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Denham H. Harmon, Martha R. Kirk, and B. M. Tolbert

‘Donner Laboratoi'y of Medical Physics and Radiation Laboratory
. University of California, Berkeley, California

October 7, 1957

ABSTRACT

: . 14 14 . 14
The metabolism of acetate-2-C~ ", glucose-C™ "/, and glycine-2-C
was studied in rats as a function of starvation and tumor growth. So meas-
ured, acetate metabolism was not affected, glucose utilization was at first
depressed and later showed a moderate increase. Glycine was conserved in
the tumor-bearing rat during the period of weight gain, but oxidation to CO
increased markedly during weight loss in both the starved and tumorous animals.
The glycme and glucose rate curves all showed a delay of the time of peak
specific activity with starvation, presumably a result of depressed 1ntermed1ary
metabolic rates. -
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. EFFECT OF. CANCER AND STARVATION ON THE 14
OXIDATION OF LABELED ACETATE, GLUCOSE, AND.GLYCINE TO C O

Denham H. Ha.rmon+ Martha R. K1rk and B. M. Tolbert§

Donner Laboratory of Medical Physics and Radiation Laboratory
Un1verS1ty of California, Berkeley, California

October 7, 1957

Cancer cells are believed to liberate a 'toxohormone' into the blood
stream, 1,2,3. 7o this compound (or m1xture) is attributed the progressive
depress1on (probably through inactivation) of the iron porphyrins--most marked
in liver catalase. Inasmuch as the mechanism of inactivation of other oxidative
enzymes may be similar to that of the iron porphyrins, the presence of cancer
may result in a progressive change in the rate of metabolism of common food-

stuffs’by the host.

As a prelude to possible work with human cancer pat1erlt‘f the ability of
Curt1s Dunning rats.to metabolize acetate-2-C 4, glucose-C 6 and glycine-
2-cl4 to C14OZ has been studied as a function.of time before and after inocula-
tion with cancer and then at interwvals. until death. Since cachexia-is such a
prominent feature of late cancer, the effect of starvation was investigated also.

In this procedure, the ammal is 1n3ected w1th the 1abe1ed metabohte and
placed in a cage. Automatic equipment then measures and records the breath
excretion rate for CO, and cl4 and calculates and records the C /COZ ratio,
~ which is the specific activity of the excreted C 402 These data are presented
in this paper as a Cl140, spec1f1c activity rate curve and a- cumulatlve C
breath-excretion curve. : . :

_ EXPERIMENTAL PROCEDURE | .

The apparatus used in this work has been described previously, " and
consists of a flow-control system, an ionization chamber-vibrating-reed
electrometer:for C14 measurements, an infrared CO; gas analyzer and a
ratio- analyzer -recorder, The arrangement of the equipment is as shown in
F1g 1. ' : ' '

The carbon-14 respiration rate patterns were measured as follows:
The rat was injected 1ntraper1tonea11y (i. p. ) with a fraction of a milliliter of
solution containing about 5 uC in 1 mg, or less, of the compound. The rat
wa's placed 1mmed1ately in the metabolism cage and the excretion pattern
measured for a period of 7 hours

The work descr1bed in this paper was sponsored by the U. S Atom1c
Energy Commission. S :
,Present address: Department of Chemistry, University of ColOrado,'

Boulder_, Golorado.
Present address: Umted States Veterans Adm1n1strat1on Hosp1ta1 San
Franc1sco California : : :
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A strain of Curtis-Dunning rats was used in which an undifferentiated
carcinoma had been carried for some years. ‘A given animal was used with
a given compound for the entire series of measurements. Two patterns '
were obtained for each animal in the period before starvation began or before
tumor inoculation, and thereafter patterns were measured every 3 to 5 days
during the time the an1mals remained alive. The’ rats were measured in
rotation. The starvation experimenté (no food, water ad lib.") were conducted
in the same manner as the tumor exper1ments using tumor-free animals of
the same strain. :

The, t1me elapsed between measurements was suff1c1ent for background
radioactivity in the breath to become relatlvely constant over the 8-hour
period.” This background flgure could then be subtracted by proper adjust-_.
ment of the controls before a given run was started. In general, these back-
ground. rad10act1v1ty values were. 1ess than 1% of the average rad10act1v1ty
for a given run. : :

RESULTS

The C~14 resp1rat1on pattern obtained from the 1n_]ect10n of a labeled
compound in an animal is the reflection of a great number of biochemical :
reactions and equilibrations, as well’as physiological processes, suchas
the body-bicarbonate clearance time. Therefore, the authors have chosen:.’
to present their experimental results as a series of curves, rather than
numerical data on peak specific activity and time--which, incidentally, can
be quite variable for a glven labeled substrate o ' :

The complete C O resp1rat1on pattern may be’ expressed as two
curves: one is‘the curnulatlve excretion of C14OZ plotted as a function of:
time after injection, and the other is the specific act1v1ty of the- C14OZ plotted
as a function of time after inj ect1on The first curve is not an integration of
the second, since the total C per unit of time includes not only the
specific activity of the CO, but a%so the weight of CO, that is produced per
unit of time. In order to s1mp11fy the presentation of the data, cumulative .

