soda lime tube for the absorpe
tion of atmogpheric carbon dioxide, OUne avm was attached to z water
aspirator, The remaining arm wag left free for the attachment of the
50 wl, syringe containing the sample of chambor gases,

During the experimental interval the 250 ml, flask was weshed,
and then five drops of thymol biue indicater and 2 ml, of acetone
were added, Thesfopperwmthnnpmmplmmdrmmm&m
through the sode lime tube by the aspirator to flush out any earbon
dioxide in the flask., The stopper was then removed from the flask
and & piece of rubber damming was held tightly on the flask by a rubber
band, The tip of an automatic pipette was passed through the dam to
deliver 5 ml, of the standard barium hydroodde, The stopper was then
replaced in the flask undil the time for sampling the chember gases
cccurred, When the 50 ml, syringe was tramsferred from the chamber
sampling outlet %o the arm of the threesway stopeock, the aspirator
was tuwrned mﬂt&ﬁsamkmmmiummch shut off all
three arms, After a partisl vecuum was attained in the flask the
sapirator was shut off and the stopoock turned in such a poeition as
to draw in the sample from the syringe.

After vigorous shaking, the stopoock was them twrned back to the
position of the soda lime tube, Intermittent shaking was dome for a



FIGURE 2

Carbon Dioxide Absorption Flask
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period of five minutes which allowed ample time for carbon dioxide
absorption, The stopper was removed a second time followed by replace
ing the mibber dsm, and then the solution of barium hydroxide and
bariun carbomate was bask titrated to the tiymmeol blue end polnt with
standard hydroohloric acid,

Rﬂ&m&

Rydrochloric Acids The 0,03 N hydrochlaric acid wes standavdised
against fresh 0,03 N sodium carbomate golutiom prepared from analytical
anhydrous sodium carbomate by the method given by Kalthoff and Sandell(18),

Barinm Hydroxide:s Approximetely 0,06 N barium hydroxide was
standardized azainst the standard hydrochloric acid, The barium
hydroxide was stored in two liter glass boitles protected from stmos-
pherie air by soda lime tubes, A syphomn was attached %o an avtomatic
5 uil. pipette for delivery of § ml, samples of barium hydroxide,
Because the barium hydroxide was stored over periods of several months
it was chocked at six week intervsls to be certain that atmospheric
carbon dioxide was not changing its normality,

PLAN OF A TYPICAL EXPERIMENTS

Adult male albine rats were used ranging from 225 to 340 grams
in weight, For individual experiments an attempt was made o choose
andmals of similar weight, Bach animal was placed in an individual
T=1/2 x 9 inch cage equipped with solid metal sides and 1/2 ineh
wire megh bottom, This allowed for a quiet environment and seclusion
for each animal, The wire mesh bottum was adequately large to allow
feces to drop through end prevent coprophagy,
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The animals, which were maintained on Purina Laboretory chow,
were removed from the stock colony in the morning and placed in their
separate cages with water but wiﬁ_xm‘t- fwd until aftarxmon, at which
timo their first feeding occurred, At this time, and for four sube
sequent feedings, both the contral and experimental animals were given
25 wl, of the control ration in a test tube affiwed with a drinking
tube, The animals were fed twice a day, morning and afterncon, This
preliminery period of feeding control ration wag found to be advisable
to accustom the animals to the new diet and %o tyain them to eat whem
the food was presemted to them, A% the sixth feeding one of the
animals was changed to the experimental ratiom, while the other was
contimued on the contrel ration, The animals received five feedings
of experimental and control rations over a 48 hour period, At this
time they were fasted the desired length of time before being placed
in the calorimeter, Hach pair of anivals was sllowed an approximately
equal amount of ration, This was sccamplished by removing the food
from one if he secmed Yo be getting shead of the other, After the
preliminary feeding period the rats were trained well enough to eat
their £ill within one-half hour period, This decrsased the problem of
maintaining approximately egqual intakes. Spillage was estimated at
the tims of feeding and subtracted from the total amount consumed,
About 20 %o 30 ml, of ration were eaten per day depending upon the size
of the animal,

Table 2 illustrates that food consumption in most instances was
quite comparable in the two rations, This is especially evident in
regard to the last feeding which is posaibly & critical factor.
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TABLE 2

Food Consumption and Respiratory Quotients of
Glyeine Fed and Control Fed Animals

