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ABSTRACT 
I 

The oxidation of acetate-z-c14
9 glucose=c

1
:. and g1'.ycine-Z~c 14 t~ c 14o2 

was studied in the hereditary obesity ~~drome of mice. Both the rate of ex~ 
cretion and cumulative excretion of C Oz from acetate was, depressed in the ob~HH'!l 
mice as compared to the controls. Glucose metaboUsm was not changed 
appreciably except for the obese males that showed a miM-diabetic ~type pattern. 
Glycine oxidative metabolism was not particu~ary affected in the obese mice. 
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OXIDATION OF ACETATE 9 GLUCOSE OR GLYCINE TO CO 
IN MICE EXH:U:BJCT:rNG THE HEREDITARY OBESXTY SYNDROtAE 

Ann M. Hughea and Berl: Mo Tolb~rt 

Radiation Labora.t@ry 
University of CaUf@l"nia. 
Be rke ll<e y. Callifo ;rnia 

. A strain of mice. developed at the Jackson Memorial Labol'&tory. Bar H~rb@rD 
Maine. which exhibits a hereditary obesity-diabetes syndrome has beJt'.l!"ii rather e;x,~ 
tensivelr studied. A concise review of !:hie work is presented by Guggenheim and 
M~yer. . ln the. same .paper. they,abo repor~ studies. ~n acetate metaboHem in 
tlns at:ra1n of mace. w1th a decreHaeed p:roduchon of C! 0 2 from labeled acetate 
over a 3-hr period. and suggest a partial block of the c2 ~fragment oxidation a.s 
the characteristic biochemical lesion in' these animaJs. Parson and Crispen2 

present data that do not confirm the results of Guggenheim and Mayer. 

Mayer. Bates. and Didde 3 report a high blood-sugar level i~ thea~ obes~ 
mice: 200 mt!/o compared to 110 mg% for the nonobese contrclso The blLood-augar. 
levei of the obese mice was lowered 50 to 60o/o by fasting for four houra. whili~ th~t 
of the controls remained unchanged. The obese mice also proved to be very in= 
sutin:·.- resistant. 

In order to obtain additional data on these animals and their metaboH~ 
abnormaJity. we have ~etermined the patterns for carbon-14 dioxide ef~retion 
foUowing the injection· of labeled flucose. acetate. or glycine. The C · respir&= 
tory patterns following glucoee -C 4 administration were determined for one animal 
with and without insulin. These data have been used to define further abnormaHtit~s 
of intermediary me~abolism rates or of metabolic-pool sizes. 

EXPERXMENTAL 

Obese mice, both male and fe.maleD and their Htter-mate controlls were 
obtained from the Jackson Memorial Laboratory. Acetate -2-C l4. glucose -C 1l 
and glycine -z-cT4 were the compounds tested. In each case the dose. injected 
either intraper~51neaUy {i. p.) or intravenously (i. v. ), was l mg and contained · 
about 5 iJ.C ?f C . Respi:rato.ry excr~tion of C l4o2 ;was foUowe? the~e~ft~r for 
7 hr. In th1s method of atudyu'lg resp1ratory metal:iiohsm. i:he an:tmal1s tnJeded 
with a labeled compound and immediately pb.ced in a glass cage. Air is drawn 
through the animal cage, then through an ionization-chamber. vibratin.g-rel!;'!d~ 
electrometer combination which continuously measures the radioactivity in the ~.ir 
passing through the chamber and records the vallue on a recording potentiometero 4 · 
The dats. obtained in this manner can be expressed as a ll'ate curve (percent per 
minute cf injected dose respi?.ed as cli4o2 plotted va. time after injection» and as 
a cumulative breath-excretion curve (cumulative p®rc®nt of injected dosll!l excreted 
as cl4o2 plotted YfiJo time after injeci:ion~. Each expe:rimental cu:rv~ given in thiB 
paper representetiie average of data obtained from 12 animaJs. 

RESULTS 

The first expe:d.men.ta. in which acetate w~s injected L p •• showed a etlriking 
differEH.lCe between t:b.e obese and. con~:roli a.nimah «aei!': Figs. land Z)o It!: was feU 
that owing to the g:i:eat quantity cf fatty i;iasu.~ in the abdominal cavity of i:h® obese: 
mice. the coo.aideK'ah~.a differenc:~e se~f:i! in r®ephation could be-; mosH.y- c&\lHiled by ~-
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slower absorption of the injeded acetate. Therefore, the .e::~q:~eniments. VJf;re 
repeated" injecting the acetate i. v. instead of i. p. The same type of respiratory 
pattern differences were observed (see Figs. 3 and 4). 

