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Radiat~on Le.borator;y and Department of Poultr;y Bu.sb~; 

University of Cal.1tOl"llia.fBerkeleY, CaUtomia 

~e ~fec:t of feed.ing on carbon•l4 ~aspiration patterns fo~ :lnJe<:-
. . . ; . . 14 . . .· 14 . .· . 14 . . ' . ' 14 . ' . . . 

t:lcm ot. acetate-a-c . 1 glucose~6 1 tructose-c6 ,~ glyeine-2'4 vas studied 

1ll rats.· r~ 1ncrea.se.s total. co2 production. 1tespire.tien p.atterns from . 

· acetate ere bot szoee.t~ changed by feeding. FeedJ.ng increases glucose and 

fructose .ox:J.cla~~cm· to co2 and great4r .~es ~cine oxida.ticm. 'fbe data 

are inter.PZ"eted 1D ·terms of the specitic ~c action of food • 

• !he work described 1D. tbla paper was $p0n80red in part by the United States 

Atomic Jtnerg COlDIDissian and in part b7 the Department of PoUltry Husbandey'1 

· University of California,· Bel"kel.q, Cal1torn1a .• 

J Present ai1dresss Dept~ of Chemistey; University of Colorado, Boulder, Colorado. 
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Radiation Laboratory and Department of Poultry' Husbandry, 

U:n1ve~s1ty of Callfomta, ~kelq,. California 

It ha.8 long been know. that metabolic levels in an1mals change as. a fUnc

tion Of the time after fOOd intake. A:fter a big meal·eJ:l an1.mal.~lJ. U$tJ more 

·oxygen .and will give off more co2•
1 However,. the ratE~~ of' ~xi<l,tition to co2 ot 

··specific com.pounds V38. IlQt know.: ·One objective of this st\'ldy was to. deter• . 
' lll1n.e aifferences in respiration rate patterns \!hich mi@lt oceur among fatty 

aoicls, s~s., and amino _acids. A second objective. was to ·~ermine wether 

· food intake merely :l.nc:reased total. o..udation by means of a mass action effect~ 

01' 'Whether it :l.ncreaeed or decreased the fraction Of a given l!letabol:i.c pool 

that was oxidized to co2 per unit time~ 

*The wrk described in this paper was sponsored in part by the United. States 

Atomic Energy Commission and in part by the Depe.rtment of Poultry Husbandl-y 1 

University of California, Berkeley, California. 

} Present address: Dept~ of Chemistry, .University of Colorado, Boulder, Colorado .. 
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Rats WGre trained to eat their dail;y' food 1n a couple of hours~ Nonnal · 

anitnal.a with dietary habits of regular but intermittent feeding alternate be

twaen periods of surplus end storage and periods of li v:i.J;lg off the stores. 

The el::treme instance of single-meal training represents eY..aggerations of the 

phases of metabolism of normal. an1 mal s ~ 2 Thus 1 :they are particularly well 

suited for this type of study~ According to t.he report of Wilhelm13 the a.bil

.ity of m:Jimal a to .mako the necessaJ."Y a.d.juatments in metabolism de-pends ma.in.l.y 

on a ba.lw:lce between the secretions of the pancreatic: islets, the pituitary, 

aud.· the adre.noJ. cortex. 

At selected time intervals .after f_eeding, these. trained rats trere :f.n ... 

. jected ·. w!th. a tracer dose of carbon-14 labeled acetate.. glycine.. glucose or 

fructese ~· ~e , cumula.ti ve breath excretion as well as the specific ratlloac• 

t:t:rity of the c11'-o2 yas measured and. recordede~ These data are presented and 

interpreted in terms of meta.bo1ic rates 1n the enjmal as a :f'U;lction of time 

e.tter feeding; 

By a 'b:a:1!3.1ng period of three months, Long-Evanii.J rats wre taught to 

consume their total food intake for 24 hours 1n a two-h()ur period' On such 

a schedule they develop and ga.1n wight norma.J.J.Y • The training ·was begun 

wen the females were three months of age and the males tour. months so that· 

they were siX and seven months old at the time ot the eJq>er:Lments. The av

erage weight of the femaJ.es at this time was about 250 grams 1 mrl.le the males 

weighed from 425 to 475 gram&. They were fed on a diet that consisted of 
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whole wheat ground, 62.0; wole milk powder; 10.0; commercial casein, 15.0; 

Ne.Cl1 l.OJ caeo3, 2.0; beef fat, lO.OJ vit. A 250 mg/kg (20,000 U.S.P~ 

. - I 4 Units gm). 