Contrel Ratiom Glycine Ration

Rat Wt.| BaQe |Last Meal |Total Fed ||Rat Wi,|R.Q. |Last Meal|Total Fed
m& ﬁn ml. Mu lle mlﬁ
Normal Rats 7 to 9 Hour Fasting Interval
285 |1.026| 18 78 265 | 0,761 17 ¥}
290 |O95L| 18 87 255 |0.745| 18 90
285 |0.954| 24 9% 295 c.ai:a 22 96
28L |0.93h4| 2% 93 292 |0.,886| 25 8L
27 |o.972| 25 97 258 |0.837| 18 73
295 |oJgkly| 18 91 202 |0.735| 18 96
30 |0926] 18 93 326 |0.87h| 17 10L
3L |o989| 2k 1ok 310 |0.7Th7| 20 88
235 (0935 20 90 280 |0.TP| B 92
340 1,083 23 10,
252 | 0,998 11 6
281 |o.934| 18 70
267 |0.998| 18 87
286 |0.823| 15 102
Awr&ga 00962 3-9 oé 89:#9 AWC 0.8& 1949 88‘9
L

Adrenalectomized Rats 7 to ¢ Haur Fasting Interval

284 |o0.93k| 18 72 269 | 0,856 16 62
288 |[0.887| 16 83 25l |0.,769| 18 83
250 |0.853| 19 ¥y 238 |0.861| 18 Ti
280 |0.8h48| 20 82 252 |0,7h0| 18 75
340 |0.800| 17 86 302 (0,78 19 7
4 2% 0,73 | 17 55

AwrngsI 0,865 18 80.L ||Average|0.788 | 17.5 70.5
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I% was found that & preliminary training pericd in the calorimeter
o accupbom the rats Lo the apparatus wag not nevesgsary to achiws
consistent results, GHopeated determinations on the same animsls did
not alter the respiratory quotiemt significantly from the first results
determined, The ’ammula were watched closely for activity and if the |
snl.mala sat quietly or Jjust cleancd their faces with their peaws
during the experimentel perlod the resulis ware ascepled, lowever,
any violent activity or conbtinual shifting of the body was cause for
imvalidating the resulte., Because of the unpredictsebility of a rat's
aotions these criteria, based on museular activity, were found to be
the best method far accepting or rejecting any one set of resulis,

A1l experimente were done during the swumer months betwesn §:00
a.m, and 12300 noon, It is felt that this controlled any seasonal
or dlurnal variations in respiratory quotlent,



RESULTS

CHECK OF CALORIMETER:

To test the aceuracy of the calorimetor, determinstions of the
respiratory quotients on pure organic compounds were performed, A
small lamp with the spproximate volums of 1 ml, was made from 2 mnm,
Pyrex glass tobing and Pitted with en asbestos wiek,

Through & rubber stopper were passed two 6 mm, copper tubes in
the ends of which was clamped & plece of nichrome wire, The copper
tubes were then filled with mercury lo insure against air leaks, These
eslectrodes were attached to two 1.5 voll dry cell batteries with a
gwitch wired into the system, When the switoh was eloged the michrome
wire immediately became hot enough to glow {Figure 3). .

The material to be tested was placed in the vial, and the wick
was placed in contact with the nichrome wire, The switeh was closed
and the materisl ignited immediately. The material was allowed to
burn until the oxygen supply was depleted., To allow for the expansion
of gases due %o the incresse in temperature the spirometer was emptly
at the begiming of the experiment and allowsd to rise with the
expending gases, As the chamber cocled ond as the oxypen was ¢onsumed
50 ml, of air from the loading syringe was slowly added to the
spiremeter, After 15 minutes, when temperature equilibrium had occurred,
the difference in gpirometer volumes was measured by emptying the
remaining air with the syringe.

The materials used for testing were ahsolute ethyl alechol and
B B* dihydroxyethylether, which have theoretical respiratory quotients
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Apparatus {or the Ignition of the Lamp for Haking
the Alcchol Check on the Calorimeter



T
Copper Tubius
F(y me:-iz;urg Seal
: : E i ——Ru\o\azr 6'\"0??@'
| |
A
4 W
o ||
| | i~

C h— Metal Shield

Nichrome Wire

“\' Lo.m'?

