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EFFECT OF FEEDING GN G0, RESPIFATION CF LABEIED METABOLITES IN RATS®

Mertha R. Kirk, Samuel Lepkovsqu and Bert M. Tolbe‘rt/

Radiation Leborstory end Department of Poultry Husbendry,
University of Californis, Berkeley, California

‘rhe effect of feed.mg on carbon-lh respiration patterns follovlng 1n.1ec-
tion of acetate-e-cu,v glueose-cs l", fructose-cslu or glycine a-clh wes studied
in rate. Feeding mcreaees total coa production. Respiration patterns from .

- Metate are not @eaﬂy changed by feeding Feeding mcreaees glucose end
B t‘ructose oxidation to 002 and greatly increases glycine o:ddatim. The data
~ ere interpreted in terms of the specific dynamlc action of food.

® The work described in this peper was sponsored in part by the United States
Atomie Enerw eomissim and 1n nart by the Department of Poultry Husbandry,
University of caufornla, Berkeley, ca.l:lfornia. :

# Present ai!dre_sss Dept. _of'Chemistry; University of Colorado, Boulder, Colorado.
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EFFECT OF FEEDING O C''0, RESPIRATION OF LARELED METABGLETES IN RATS
Martha R. Kirk, Semsel Lepkovsky end Bert M. Tolbert’
Radiation Leboratory and Department of Poultry Husbandry,

University of Celiforania, Berkeley, California

. I% has long been known }‘.t';hat metabolie le‘vela‘ in animels Vchamge‘ es & func- |
tion of the time after food intake. After a big meal-an am.malmm vse more
oxyeen and will give off more cpa.l However, the rate of qxida,t@n to €0, of
specific compounds wes not known. ‘One objsctive of this study waa to_deters
"mine differences in resgiratién rate patterns hich nleht oteur among -f‘a'btyv
aclds, ‘si;gars; end amino ,acide.’ A second objective was to datermine ﬁhéther |
' food intake merely increased totel oxidation by means of a mass action etfect,
or whether 1t increased or decreased the fraction of a glven metabolic pool
thet vas oxidized to €0, per unit time,

* The work described in this peper vas sponsored in pert by the United States
Atomic Energy COImniss:Lon a.nd in part by the Departmen‘b of Poultry Husbandry,
University of California, Berkeley, California,

\

/ Present sddress; Dept. of Chemistry',‘University of Colorado, Boulder, Colorado.
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Rats were trained to eab t’heir- daily :ood in & couple of hours. Normal |
snimals with dietary habits of regular but intermittent feeding alternate be
' Wéen, pericds of surplus a.ud- storage and perlods of living off the stores.
The extreme inctance of single-meal training represents exaggerations of. the |
phases of metaboliem of normal enimals.? Tous, they ere particularly well
suited for this type oi’ stud,v ﬁccording to the report of wm.helmis the gbile
ity of enimals to meke the necessary ad,justments in me‘kabolism depends mainly
| on & balance be‘c.ween the secretions of tha pancreatic islets, the pitultery,
- m-the asirana.l cortex. = | \ |
| At selected tine intervels after .f_eeding,- these trained vats were ine
| '.ﬁeet@a_;wﬁh‘a tracer dose of éarbox_i-lh lsbeled _é'c’:etai;e » glycine, glucose or
fructose. The cumlative bresth excretion as well a.s .'bhé specific radicace
%;ﬁ.vi%y of the cl’ 02 Was measured and recordeda These '&a.t_a' ax’é: ,@resénted and -
interpreted in terms of metabolic rates in the enimal es a function of time

after feeding,

By e treining period of three months, Long-Evans rate were taught to
consuns their total food inteke for 2k howrs in & two-hour periods On such

& echedula they davelop and gain weight normally, The training was begun

when the females were three months of age and the males four. montha 8o that.
they were six and seven months old et the time of the ex;periments. ~ The ave
‘erage weight of the females et this time was about 250 grams, vhile the males
welghed from 425 to W75 grams. They were fed on e diet that consisted of
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vhole wheat ground, 62.0; whole milk powder, 10.0; ’commercia.l casein, 15.0;

NeCl, 1.0; CaC03, 2.0; beef fat, 10.0; vite. A aso mg/kg (20,000 v.S.P.