'l:be labeled compounds used in this e:r.;periment were sodium a.cetate-2...014;5 

DL•glycine-2-c14; 6 
and the sugars, glucosa-c614 and fructose-c6

14, which 

were prepared by biosyntheais7,S from Canna leaves by Dr• E. W~ Putman. 

··These sugar.s \rere tben repur:l.f1ed. by paper chromatography so that the f'inal 

products contained not more than lt/o radioactive inlpurities. AU soluti~ns 

for injection were m.ad.a so that till :Lnjection of 0.2 ml contained 2 mg sub· 

strate with 20 ~c c14• 

The rata of oxidation of th~se compounds to o14o2 was detetmined at 

.specific timas. after the rats had. corqplated their norma.l two-hour daily 

feeding.·- At 1, 8.5 or 22 hours after the feeding period, the .an1ma.l was 

injected intraperitoneally with the radioactive compound and. :placed in e. 

metabollsm cag~ .(see Fig. 1). Air vas passed through this cage at a. con

stan·:. 4oo cc/min, .'through all ion chamber-vibratins' reed electrometer, unit 

to measure the o14 in the gas, and then through an 1nfrared C02 gas analyzer• 

A modified three channel recording potentiometer recorded not only the c14 
' • ,,, . . • ! . . . 

»er unit time and the percent COa in the breath, but also divide~ <:>n~ by the 

other to Si.~ the .Pec~fio ~t1Vity of the c14o2 'Whicbvas also reoorded;9;lO 

·The concentration of_ o14o2 and co2 1n the reapired air was, measured 

continuously for two hours. after the. injection and at least four rats (two 

. males end two females) were studied for each compound and for . each -1ntenal 

after feeding~ The data from each measurement vas analyzed to g1 ve the 
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average rate of. co
2 

excretion in milligrams per minute and to g1 ve the curves 

tor the cumulative percent of the inJected dose expired as co2 and the specific 

activity of ·the c14o2 both as a :runction of time~ 

14 ' 14 The cumulative respiratory excretion of C o2 from acetate-2-c , 

glucose..o6
1\ tructose-c6

14 end. glycJ.ne .. a...014 is plotted in Figs. 2 end. 3 

as a function of time after .injection of the labeled co~ound.. For each 

compound. three curves are gi'V'en) representing 1, 8~' or 22 hours after feed· 

1ng~ These data are summarized in !able I, which also gives the average pro

duction of eoe 1n milligrams per minute tot each group of animals. In calcru

le:ting these data the co2 production tor each anima.] waa corrected, to an ad, .. 

justed an1ma.l wight of 250 gms by mul:tiplying the actual C02 output by the 

ratio (250/W)0• 75 where "W" 1e the animal 'a· weight 1n grams •11' 12 

Tbe specific actiVity of the c14o2 wa.a expressed as m1ll1m1crocur1es of. 

carbon•l4 per gram of carbon (in the breath co2) for a 20 JJC injected dose 

ot c14• The data for each antmal. was again adJusted to an animal weight of 

250 grams. by .multiplying the specific actiVit,- by the factor (W/250)0;75. 

'fhe use of' ne~ber*.s factor in these calculations not only corrects for the 

change .in ·eurta.ce area-to-mass ratio encountered with our 'widely var;ying 

animal wights 1 but at the sa:ne time it normal.1zea the radioactive dose so 

that w are cOq>aring equ1 valent· BD101;lnt& .of . ra.dioactivi t:r injected into 

equivalen~ sized animals. 

Figs. It- through 7 show the c14o2 specific a.cti v1 t;r vs ~ time after 
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Cumulet:l. ve Excretion ot c14o2 from Rats. at Various Times, after· Feeding* 

Metabolite 'rime of Cumulative c14o2 excretion (1~ 1njec~ c14) 
Injection Minutes after injection !Average 

Hours dter ~roductionof 
Fee<ling 0-20 o ... 40 0·60 0-90 0-120 C0

2
, mgfmin 

14 Aceta.te-e .. c 1 9<>71 22~48 30.95 39~60. 44~23 7.52 
.. 

J 

' 8~; 9·37 22.87 33.14 42.76 li-8.46 8.1~2 

22 10.44 24.63 34.08 44 ~7 ... 2 49.68 7c59 
14 

Glucose..06 1 2.95 9·36 16.71 25o-69 30~65 9·07 
a.; ! 3.46 10~60 1.7-90 26.41 32.-34 So. 55 

22 lo3l 5o35 9.91 17.60 ~3.30 6.36 
. 14 

. 