Ignitien Apoaratus for Plconel Check
F\'au.rc. 3




of 0567 and 0,800 respectively, The results are shomm below,

Bthyl Alcohdl B BY Dihydroxyethylother
0657 0.7
0,0 0.2
0,58 0,83
i 0.32

0,683 av, 2.4% ervar ‘
0.85 av, 2,0% error

Sinee many workers# 27} pave had trouble making slochcl checks
on gmall volume calorimeters, these checls were considered accurate
snough for the purposs for which the calorimeter wus plarmed,

STUDIES OH CONTROL FED AND GLYCINE FED ANIMALSs

The results of these vespiratory quotients are summarised in
Graph 1 and Table 2,

It may be easily seen that the respiratory guotient of the rats
wmmemﬁa&r&ﬂmmw,mg.ﬁamﬁlm
11 4o 13 hour fasting interval at which time 1% fell rather rapidly
and spprosched the level cbtained when the mermhl diet wes fed.
On the other hand, the respiratory quotient of rats with added glyocine
in their diet fell in a step«wise fashion from the beginming of the
fapting peried, At the 7 %o 9 hour fasting interval the differemce
in the respiratory quotient betwsen the control fed and the glyeine
fed animele was the greatest, It is felt that this difference is highly
significant in that the Ty 4e value was 5.62%, Because of this lare

‘lzmg is a statistical expression denoting the degree of signifi.
cance that may exist between two pmllaﬁﬂm(zo}.




ORAPE 1
Aversge Respiratory Ouotdente of Rats Fed Contral
and @Tlycine Rations snd Fasted for Various Hours

The Runbeyr in Easch Columm Indicates
the Number of Animals Used
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difforence the 7 %0 7 hour fasting interval was selected for further
studies,

STUDIES ON TEE CONTROL FED AND QLYCINE FED ADRENALECTOMIZED
'mmm:

The resulis from atudies on the resplratery quotients of adrenal-
sciaoeﬁim rats fed oontrol and added glycine diets are shown in
Graph 2 and Table 2,

It is of interest to note that by the exterpation of the adrenal
glands the respiratory quotient of the contrel fed amimals was lowered
o a value of 0,865 compared to a value of 0.962 for normal animels,
In the glyeine fed amimals it fell only from an average value of 0,800
in the intact anmimal to 0,788 in the adrenalectomised animal, In
~ other words, the respirstory quotient in the contral fed adrenalectom-
iged animal decreased 7.4 times as much as in the glyocine fed adrenal-
ectomiged animal, The significance of this is touched upon in the
discusaion,
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GRAPH 2
Average Respiratory Quotients of Normel and Adrenalectomised
Rate Fed Control and Glycine Rations and Fasted 7 to 9 Hours

The Nusber Below Bach Column Indicates
the Number of Animels Used
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DISCUSSION

It is well to remeumber that the respiratory quotient does not
meagure intermedisry mtabalim; only the ratio ¢of the carbon dioxide
produced to the cxygen gonsumed, The ratic is high when a preponderance
of carbohydrate ls being metaboliszed to carbon dioxide and water, dus
to the fact that thad molocule contains a high proportion of axygen,
and that little more oxygen is required to complete the reactions to
carbon dioxide and water, The respiretory quotient is also high when
metabolites containing oxyzen in their structure are converted to
metabolites with less oxygem in thelr strwoture, i.e, the conversion
of carbohydrate to fat., The respiratery quotient may exceed unity if
at the time it is measured, this conversion is a predominant metaboliec
resction taking place in the body, However, when fat is metabalized
to carban dioxide and water, and this is a predominant metabelie
resction, the vespiratory quotient is low, Iusk{®X) states that when
fat alone is metabolized the quotient will be 0,707 and when carbo-
hydrate alone is oxidised it will be 1,00, These situations, of course,
are never atiained during life,

The mp&ut&ry quotient of protein preseats a mch different
pleture. Unlike the other two major foodstuffs, protein is not completely
oxidised in the amimal body, The portions of the protein molecule
which contain mitrogen are eliminated in the uwrine in the form of urea,
i) that 1,0 gram of
protein contains approrimately 0,16 grams of nitrogen, In other words,
for every gram of nitrogen found in the urine 6.25 grams of protein
mst have been deaminated, Assuming that the deaminated residues of

amsonda, uwric acid, ete, It can be ealculam(
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the amino acids are completely oxidised to carbon dioxide and water
during the period of cbeervation, each gram of urinary nitrogemn
represents 6,25 grams of protein completely metsbolized, This would
require 6,0bk liters of oxygen and produce L84S liters of carbon
dadas(B),

