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Abstract

Radiochlorine®® was evaluated and found to be
suitable for use as a tracer in studying the depo-
sition of fat in porcine panniculus adiposus tissue.
Its short half-life makes its preparation from na-
tural chlorine simple and inexpensive, and also
minimizes long-term eontamination problems, and
its energetic beta and gamma rays makes its radio-
assay simple and rapid. For swine, the threshhold
level for a statistical counting accuracy of 1%
was found to be approx 8 X 1072 me/lb of live
wt. The time required for the digestion, absorp-
tion, transport and deposition of statistically suf-
ficient detectable radioactive material was 314 hr.
The incorporation of radiochlorine®® into lipid
molecules does not appear to alter their normal
metabolic pathways.

Introduction

OLLOWING THE PIONEERING work of Hevesy (9,10),

the use of radioactive isotopes was greatly ex-
panded, and in vivo studies (18) with large animals
became possible. Although the tracer technique is an
extremely popular research tool, the literature (4-6)
shows only limited use of the radioactive chlorine iso-
topes. When the long-lived radiochlorine®® and the
short-lived radiochlorine®® hecame available, they were
used primarily in membrane transport studies (3,11)
and in studies eoncerned with the physiological func-
tions of this element (2,7,19). The preparation of
chlorine-labeled organic compounds, except for indi-
cator analysis studies {12,16,17), and the use of chlo-
rine tracers in following the metabolism of other body
constituents, particularly lipids, has not been at-
tempted.

Other tracers (14) have been used to label lipid
molecules and to follow their fate during the processes
of metabolism. However, these labels have presented
long-term contamination problems (C'4), been too un-
stable (H2), have limited application (P%2), and/or
might present a large mass difference effect (I131).
Thus, the importance of developing more suitable
radioactive tracers for studying the physiology and
biochemistry of adipose tissue is quite obvious. Conse-
quently, the purpose of this research was to prepare
an organic compound labeled with the short-lived
ehlorine®® isotope and to evaluate the use of this
tracer in studying the deposition of fat in swine.

Chlorine?8 is available from the neutron activation
of natural ehlorine3? (8). Radiochlorine®® emits three
distinet beta particles, with maximum energies of 1.16,
2.80 and 4.99 Mev. (Gamma radiations with energies
of 1.64 and 2.19 Mev are also found. The 4.99 Mev
beta rays are among the most energetie found in arti-
fieial radioactivity (138). Radiochlorine®® with a half-
life of 37.5 min, deecays to stable argon®8,

Experimental Procedure

The addition reaction, as the method of organic
synthesis, and the neutron activation reaction, as the
method of inducing radioactivity, were used in the
preparation of the tracer material.

Twenty milliliters of glycerol mono-oleate were
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added to a 25-ml test tube and chlorinated under a
chemical fume hood for 30 min. The procedure in-
volved bubbling chlorine gas (30 ml/min) that had
been washed in water and dried in cone HaSO4 and
was designed to produce a simple addition of chlorine
atoms to the double bond of the acyl group. To pre-
vent any catalysis of oxidation by light, the reaction
was conducted in the dark by wrapping the test tube
with black electrical tape and placing it at the back of
an unilluminated fume hood. After chlorinating the
mono-oleate, nitrogen gas dried by bubbling through
cone HoSO, was permitted to bubble (30 ml/min)
through the material overnight. This step was in-
eorporated into the preparation to remove any hydro-
chloric acid contamination by utilizing the volatile
property of this compound. latmus paper was used
as an indicator of the termination of this step.

Gelatin veterinary capsules, containing 0.75 ml of
the chlorinated mono-oleate per capsule, were made
up and individually placed in polyethylene tubes (3
in. long, % in. inside diam), which were sealed by
heat. These tubes were then delivered to the Penn
State Research Reactor and exposed to a thermal
neutron flux of 2 X 102 neutrons/sq em/sec for 37.5
min (1 half-life or 50% saturation). This neutron
activation proceeded according to the C137 (n, y) C138
reaction. After removal from the pile, the amount of
induced activity was measured at 3 mc per capsule, a
unit amount which was suitable for the purposes of
the experiment and within safe tolerance limits of the
pigs used as experimental animals (20).

As a check on the purity of the activated mono-
oleate, several capsules were analyzed in the labora-
tory for radiochlorine not incorporated into the mono-
oleate molecule. The radiochlorine preparation was
removed from the capsule, dissolved in petroleum
ether and chloroform, washed with distilled water, and
centrifuged. The water layer was then removed,
sodium hydroxide added to it to prevent the loss of
the chrloride ions, the mixture evaporated, placed on
aluminum planchets and counted using a Nuelear-
Chicago Model 182A Scaling unit equipped with a
pancake-type Geiger counting apparatus. The remain-
ing petroleum ether-chloroform extract was also plated
and counted. This analysis showed that the prepara-
tion was satisfactory since the petroleum ether-chloro-
form extract was highly radiocactive and no radio-
activity above background was noted in the water
extract. Also, since no apparent increase in the vis-
cosity of the preparation was observed, it was assumed
that little or no chemical modifications (i.e., polymeri-
zation) had occurred that would have altered the na-
ture of the radioactive mono-oleate.