Fructose-o6 1 3-95 11.20 17.21 23.59 2:"{.78 8.88 
8~5 2.61 8.63 14.57 . 21~84: 27.85 8~39 

' 22 1.71 5 .. 95 10.55 l6o59 21 .. 97 6~37 

GJ.ye:tne•2..C14 1 2.27 5·35 1·-19 9·87 ll..23 l0~4o / 

8.; .83 2o59 3·91 ;.a; 7.J.O 8~22 

22 ·33 1~15 1.90 3·10 4.12, .. 7-73 
' 

* Each value is the average of data from four animals. 
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injection curves for labeled acetates, glucose, fructose end glycine meta.bo• 

lism as a fUnction of time after feeding~ 

DISCUSSION 

As indicated in the introduction of this paper 1 we e:l~ected a decrease 

in average co2 production as a function of time after eating. Except for 

one instance this was observed in all four sed.es of experiments~ As a sim

ilar result we found that the traction of a given tracer dose of gl.yc1ne-2-c14, 

" . " .. to• . . glucose...c6 or fructose-o6 that 1e oxidized. co2 wo dect"ea.ses with tinle 

after feeding~ _Of these three cOJ.r;pounds g.l.yc1ne ehowd. the -gl."'ea.test dlacrease 

(percent oXidized. vent from ll.;a to 4~1). Glucose and :rructose both shovreci 

about the same relative percentage c.hange. Acetate metabolism to· co2, on the 

other hand; increases slightly with time e.i'ter feeding going from 44.2% to 

49.~ for the one hour and the 22 hour period, respectively'., 

.B.ome. of ,the changes in the oxidation of these labeled compo~d.s, can be. 

eaei~ interpreted on the. basis of known intermediary metabolism~ It is on.J.Jr 

necessarzr to essume .E.\ .. specific dynamic action° ·of tood~ . Black,. •Ma.d.dy. and .. 

. Sw1tt13 define. the "specific clyna.zn1c action of food.stufta"· .. as the· increase . . '· . .· . ·. ' 

in heat production as ~result of the, ingestion ot food. This is genera14' 

estima.te4, as about ~ of the caloric value of food. eaten and is highest l1hen 

protein rich substances ere ted~ 'J.'his aEUii'UI!lPtion is substantiated by our 

average Co2 production data, as wli .as by other research~ 14,l5 

Acetate metabolism is less disturbed by feeding than a.ey" of the four 

c~unds~ t;fhe acetate· to co2 apecifio activity curves follow no consistent 
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pattern change,· the 22 hour c'tlr'V'e showing the higr..eat peak of specific a.c• 

tivity and the 8.5 hour ciirve, the lowest~ lleither is there any chanee 1n 

the sha:pe of the curves. We infer then, that the :fraction of the acetate 

pool be~g oxidized to co2 in a given time (via_ the Krebs cycle) remains 

about constant, and the specific activity will also not sharply change~ 

The acetate figures then would not be :Changed by the ~pec;i.fic dsnemie a.c• 

tion of food, although the pool size 100¥ .change apl?rec.iabl.y~ .. Also the. evi• 

dence indicates that te.t can be mobilized from the· de;po~s to the liver. 
. ' . ' 

Levin end Farber16 have shovrn that :l.n the mouse thiS process is under the 

c~ntrol ot the gr()'Wth hormone, ACTH, end perhS~PS some enzymatic regulation. 
... ·, ' . : . 

In the ·rat control is regulated by the gro'Wth hormone.. the . e.drenal. cor'cex 

. end the ,adrenal medul.la~ l7 , This continuing process of' fat storage·· and 

remobilization <would a.lso tend to stabillze acetate oxidation. · 

Glucose and fructose are presUirled. ·orld..1.zed. via ·tn.e pentose shunt and 

tba ··l!!nid.en•~trerhoi'f' reactions~ The specific dynamic eotion ·of food ~11-here 
. . . 

increase the moount of gl.uco~e appearing a.s Co2; both directly. :.md--Vi~?~o acetate 
·. .· . 14 .. . . . .· . . . . 

thus incr¢a.sing the C o2; both tha.t appearing directlY and that going through 

acetate • 

. The drop .. in blood sugar w'hieh llOrmally oecru:s with .time. after eeting 

indicates . a 1.6lrcred glucose a.n.d. fructose pool. size. A lOwered pool size 
. . 

would r~sult in leas· dilution.~f the c14 label from-the injected he.."'..oses 

and a higher specific activity of the c14o2 •. 'rhus the dif':f'erence in oXidation 

rate (Figs~ a~ 3, ' and 6, 'rable I) !llUSt reflect a much greater drop in the 

absolute amount of' the carbohydrate converted to co2 than is indicated aolel.y 
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14 h by a co~arison of the percentage of C o2 . excreted at l o.ur and 22 hours. 