Protein free respiratary quotients, even though desirable, wers
not attempted becsuse of the difficuliy in obtaining 15 mimte urine
samples from the rats without causing loss of time and imerease in
activity on the part of the rate, wlich would necessarily be reflected
in the values determined, The apparatus may be eriticived in thet it
did not allow for carbon dioxide sbsurption, Tims with inecreasing
time the animsl ig environment contained decreasing amounis of oxygen
end incressing amounts of carbon dicxide, At the end of a 15 mimte
period the carbon dioxide content of the chamber wag calculated to be
approximately 2 to 3 per cent, According to th{zn this would
canse an inércase in the alveclsar carbon dioxide pressure by aboud
245 mm, which is sufficient to double the respiratory rate, It may be
reasoned from this that doubling the respiretory rate would imerease
miscular exereise, thereby inoreasing carben dioxide cutput by hyperw
ventilation and causing an imerease in the respiratory guotient, In
most respiratory quotient work the time interval for determining the
respiratory quotient is much longer than fifteen mimmtes, and unless
a method for the removal of the carbon dioxide is devised a concentraw
tion would soon exist that would be incompatible with 1ife, However,
because the increased carbon dioxide tension was imposed both upon
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the experimental and comtrol animals any effect would be ¢onstant for
both types of animals, Sinse the cansecutdve respiratory quotients
on the same ret remained quite constant the incresse in the carbon
doxide tension becomeg even less sigmificant,

From Graph 1 it may be seen that the respiratory quotient of the
gontrol animales meintained a high level (0,962) past the 7 to 9 hour
intervel, This may be taken as sm indicetion that these snimals were
metabolising chiefly carboliypdrates or depositing fat in their bdbody
stores(}), Within the next h hour interval of fash the respiratory
quotient dropped rapidly to 0,787 which was taken to indlecate thad
these animals had used wp their cerbolpndrate reserves to such an
extent that their metabolliem had changed to one which was chiefly
utdlizing fat and protein, In conbtrast, the glycine fed animals?
resplratory quotients fell contimually as the fasting peried inereased
until the 11 ¢o 13 hour interval was veached, It cannot be said
from these results that these animels were actively storing glyoogen,
but when compared to the control group it is easily seen that they
were not utilizing &s much earbolydrate in their metebolism, If,
however, the deposition of glycogen was going on at this time, it was
coming frem a materiel which contalned less intrinsic oxygen in the
molecule, pessibly prat&ﬁn; than the carbohydrate to which it was being
transformed, Thus with relatively little carbon dioxide production and
relatively high cxygen utilization a lower respiratory quotient would
be obtained,

These findinge are supported by the results of Tedd, Barnes, and
Cunninghan(12) 1n which the carbohydrate reserves (measured as liver
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glycogen) of rate fed sdded glycine were over one per oent at the end
of a 2 hour fast, while the eontrol diet gave liver glycogen vﬁm&
of sbout 0,3 per cent at this fast, MacKay, Wick, and Carne(23),
even theugh their work was on stomach tube fod rats, also showed
that the liver glycogen after feeding glucose {2 high carbolydrate
diet) was decreasing repidly at the & to 15 hour fagting interval,
signifying at least carbobydrate was disappearing from the body stores
at thie time, However, these workers demonsirated a delayed increase
in liver glycogen following the admindetration of glyeine, Begimming
ab the six hour fapting interval there was a rapid inerease in liver
glycogen which reached a maximum ab about the fifteen hour fasting
interval,

It is not belisved that the differemce in the respiratory quotient
at the 7 te 9 hour interval can represent the effect of the Spesific
Dynamie Action of glyeine upon the metebolism of the animels, SDA
is defined as the unavoideblo energy waste incident to food ntﬂimﬂm(m‘)
and has been shomn to be very high for glyeins(}), It is frequently
measured by the inerease in oxypen eonsumption following the foeding of
the food in question, In order to determine if this fagtor was present
at the 7 %o 9 hour fasting intervel the metabolic rates were dotermined
{or both the control fed and glyeine fed rats at this btime of fast,