The animals were fasted 24 hr before administering
the radiocactive capsules, not only as an aid to slaugh-
tering but also to facilitate the digestion, absorption,
transport and deposition of the labeled material. The
capsules, containing the radiochlorine preparation,
were administered with a balling gun to the experi-
mental animals. Three and one-half hours after ad-
ministration of the capsule, the live animals were
assayed using a Nuclear-Chicago, Model 2612, Port-
able Geiger Counter. A spectrum of the animal’s back
was made by measuring the activity at the shoulder,
loin, and rump. The counting tube was rested directly
on the pig’s back for these measurements. The ani-
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TABLEI

A Summary Comparigon of the Live Animal and
Carcass Tissue Radioassay Data

Live animal assay? Carcass tissue assay?
Site of Individual Individual
o site PR site
mﬁggz‘e- Ind;&iftléiual a cgivitly / Indl:iltiu al a cgi ‘tritly /
Py ota; FP) {022:1
activity activity activity ackivity
{all sites) (all sites)
. cpm P cpm/g Yo
75-1b. pigs
1200 34.0 658.7 35.6
1400 40.0 714.8 38.8
300 26.0 469.0 25.6
1200 33.0 651.0 33.2
1500 42.0 738.4 37.7
900 25.0 571.4 29.1
1800 35.0 1883.8 39.0
2200 41.0 12134 34.2
1300 24.0 947.6 26.8

t Table of mean values for the 6 pigs usged. Since the Model 2612 can
only be read to the nearest 50 ¢pm, the meagured values and calculated
percentages have been rounded off accordingly.

b Table represents combined data from samples of both layers of
the panniculus adiposus.

mals for tissue analysis were also slaughtered approxi-
mately 814 hr after the administration of the capsule.
After the pig was removed from the automatic dehair-
ing machine, three tissue samples were taken from the
panniculus adiposus. These were removed at the first
thoracic (shoulder), last thoracic (loin), and last
lumbar (rump) vertebrae areas along the median line
of the back. Sinece the panniculus adiposus is com-
posed of two different tissue layers, these were then
separated for analysis. The tissue samples were cut
as geometrically uniform (25X 25X 1.0 em) as
equipment would permit, and then mounted on alumi-
num planchets for counting. Each sample was counted
to a statistical accuracy of 1% and the usual eorrec-
tions for time, background, and counter efficiency
(10%) were made. The uniform geometry of the tis-
sue sample gave uniform self-absorption losses (as-
suming that the labeled material was uniformly dis-
tributed in the sample) and thus eliminated the need
to correct for self-absorption.

Results and Discussion

Abnormalities in metabolism should not be brought
about through the action of the administered isotopic
tracer. Sinee all long-chained fatty acids, regardless
of the form in which they are fed, have been shown
(1) to be metabolized via the lymphaties, it is possible
to investigate this avenue of transport by monitoring
the junction of the jugular and subclavian veins in
the throat. In this area, radioactivily was detected
in large quantities within 15 min after administration
of the dose, which disappeared at a rate that might

TABLE 1T
A Summary of the Radicassay of the Panniculus Adiposus

Outer tissue layer Inner tissue layer
Tadi- Indi- Indi- Indi-
viduz;,l viduafl vidu:?l vidu;;l
Site of Ingi- | Sample | sample | pnqj. | SATAP'e | BaTiple
measure- vidual aﬁ:}}’ aﬁ;}" vidual "122}7 &ictt}:y'
ment sample | goral | total | SMIPI | tofal | total
aqtlv activ- | activ- Sy activ- activ-
1wy ity ity y ity ity
{all (all (all (all
sites) layers) sites) layers)
cpm/g To %o cpm/g % %
75-1b pigs
shoulder......| 3865 36.9 58.7 272.2 34.3 41.3
loin.. .1 439.8 41.9 61.5 275.0 B84.6 38.6
. 21.2 47.8 246.8 31.1 52.2
shoulder...... 330.7 29.8 50.8 320.3 37.7 492
loin..... .. 506.6 45.6 68.6 231.8 27.3 31.4
TUMP ronens R 24.6 47.8 298.2 35.0 52.2
190-1b pigs
shoulder 37.0 51.6 669.1 41.5 48.4
loin..... .. . 34.0 54.6 556.2 34.5 45.8
TUMP ...l . 29.0 59.1 387.7 24.0 40.9

Vor. 42

be explained by dilution with the blood but not by
radioactive decay. Thus, these observations infer the
ineorporation of radiochlorine®® into lipid molecules
with no apparent alteration in the normal pathway of
metabolism.