In the first experiments involving the meta.boHsm by obese mic® of L p • .• 
injected glucose» we found a rather wide variation among &llima.h. dep~mdi.ng to a 
large extent on their physical activity. In an.a.ttempt to reduce this variation" 
and also to eliminate the possibility of poor absorption of the i. p. gRucose by· 
the obese mice, we repeated the experiments" injecting thti!l glucose i. v. The 
results from these later experiments showed a considerably improved r<l!l m 

producibiHty9 but there was such a difference between the :male and female 
mice that the results on glucose-to-C02 oxidation are x:u.·esented separate~y for 
each se~:: (see Figs. 5 and 6). 

As can be see~ fr"?m F:iga,
4
1 and .8 9 ~here was no striking ~ifferenc® bel:wee!cr. 

obese and control mu:e m the c- respu-atu:m. patterns from glycme-Z-cl4. 

DISCUSSION 

14 T~e rate at whi~h a trac~r carbon-14-labelied .meta~olite is excreted a.a . 
C 0 2 ut the breath 1s a funchon of many factors" tncludutg the rf,ttea of ox1dl>,.twn 
for tlie seversJ steps required to convert the compound to C02 » the si~es of the 
several metabolic pools on this pathway(s) and" finaUy. the'' sue and turnover 
rate of the body bicarbonate pooll itself. It is not the purpose of this paper hll 
attempt to anallyze this complex of reaction kinetics. Rathe:r 9 we wiH attempt t~ 
interpret the data presented above in a quaHtative wayo 

In the first hour foUowing injection of labeled f~et:ate, there is a signif:h::ant 
decrease in the fraction of the activity excreted as C 0 for the. Qbef.{ mice as 
compare.d t~ the. co.n~rola. In addU:icme the rate of ®xcre~ion of the C 0 2 from fu<e 
obese mu:e t.s su.grnf:~.carttly depressed as compared to that of the controlso Th~se 
data confirm the conclusion. of Guggenheim and Mayerl who suggest that a partia~ 
block of the Cz fragment oxidation is the characteristic biochemical Resion. iri these 
animals. However, a direct comparison of results cannot be made· becaus® we 
used methyl-labeled acetate whereas the other workers with obese mice have used 
carboxyll-labeled acetate. · 

The turnover and equilibration o£ the acetate pool, is sufficiently rapid that 
in one hour most of the injected acetate -z-cl4 will either have beE!ln <l!lxcreted or 
equilibrated with many other compounds. We can infe:r·, t'herefore, that the re~ 
duced oxidation rate for this. c 2 fragment must reflect either an increased 
synthesis of fat or suga:rse or a vaeUy increased body pool of intermediates 
leading to these substances. 

·. The discrepancy between Guggenheim and Mayer»s work and that of Parson 
and CrispeUZ may weU be a matter of dose size. Guggenheim and Mayer 0s vallu® 
was about 0.8 mg aceta.tt!/gm booy weight: which ie a very high doseo Whether 
this is c:ritica~ for carbo~y1-~abe1ed acetate is diffkuU: to fHi~Yo Fer me.thy~-Rahded 
ace tat®. it ie the maximum that one may use a.nd stiU get anything like a norm.al 
respiration p&tterll'i. PSl.:rfilon and Crispen do not de:H.1ru:s a gravimetric dos®~ 
all.though we assume il: was lie:ss than tha~ of Guggenll:u~im and Mayer ju.dging from 
tb.ei:r radiochemical aoui~ce. Th.~ ceib@xyl (;!a!"bon of ac®l:a.te is much more rapidTI.y 
and conap1ete1w oxidized. to C02 tha.n. is the methyl carbCt'l. Jit iso th®reforeo m@li:'® 
difficult to mea~ure cbang11H:l in the rate of acetate metabclism t~sing thia [abeied 
isomer, 



-7-

5.0 

4.5 
OBC 

~ \ 4.0 I OB 

I 

3.5 
I 
I 
I 
I 

w 
3.0 

I 
I- I :::::> 
:z I :::2: 

I 0::: 
w 2.5 I 0... 