The change in the shape of the specific aati vi ty curves for these tlro 

~~~s is also probably a reflection of the specific dynamic action of food~ 

crhe tim.a o£ peak specific e.cti vi ty is increased as a function of time a.:fter 

feedinfct• Concom1 ta.ntly, the curve changes shape, becoming broad and flat 

topped. We think this represents a slo'Wing dow of ·most of the metabolic 

steps involved in the handling of these sugars 1 probably due to changes in 

co-enzyme concentrations and. enzyme .activity~. It is .the same modification 

of specific activity curve shape that the authors ba.ve observed. for starved 

or very sick (cancer) rats with glycine, glucose and aceta.te~18 

· When the body baa a surtei t of amino acids; as fol.l.ow.ing a large .meal 

in a healthy individual., it JDey" use some of these co~ounds as an .energy source. 
' 

At other times~ it Will conserve its emino acid su;pply using it principally' 

to maintain body proteins. Both the specific e.ctivity and cumulative excretion 

c'Ul"ves · for glycine-2...014 seem to reflect this conservation 9f glycine .carbon. 

':f!he peak specific activity of the 002 goes down from 166 t~ 4; ~c e14; gm 0 

:l.n @)ing from l hour after feeding to 22 hours after feeding. AlthoUGh the· 

dynamic action of food seems to be greatest 'When protein rich substances are 

eaten.- Forbes and Swift17 report that the ~c effects ot diets are not 

the ·e.ddi ti ve .effects of their. conponente end are not :f.n ~cord. w1 th their 

protein .ccmtentot .Also, inasmuch e.s there 1s no scientific means of apportioning 

energy effects of value$ among different dieta.:ey constituents, the dynamic· 

effects of individual foOds or ·nutrients are without. significance as constants. 

In View of these facts :1t iB not certain that the changes in glycine metabo .. 

lism as a fUnction of time a.tter feeding are due entirely ·to the specific 

~c action of feeding or to amino acid conservation~ Perhaps both contribute 
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their lilhare in rlev of the ccme:lderable drop in" rate ot . ~ine oxidQ.tiOn ·to 

c14oa betwen a~, am4 22 houri after the·mealewn-tbougb 8tr:/ ettects.ot 'the 

epecifio. ~o action of teedini would have -long ewe disappeared •. 

·The resultsl- 'therefore, at:mste.ntiate tJle CODC\89t of the "apec1t1c ~c 

Q.ct101l" of ·food, but t.b.G effect o'bl!leJ:"f"ed <ls.PendS upon the class· ·Of food tn.i. 
.. 1 . . 

volwd. "'cotate metabolism--~ .UttU -~ b;y eating or @Ort·ter.cn 

te.at1ng~ whereae .'bh$ c14o2 prQciuct1on -~ ~tOtBe an~ glucose clecrease4 

by about· 22 percent between one ana. .22 bowra. ~ ·~~ ~!mil that from . 
. . ,' ' .. 

gl;yc1mt. decrea&e4 b;r 6' pm:ocent. 
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LEGENDS 

Fig. 1. Schematic diagram of the respiratory c
14o2 analyzer used. 

f C 14 f . . . j . Fig. 2. Cumulative excretion o 0 2 rom rats 1n ected with acetate-
2-c14 of fructose-cl4. Each curve is the average of four animals. 
Cur:nulative percent of the injected dose, r~spired as Co 2 is plotted vs. 
time after injection. · 

Fig. 3 .. Cumulative ey~retion of C 
140 2 from rats injected with glucose -C 

14 

and glycine-2-C • Each curve 1s the average of four animals. 
Cumulative percent of the inje:cted dose respired as Co 2 is plotted 
vs. time after injection. · 

Fig. 4. Specific activity of C 
14

0 2 from rats injecj~d with acetate -2 -C 
14

. 
Millimicrocuries per gm carbon per 201J.c C injected normalized 

Fig. 

Fig. 

Fig. 

to a 250 gm rat is plotted vs. time after injection. · 

5. Specific activity of C 
140 2 from rats injectep

4 
with glucose -C"

14
• 

Millimicrocuries per gm carbon per 20 IJ.~ C injected normcilized 
to a 250 gm rat is plotted vs. time after injection. 

6. Specific activity of c 14o2 from rats injected with fructose-C"l
4

• 
Millimicrocuries per gm carbon per 20 IJ.C c 14 injected normarized 
to a 250 gm rat is plotted vs. time after injection. 

7. Specific activity of c 14o 2from rats injected with glycine -c6
14. 

Millimicrocuries per gm carbon pe.r 20 IJ.C c 14 injected normalized 
to a 250 grn rat is plotted vs. tirneafter injection. 
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