This was sccamplished by application of the formila MR = C X WV o0y

8
IR is the metabolis rate, € is the celoric value for a liter of oxygen

at the particular respiratory quotient value, 8 is the surface ax‘aa in

square meters as obtained from Diack's rmu@g) 8 n_gjl? x V
10,000




and LV ie four ¥imes the 15 mimuie oxygen consumption, The results
would them be Cal,/Hr./12, The metabolie rate for the control animals
at the 7 to 9 hour inbterval was L5.3 calu/ﬁ'-ﬂ? « This did not vary
sdgnificantly from the metabolic rate of the glyeine fed ardmals for
the same period, which was LS.0 Cal./Hr,/i?, Prom this it wag cone
cluded that the SDA of glyvipe wae not being manifested in the respira-
Sory quotients at the 7 to 9 hour fasting interval,

The respiratory quotients of fasting intervals greater than the
11 %o 13 hour interval are not oonsldered as significant due to the
few mmber of determinations, and alsc due to the fact that with the
inoreased fasting ﬁi.nw the andmals became more restless. This was
attributed o thedr imcreased hunger and the sctivity normally assocliaw
ted with sxy animal 's search for food,

1reic () ofeer deseribing an incressed liver glysogen in fasbed
rate pre«fed a high protein diet was unable tc determine the cause for
s "Protein Effect®, but eoncluded that it was due to gluoonecogenesis,
Todd, Barmes, and Ounninghas{12) demomgtrated that this effect came
from feeding diedts containing asdded glyeine rather than extra protein,
and they postulated gluconcogenesis possibly mediated through the adrenal
ecortex, Other werkers in this fio2a(13s 35) jikewioe concluded that
the "protein effect® is due to advemal cortical activity, lost of
these workers have showm that bilsteral adrenalectomized rats will
not show an inoreased fasting liver glycogen after a high protein
or added glyeine diet,

Edlateral adrenelectomy effocts the carbohydrate metabolism of
rats very markedly, It iz common kmowledge that adrenalectomized



animals withstand the stress of fosting very poorly. Britton and
ﬁilwtte(%) dememstrated a fall in blood sugar and liver and muscle
glycogen in adrenalectomiuved rats., Cori and cm(a?) could find

only a trace of liver glycogen at the end of a 2L hour fast, but they
demonstrated that adrenalectomized animals could utilisze glucose to
form glycogen immediately following forced feeding of glucese. They
found an average respiratory gquotient of 0,718 following a 27 heur
fagt in adrenalectomized rate which increased to 0,870 in the four
hours following stomach tubing with glucome, This change in respirs-
tory quotient is umd(za) with a rise in regpiratory quotiemt from
04741 to 0.84h in normal rats treated in a similar fashien, These
results were interpreted to meen that adrenalectomised rats are capsble
of utilicing glucose in & normal masmer if gluccse per se is supplied
in their diet, Bvans{?®) showed that about a 25 per cent decrease

in urinary nitrogen sxcretion and about a 90 per cemt decrease in
urinary ketone excretion cccurred in adrenalectomized rats fasted fow
48 hours, He could not find a significant difference in respiratory
quotients between adrenslectomized and normal rats. From their
cbservations on the effects of cortical extrasts on the resplratory
quotients of glucoss fed adrenalestomised rats, Long'>®) and Russetn(3)
inferred that the adrenal cortical hermonme may depress carbohydrate
oxidation, However, afier exterpation of the adrenal cortex, rate
rapidliy utilize thedr carbohydrate stores and have a decreased ability
to convert protein to carbolydrate so that they rapidly deteriorate
with fasting,



Greph 2 compares the respiratory quotient of the control fed
adrenalectom zed animals with the respiratory quotients of the contral
fed normal animsle. The difference may be explained if one assumes
that the tarbohydrate reserves of the adrendlectomized animele have
been depleted more rapidly, With decreased ability to utilize protein
the adrenalectomised rats must rely upon the carbohydrate in their
diet for readily availeble energy. As the length of the fast increases
less and less carbohydrate remeins available to the adrenalectomized
anizmal and the respiratory quotient would be expected to fall, At the
7 to 9 hour fasting interval, it is likely thet 1ittle svailable
carbohydrate remains snd the respiratory quotients found are as might
be expected,