Uni’bs/gm) ‘ '
The labeleé. compounds used in this experiment were sodium acetate-2-C

-‘ DL-glycine 2-Clh 6, and the sugars, glucose-%‘m end fructose-cé l‘, which

1!&3 5

were prepared by biosynthesie7’8 from Canna leaves by Dr. B. W. Putman.
“These sugars were then repurified by peper chromatography 'ao' that the final
ﬁmducta contained not more than 1% :adioactiva impurities. All solﬁtibma '
Zor injection were made 80 that an injection of 0.2 ml contained 2 mg gube

strate with 20 pe C h

"‘he rate of oxidation of thase compounds to cll‘

wasf :detex‘mined 8%
specific times after the rats had completed their normal two;hour daily
‘feeding.' - At 1, 8,5 or 22 hours é,ftar the feeding pericd, the animal was
injected intraperitoneally vith the radlosctive compound. and pleced fn a -
meta‘bonsm ,_cage (see Pig. 1_). Aly was pa.seed.through jt.his t_:a,ge at & ‘°°’_“"'
stent %00 'Ec/min, through ax'i_ﬂi.o‘n chamber-vibrating reed elaétrOmeter, unit

to measure the'clu in th:é_' gas, end then through an inffare& C'Oa gas a.nalyzeri
A modified thres channel recording potentiometer recorded not only the P

| per it time and. the percent €0y in the breath, but also divided one by the

other to give the specific activity of the C l‘oa vhich was alsa recoraea.9'1°

‘The concentra.t:ton of cl'*

a and €O, dn the respired alr was measured
contimously for two hours after the injection end st lesst four rate (two
‘meles end two females) were studled for each compound mnd for eech interval

after feeding. The data from each measurement was analyzed to give the
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average rate of‘-(:,o2 excretion in miuiyam; per minute and to give the curves

for the cumulative percent of the injected dose expired as CO, and the specific

1k

sctivity of the ¢ 0

o both es a function of time.

RESULTS

The cumilative respiratory excretion of c“‘oa from acetgte-z-cu,

glucoée-vcén, i’ruetose#célu and glycimoaaﬁlu

1s plotted in Figs. 2 end 3

as a function of time after ,mjgctipn' of the labeled compound. For each
compound three curves are g,iv@n; representing 1, 8.5 or 22 hours after feed-
ing. These deta ere sumarized in Teble I, which also gives the ax}erage pro-
dﬁction of (‘:Oa in milligrans per minute for esch group of é,nima.lm; In calcu;
leting these data the €0, production for each animal wes corrected to an ed-
Justed aninal weight of 250 gus by miltiplying the actual €O, output by the

ratio (250/w)°°75 where "W" 1s the entmal’s weight in gz‘ams.uﬁa

3'!"02 wes expressed a8 millimicrocuries of -

The specific activity of the €
'carbon{-il# per grem of carbon {in the breath 002) for & 20 pe injected dose
of ¢, The data for each animal wes sgain adjusted to en enimal weight of
250 grams by miltiplying the specific sctivity by the factor (W/250)°°7%,
| The uze ‘oil’ Kleiber's factor in these ecalculations not -oix._iy eorrects”fér the
éhange in surface erea-to-mass ratlo encountered with ouwr widely irarying
animal weights, but at tlhe. samé time it normalizes the redioactive dose eo
that we ere comparing eQ\uvaiexit‘ smounts of .rad.ioactivi’éy injected into
equivalent sized animals,

| Plgs. i through T show the C]""

02 specific activity ve. time after



TAKLE I.

1l

- Curnletive Exeretion of C 02 from Rata. at. Various Times.after Feeding®

Metabolite

Time of
Injection
Hours after
Peeding

1k

Cumalative ¢ 02

“excretion (1% injected C

__ Mlnutes after injection
0-k0

0-20

Q=60 »

0-90

104120

lh)
_ verage

rvoduetion. of

€Oy, mg/min

Acetameoa-cl&

9:T1
9.37
1ok

22,48
’ 22087
2Lh,63

30.95
33404

_34.08

39.60
k2,76 |
Y27

W23 |-

K8.46
k9,68

T.52
129

Glucomocélu

2.95
3.46

9.36

5.35

10,60

16.71

17.90. |
9.91 |

25.69 |
26.51
17.60 |

30.65

32,34

23,30

v9;07 _
8.55

6.36

Fructoae—cslh

1.3

3.95 |11.20

2.61
1.7

8.63

5:95

17.21
1%.57

23.59
- 21.8%
16.59 .