C 1402 excretion has been. presented in tabular form wherever poss1b1e '

In order to correct the data for changes in animal Weight all C O‘
values have been adjusted to a given dose of radioactivity for a g18en we1g t
of animal using the ratio, (average weight (250 g)/animal welght)

The carcionoma used in this work usually k111ed the. ammal in about
30 to 40 days. During this time about ten resp1rat10n patterns were measured.
Since it is impossible to present all these data, four representative curves
were chosen for each animal condition (cancer and starvation) and compared
The data for the oxidation of acetate-2-C1% to C140, are given in Fig. 2
and Table I. As can be seén, the acetate-to-CO spec1f1c activity: curves do
not change much with tumor growth. The glucose C 46 and glyc1ne 2-cl4 -
curves are given in Figs. .3 and 4, and also in Table I.

In general, fewer respiration patterns were made for the starved rats
than for the tumor-bearing rats because of the shorter duration of the ex-
periments. Figs. 5 through 7 present the specific activity curves for the-
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" Table ‘1

Cumulative excretion of C140 following injection of
labeled compounds in tumor-bearing animals. Data
are expressed as percent of injected dose so excreted,
for the 1-, 2-, and 7- hour time intervals.

Animal - Tumor
condition ' grow
(days) ' |
‘ Ac:ei:a._te-Z—C14 _ Crlucose—C;l,4 _Glycine-2-c14 .
W ~ Zlhr Z2hr Z7hr Zlhr Z2hr %7 hr Z1 hr 22 hr =7 hr
Normal 0 39.80 54.26 64.57 4, ‘ S
| | | '25.57 44.36 58.82
5.84  9.45 15.89
Incubation 9 31.00 45.42 57.30
phase _ ‘ :
12 , 31.23 47.97 60.49
7 | ! 5.13  8.30 14.48
Growth 21 . - 33.30 46.27 55.68
phase L _ : o ,
19 - . 23.30 45.30 59.75
12 . 7 3.47  6.06 11.25
Peak 27 32.08 47.00 59.53
cancer ’ : ’
size ‘ : :
28 9,20 30.08 5593
19 S 2,46  5.17 11.18
Weight- 34 28.01 43.11 57.33 |
loss | .
period _ v _ : :
| 33 L ’ ' 5.27 18.22 48.04
25 ‘ : 5.13 12.52 -25.16
" Moribund - 37 2632 42.23 57.92 : _ (dgqad)'
36 o 10:13  27.30 58.71 O (digg)
28 N : ' . 2.65 12.40 29.96
: ‘ : ‘ (died 28
days)

Time of cancer inoculation was taken to be 0.
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C14OZ respired for acetate-Z—C14, gl:ucose—C146, and glycine—Z-C14,
respectively. In Table Il are presented the cumulative excretion data for the
C*70; in terms of percent of injected dose., '

: n an additional longer-time exper1ment metabolism of glycine—Z-Cl4
to C” "O; was measured for two moribund rats, one from the tumor experi-
ment and one from the starvation experiment, for about 20 hours. The cum- -
ulative curves of respiration of C14O7_ are shown in Fig. 8 and therein com- _
pared with the curves for the same rats in a normal state before the exper- -
iment began.

In addition to the respiration- pattern data Just presented, we1ght and
COZ production data were kept for each animal. Representative records for
" a tumor-bearing animal and a starved animal are given in Figs. 9 and 10. °
The weight of the tumor animals was relatively constant for about 10 days,
then increased rapidly to a peak at about 25 days, after Wwhich the animals did
not eat much more but went into a rapid decline, losing weight quickly until
death ensued. Starved animals lost weight continuously throughout the
experiment and died in 12 to 15 days. :

DISCUSSION

Acetate-to-CO, metabolism is apparently one of the most unchangeable
processes of the animal biological system. Neither very severe starvation
nor the final stages of cancer could appreciably change the acetate respiration
patterns. As long as the animal was alive the fraction of the pool oxidized to
CO, and the rate of oxidation of this fragment remained relatively constant.
This dbservation is consistent with feeding experiments in this laboratory in
which sudden large food intake in rats d1d not apprec1ab1y change ‘the acetate
respiration patterns.

Glucose-C 14 is oxidized to CO, more slowly as the tumorous rat
begins to lose weight, and this charac%eristic was also observed in the starved -
rat. Both the tumor-bearing and the starved rats displayed a moderate in-
crease in glucose oxidation as the animal neared death.