The decrease in the respiratory quotient in the glyeine fed
adrenalectonized rate and in the glycine fed normal rats is not cobe
sidered significant in that the change is less than two per cent,
However, if the difference in the respiratory guotients between the
control fed normal - -and the glyeine fed normal rats is considered %o be
due to the added glycine and if the exterpation of the adrenal glands
blocks this glyeine effect, as showm by liver glycogen studiestl? ),
then the respiratory quotients of the gontrol fed adrenalectomised rats
and of the glycine fed adremalectomized rats should approach each other,
In Graph 2 the respiratory quotients of the adrenalectomized control
and glyeine fed rats may be seen to approach each othery this was brought
ghout, however, by the reduction of the respirstory quotients of the
control fed adrenalectomized rats,
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It might be expected that the respiratory quobients of the glyoine
fed adrenslectomized rats should rise, bubt if the data are imspected
dlosgely, an explanation, in part, for this apparent discrepancy may be
found, The contrcl ration contains mere glucose than the glycine
raticn by spproximstely 0,17 Cal, per ml, I% is doubtful that this
amoont of glucose could be respensible for the difference in the
respiratory quotients bebween the control fed and glycine fed adrenale
ectomiged rats. In reducing the glucose eontent of the experimentel
retion & substence was added, namely glyvine, which the adrenalestoniszed
aninel has o decrsased sbility to metebolize normally, This serves to
reduce the overall availability of the carbohydrate reserves, It is
doubtful. that the difference in the respirstory quotients between
the control fed and glycine fed adrenalectomiszed amimale is due to the
decreased rate of absorption of glucose from the intestinal tract in
adrenalectomiged animals as postulated by Verzar and mmm‘ﬁ }.
Ducl ot al.(33) glain that adequate sodium lon intake in adrenslectomized
rats would allow the intestinal sbsorption of glucose %o proceed at a
normal rate, The adrenslectomiped rate uged in the above axperiments
were maintained on one per cent sodium chlerids as drinking water for
five days follewing operation, after which one per cent sodium chloride
was also added to thedr liquid retioms, It is bellieved that this
congtituted an adequate sodium ion inhhem}u

If these factors did enter into the causation of the difference
in the respiwstory quotients in the adrenslectomized rats, they would
effect the respirstory quotiemts in the direction in which it was



detormined, More gingose snd slow shaowption in the eontrcl raticn
wonld temd %o cive a higher regpiratory auotient in the control fed
adrenalectonized rate at the 7 to 9 howr fasting insterval, while less
glocose and 2n inereape in a pubstance difficuld for an adrenalectomized
animel %o viilize would tend to lower the respiratory quotient in the
glycine fed adremalectomized rats,

It is to be pointed out agein that intermedisry metabolic pathways
cannot be indicated from results odtained from studies en respiratory
quotients, However, it ie believed that the results presented here
support earlier findings from prefeeding rats with glyeine; namely
that glyeine, probably by same interaction of the adrenal cartex,
allows ingreaged liver glycogen following & fast by gluconsogenesis
as manifested by lower respiratery quotients from the onset of fasting,



SUMMARY

Respiratary quotients of rate fed & liguid milk base ration were
compared with the respiratory quotients of rats fed a similar ration
containing glyeine replacing an equivalent amount of carbohydrate,.
The lower respiratory quotients in the glycine fed group from the 0
to 13 hour fast were interpreted asz & decrease in carbohydrate oxie
dation, and as indirect evidence of either increased fat or protein
cddation, The data can also be interpreted as further evidence
for an earlier sssumption that glycine feeding stimmlates the glyco-
neogeriic processes, 1hs converasion of protein to carbolydrate at an
accelerated rate mist be accompanied by a lowering of the respiratory
quotient,

The grestest difference in respiratary quotient was found to be
at the 7 %o 9 hour fasting interval,

Similar studies were carried out on advenalegtomised rats fasted
7 %0 9 hours, The respiratery guotients were much lower in the cone
tral fed group and changed imsignificantly in the glyeine fed group
cunmpared with respiratory gquotients in normal animals, This was
interpreted to indicate that after a 7 to 9 hour fast the operated
animals were depleted of carbolydrate stores, and simse they are
unable to convert protein to carbehydrate in a normal manmer, it mast
be assumed that they were oxidizing a greater than normsl proportion
of fat and protein,
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