27.78

27.85
21,97

8,88
8:39
6,37

Glycine-2-ctY

5.35
2.59
115

2.27
.83
3

10.55
719

3.91.

1,90

9.87

555

11,23
1.0
ka2

1050
8,22

‘1 :-;7'73:‘:'

# Bach valua 1s7the aweragg‘of data frdm four‘animals.
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injection curves for labeled acetates, glucose, fructose and glycine metabo~

lism as a function of time after feeding.
DISCUSSION

As indicated in the introduction of this paper, we expected a decrease
in aversge 002 production as a function of time efter eating. Except for
one instonce this was observed in all :):‘ourr series of experiments. As a eim-
11er result we found that the frection of & given tracer dose of glyeine-2-¢+¥,
glucc‘v:ee~-'(‘.6l'l'L or ffuctoseucém that 1&\ oxiddized to 002 also decréaaes with time
after fceding, Of these three compounds glycine showed. the grestest decrease
| ~ (percent oxiéized went from 11.2 to h.1). Glucose and fructose both showed
sbout the same relative percentege change. Acetate metabolism to Coa » on the
other hend, incresses slightly with time after feeding goi.ng from ’#11-'.2% to
49.6% for the one hour and the 22 hour period, respectively.

- Bome of the changes in the oxidation of these labeled c.or@mmds can bs
easily interpreted on thg basis of known 'mtemed;ary metabolism., It is only
necessary to essume & "specific dynamic action" of food. Black, Maddy and
sutee?3 detine the “"specific dynamic action of foodstuffa" a8 'bhe incresse
in hea:b production as a result of the ingestion of food.. This is generally
estimated as about 64 of the caloric value of food eaten and is highest vhen
protein rich subatandas are fedQ ‘M& assumption is substanﬂ_ated by our
average CO s productim aata, aa well aa by other research 14,15

Acetate metsbolism is lesa disturbed. by feeding than any of the four

compounds. The acetate to coa gpecific activity curves follow no conslstent



e 0 w  UCRL~3854

patitcrn change, the 22 hour curve sl;owing the highest peak of specific ac-
tivity and the 8.5 hour curve, the lowest. Nelther is there any change in
the shape of the curvésé. .We infer thean,' that the Traction of the aceté.te‘
pool being oxidized io €O, in a given tine (via. the Krebs cycle) remains
about consta.n‘b, and the speciﬁc activity will e.lso not eharply change.
'I‘he acetate figures then would not be changed by the specific d:ynamlc ace
tion oi‘ food,- although the poo]. aize may changa apprecia,bly. Also i;he evie
”dance 1n&icates that fa.t can be mobilized. i"rom the depo‘hs to the liver.
'Levin exzd rarberlG have shmm tha:b in the mouse this procesa is under the
control of tha growkh homone, ACTH, and pczrhs;gm some enzymatic regula’cion. " 
| In the rat ccm'brol is regulated by the growth hormone s the s.dre*xal cor Lex
'and thsa adrenal medulla 17 This contmuima process af i’at st@mge ‘gnd. -
‘ranobilization would alsgo tend %o stahiliza acetate oxidation. -

Glucose and fructoae are presumad o:»:idized via the: pen‘base ghun’ and
tha Emden»i\@erhcff rea,ctianse 'rhe 8pecif1c dynemic ection of Tood will here
lncreasa ‘the amount of glucose appearing as C@a j 'both direc’cly and via acetata
'hhus increasing the c "o s both that sppearing dircctly and, thet gaing *throubh
asetateo » , ) _

'Jl‘ha drop in blood sugaxr vhich normally occurs wiﬁh %ime. after eeting
1ndicatea e lmremd glucose e.nd fructose pool sim. A 1W~t’l pool gize

would reeult in J,eaa dilution of the c h label fyom the injected hexoses

and & higher- specific activity of the cl"

0, “Thus the difference in oxidation
rate (Figs. 2, 3, 5 end 6, Table ‘1) must reflect a much greater drop in the

ebsolute amount of the carbohydrate converted to €O, than is indicated solely
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by a comparison of the percentage of Clhoa—_emreted ab 1 howr and 22 hours.