0 I 
w I . 0::: 

0... I (/) 
w 2.0 I 0::: 

w I (/) 

0 I 0 

LL 1.5 I 
0 I 
I- I :z 
w 

\ <....> 
1.0 0::: 

~ w 
0... 

0.5 

0 
0 60 120 180 

TIME- MINUTES 
MU-10566 

Fig. 3. Rate of reiiiration of c 14o2 .following i..v .. injestion 
of acetate -2 -j . Percent per ma.nute of the lnJected dose 
respired as C 4 o2 is plotted vs. time after injection 

OB = obese mice 
OBC =litter-mate control mice. 

UCRL -3853 



__ 100 
w 
U) 
0 
Cl 

b w 
f- 80 
u w 
~ 

z 
lL 
0 
f- 60 
z 
w 
u 
0:: 
w 
a.. ........ 

040 ,. 
u 
>-
0:: 
0 
f-
<( 

20 0:: 
a.. 
U) 
w 
0:: 0 

I 
I 
I 
I 
I 
I 

/ 
I 

I 

60 

/ 

-8-

OBC 

----08 ---------
.......... -/ 

-

120 ' 180 240 

TIME- MINUTES 

300 360 420 

MU-10565 

UCRL -3853 

Fig. 4. Cumulative respiratory excretion of C 14o
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following 
i. v. injection of acetate-2-C 14 . Cumulative percent of 
injected dose respired is plotted vs. time after injection. 

OB = obese mice 
OBC = litter -mate control mice. 
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In our work the difference observed in the rate of respiration of C 14o 
from labeled ac~tate derived from i. p. or L v. injection is probably due to t~~ 
slower absorption following i. p. injecti@Uo The fact that the cumull.ativ€ 
respiration of cl4o2 is abo decreasedv ew~n ov~r seve~n houre 0 is mere; 
difficult; to explain. Because most of the peritoneally absorbed acetate mus~ go 
through the Uver before it can enter general circulation and met21.boHam 0 we feel 
that this difference could represent the metabolic difference between a first p~u1s 
in the liver vs. a first pass in. the over-aU body tie;suee. This picture is consist~nt 
with the present knowledge of the liver as a very active site of metabolic a~nthesis. 
and with some unpublished results from th~s laboratory on .respiration. of C .4C:2 . 
from the several labeled lactates and succ1nates as a fu:nchon of the tnte of lnJEH:::hcn. 

The metabolism of glucose to COzo measured as a rate study (Fig. 5} or t;).S 

a cumulative oxidation of the glucose to C02 (Fig. 6} 9 is very comparable for the 
female obese or control mice and for the male controls. The obese male mice 
present a rather different picture. This abnormal glucose -metaboHsm pz.U:ern itJ 
probabRy derived from the high blood-sugar leveb found in these obese mice by 
Mayer 9 Bates 9 and Dickie. 3 The depressed activity and cum~lative cl4o 
respiration is in accord with the ~ata of Tolbert and others 5 - who have s~udi~d 
the oxidation of glucose clt to C 4o2 in diabetic rats and mice. 

It is interesting to note that the obese male mice show this glucose ~oxidal:i~.HP-
abnormaHty dearly. whereas it is just barely inferred from the data for the obese: 
female mice. Clinical tests for diabetes in these mice were negative e;xcept 
for one male mouse that was not included in the above data. This mouse showed a. 
positiveu·rine~sugar test and the glucose metabolisn'l was so modified that only !Oo/o 
of the injected glucose was recoveFed as co2 in the 7 -hr period. The administr~J:ion 
of insulin with glucose tripJ.ed the amount of glucose -clt oxidized to c 14o2 • 

The rate of oxidation of glycine-Z-C 14 to c 14o2 is slightly faster for ~bese 
mice during the first hour aft:;_r injection of the gliyeine than fer the controls. 
Cumulative excretion of the C 4o2 for the obese ~s. control mice becomes nEJarllf~ 
identical after the first few hours, although the pealt-rate difference is about ZOo/o. 
The direction of change is consistent with the picture that the obese mice are 
prooucting active acetate from any avail!.abll.e food sou1·ces for the synthesis of fat. 
In the control miee 9 less of the glycine would be degraded to this fat precureore 
so less activity would appear in metabolic pools where it couRd be quickly oxidized to. 
C02. 
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