Glycine—Z—C14 oxidation to C1402 followed a distinct progressive course
in the tumor-bearing animals. First, glycine was conserved as the tumor
grew, i.e., during the period of weight gain, Then glycine-to-CO, oxidation
increased progressively as the animal lost weight and refused to eat and the:
tumor necrosed. The starved animal displayed'a marked progressive in-
creas inrate of conversion of glycine to CO, as a function of starvation time.
This is consistent with the work of Bansi, who found that in starvation, al-
though fat is still present in the depots, and the majority of caloric needs are
met by burning up the fat reserves, nevertheless more protein is used up
(as indicated by increased excretion of nitrogen) in this state of affairs for
the purpose of energy than corresponds to the wear-and-tear quota--that is,

. to the endogenous mtrogen minimum.,

All the glucose and glyc1ne rate curves show an interesting phenomenan
in the later stages of the experiments, i.e., as the tumor growth and (or)
starvation progress, the peak-specifi,c-a.ctiv1t1y time comes later and later.
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Cumulative excretion of clto fdliowing ihjection of labeled
compounds in starving animals.
‘cent of injected dose respired for the 1-, 2-, and 7- hour time

Data are expressed.as per-

intervals.
Anirr}é.l: , - : — :
conditions . - Pey 4 Acefate~é;Cl4 ( Glﬁcose-Clé Clv'ciné-Z-C14
2Z1lhr Z2hr Z7hr Zlhr Z2hr Z7hr Z1hr Z2hr Z7 h
Normal 0 3128 46,85 60.Z1 |
-0 20.06 35.88 57.26
0 | 3.24  7.73 13.61
Mild 3 22.47 39.11 57.09
starvation :
4 4.69 15.12 31.95
5 3.11 6.21 13.65
Severe 9 25.77 40.67 59.19
starvation S
11 6.53 17.47 45.94
8 | 6.03 1135 19.26
Moribund 14 (Not determined)
15 | 18.68 -35.30 62.1
11 9.79

3.26

28.85
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Furthermore, the specific-activity curves become more rounded and the
peak is flatter. This change of rate pattern probably reflects a slowing down
of all the metabolic processes in the body--a result, we presume, of smaller
enzyme and cofactor concentrations. However, in no cdse can we- attribute
any specific effect of this type to. the cancer, exclusive of the generalized
debilitation and starvation. : : e

In conclusion, we observe that if these particular capcer cells do
liberate some substance such as toxohormone into the circulatory system;
it appears to have little effect on the ab111ty of the host to handle simple °

. foodstuffs
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- CAPTIONS
~Fig. 1. Schematic diagram of C14 respiration- pattern analyier for animal

work. The ionization chamber has a volume of 1000 cc or 250 cc,
depending on the senS1t1v1ty of analysis required. :

Fig. 2. Specific activity of C O2 from m e;ted acetate-2- C14 as a function
of tumor growth The amount of C14 per’ gram of expired carbon per
10 microcuries of injected cl4is plotted agamst time after injection,

Fig. 3. Specific act1v1ty of C14O from 1rz1ected glucose- C 6 as a functmn
of tumor growth. The amount of C14 in millimicrocuries. per gram of
expired carbon per 10 microcuries of 1n_]ected cl4 s plotted against time :
after injection. ‘ ‘ .

Fig. 4. Specific activity of C 40 from 14]ected glycine-2- C 14 as a function
of tumor growth., The amount of C14 in millimicrocuries per gram of
expired carbon per 10 rn1crocur1es of injected cl4is plotted against
time after injection.

Fig. 5. Specific act1v1ty of C 402 from injected acetate-2-C 14 as a function
of starvation. The amount of C14 id millimicrocuries per gram of
expired carbon per 10 microcuries of injected C 4is plotted against
time after injection.

Fig. 6. Specific activity of C1402 from injected glucose—C1_46 as a function
of starvation. The amount of C14 in millimicrocuries per gram of
expired carbon per 10 microcuries of injected C 4is plotted against
time after injection. : :

Fig. 7. Specific activity of C 02 fror}f injected glycine-2- C14 as a function
of starvation. The amount of C*™ in m1111m1crocur1es per gram of ex-
pired carbon per 10 microcuries of injected C 14 5 plotted vs time
after injection. : —_

Fig. 8. Cumulative excretion of C14OZ from glycine-Z—C14 as a function of
animal condition. Cumulative percent of the injected dose respired is
plotted against time after injection.

Fig. 9. Weight and CO, production as a function of tumor growth for a rat
inoculated with carcinoma. These data are from the glycine-2-C
experiment. . ’ L

Fig. 10. Weight and CO,, production for a rat as a function of starvation.
These data are from the glycine-2- C 4 experiment.
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