The chz-s.ngé in the shape of the specific activity curves for these two
pugars 1s also pxjobab]y a reflection of the specific dynanic action of fdoci;
The time of pesk specific ectivity is increased as a function of time after
feeding. éoncomi‘bant_ly,' the curve changes shape, becoming broad and flat
| tc»pped; We think this represents s slowing down of most of the metabolic
steps involved in the handling of thes‘g sugars,. pmbably_ due Ato chamges in -
co-énzyma- concentrations and enzyme activity.. Tt 18 the game modiﬁca.tion
of spéciﬁc activity curve shé.p'e that the’ authors have o‘bs',er\'red for starved
or very sick (cancer) rats with glycine, glucose and acetate.la |
| - When the body has & aurfeit of amino acids, as. fol.’lmrlng 8 large meal
in a hea.lthy individual, it may use some of these conmoungls a8 an energy source.-
At other times, 1% will conserve its emino acid supply. using 1t principally;

%o mainteln body proteins. Both the specific ectivity end cumilstive excretion
curves  for glycine-auclh seém to reflect this conservation of glycine -,éarbon. i
The peak specific activity 61’ the coa goes down from 166 tez; 45 e cll‘/gmc o
in @oing from 1 hour after fesding to 22 hours after feeding. Although the
dynenic action of fc‘;od' seeus to be greatest when protein rich substances ere
veaten, Forbes and 8wif‘b17 report* that» the dynemic effects of.diete are not

the additive effects of their. components and are not in w.:cord with -bheir
protein contents Also, ’ :l.naamnch &8 there 13 no scientific meens of apportioning
energy effects of values among different dietary constituen’cs N the dynemic |
effects of individual foods or nutrients are without sigz.iﬁcanceas constants.
In view of these facts it 1s not certain that the changes 1n glycine,metabc}- )
1ism as a function of time ai‘tjer'feedii;g are due entirel& 4o the specific
dynamic action of feeding or to amino acid conservetion. Perhzps both contribute
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" their share in view of the coneidersble drop in rate of glycine .oxidat:.on‘-ﬁg ‘
c*o, between 85 and 22 hours eftar the mesl even though any effects of the
) Bp'écificv dynamics action of feedﬂ.ng would have lmg aihce’disappéalred.

| “The results, themfom, substentiate the concept of the “specific dynanmic
action“ of food, but th@ aﬁ’ect observed depends mn the class of food ine
volve&. Acotate meteboliam was 14tt1é changed by aating ar short-tern -
mmng, whereas tho ¢*'0 0, Produstion From frustose and glucoss decreased

'by ebout: 22 pereent betwean one ond 22 hom after memm a0 that fron

glycim decreased by 65. pemen‘%:. .

L]
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. 4. Specific activity of C1402 from rats injecied with acetate-2-C
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LEGENDS
1. Schematic diagfam of the re’spirato.ry C:MO2 analyzer used.
2. Cumulative excre'tién of C1%0, from rats injected with acetate -
2-Cl14 of fructose-C!%, Each cufve is the average of four animals.

Cumulative percent of the injected dose respired as Co2 is plotted vs.
time after injection. ' v

3. . Cumulative efgrenoh of C14O from rats injected with glucose-Cl

and glycine-2-C"%, Each curve 18 the average of four animals,

" Cumulative percent of the injected dose respired as Co2 is plotted

vs, time after injection.
14

Millimicrocuries per gm carbon per 20pc C”° injected normahzed

~to a 250 gm ratis plotted vs, time after injection.

5. Spec1f1c actxvity of C140 from rats injectefl4w1th glucose-C 14

Millimicrocuries per gm carbon per 20 pc C" " injected norma 1zed
to a 250 gm rat is plotted vs, time after injection, '
6. Specific activity of C1402 from rate injected with fructose-C 14.
Millimicrocuries per gm carbon per 20 uc C 4 injected norma&zed
to a 250 gm rat is plotted vs, t).me after injection,

7. Specxfic act1v1ty of C 4O2 from rats injected with glycme C 14
Millimicrocuries per gm carbon per 20 pc C*~ injected normahzed
to a 250 gm rat is plotted vs, timé_after injection,
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