Before the animals could be assayed, digestion, ab-
sorption, transport and deposition of the radicactive
material must have taken place. After slanghtering
animals at 2,3,4 and 5 hr after administration of the
tracer, it was observed that in the earlier slaughter
times sufficient deposition of the material in the pan-
niculus adiposus had not taken place. In the later
times the radioactive decay process was responsible
for the low counting rate observed in the tissue sam-
ples. From these studies it was determined that 3%
hr after administration of the radioactive material
was the optimum time for slaughter and assay. Con-
sequently, another pig was slaughtered 314 hr after
being given the dose. A statistically acceptable level
of activity was observed in the panniculus adiposus,
and, in scanning the viscera, most of the activity re-
maining in the gastrointestinal tract was found in the
upper part of the small intestine,

‘When using any radioisotope in a tracer study, the
level of administered radioactivity should be estab-
lished. This level must be of a magnitude that will
satisfy health hazard requirements but still be suf-
ficient to withstand dilution during metabolism and
give statistically meaningful results on assay. After
numerous studies of levels ranging from 0.01 to 0.1
me/Ib of body wt for the species involved, the thresh-
old dose for a statistical accuracy of 1% was deter-
mined as approx 0.08 me/1b of body wt.

In the final study of this experiment, the radioactive
tracer was administered to the pigs on the basis of the
predetermined statistical threshold dose and their in-
dividual live wts. Tables I and II summarize the data
on the nine pigs used. Two pigs in each wt group were
assayed live and one was slaughtered for the tissue
data. As Table I indicates, generally good agreement
was observed between the live animal assay and the
carcass tissue radioassay results. With the exeeption
of the carcass tissue assay of the 190-1b wt group,
where the shoulder region accounted for the greatest
percentage of the total activity (all sites), the loin
area appeared to be the most active of the three sites,
the shoulder site second, and the rump the least active.
The obviously higher amounts of radioactivity noted
in the 190-1b pigs, as compared to the 75 and/or 130-1b
pigs, can be explained as reflecting the change in the
pattern of fat deposition that usually occurs as the
pig matures beyond 120 days of age (15).

It can also be observed, from the data presented in
Table 11, that, of the two tissue layers of the pannicu-
lus adiposus analyzed, the outside layer generally ex-
hibited the highest amount of radioactivity per gram
of tissue. The effeet of maturity on the metabolism of
the panniculus adiposus is quite evident, not only
within and between layers but also within and be-
tween sites.
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Abstract

The length of polymethylene chains is deter-
mined by counting the number of, or measuring
the position of, methylene vibration peaks in the
1070-710 em™ and/or the 1380-1170cm! regions
of the IR spectrum of salts of fatty acids. Plot-
ting this peak position against the phase relation-
ship of the vibration in adjacent methylenes
gives a curve which is independent of the chain
length. (The phase relationship, ®/==k/(m+1) ;
where ¢ is the phase difference in radians between
adjacent methylenes in a chain; m is the number
of methylenes in the chain; £ =1,23,..... m,
with & =1 generally assigned to the in-phase
vibration.) Separate curves are obtained for
methylene wagging and for two arrays of coupled
twisting-rocking vibrations.

Coupled twisting-rocking vibrations give as
many as one peak per methylene group in the
1070-710 em! region with silver, sodium, potas-
sium and barium salts of saturated acids. Lead
salt peaks split. These peaks show the total length
of salts of both saturated and frans-unsaturated
acids, but only the length of the carboxylate seg-
ment in salts of cis-unsaturated acids. (The car-
boxylate segment comprises the earbons from the
carboxylate carbon to the first unsaturated car-
bon, inclusive.)

Wagging vibrations in the 1380-1170 em!
region show the total chain length of saturated
salts and the length of the carboxylate segment
in unsaturated salts, both cis and tramns. This
region also has peaks for twisting-rocking vibra-
tions, and they are most conspicuous in the spee-
tra of silver and barium salts.

Introduction

uE POTENTIAL OF IR spectra for the identification
Tof fatty materials has not been fully realized,
since many fatty acids are liquid at room temp and
randomly oriented. Differences in the spectra related
to the length of methylene chains are mainly quanti-
tative. When free rotation about the single bonds is
eliminated by examining the materials in the solid
state, qualitative variations have been found in the
spectra. Examples in the literature include saturated
fatty acids, esters, salts and ketones, and even {rans-
T Presented in part at the AQCS meeting in Toronto, Canada, 1962,

2 Present saddress: Research Laboratories, N. V. Philips-Duphar,
Weesp, Holland.

mono-unsaturated acids (1,4-7,12,14,17,18,24,26,27,
29). QGenerally, recognition of all the useful peaks
has been quite incomplete, and the assignment of
peaks to vibrations in the molecule has been disputed
(8,9,11,13,16,20,22 28).

‘We have obtained the spectra of a number of metal
salts of a series of saturated fatty acids. The salts
are more easily handled and have fewer interfering
peaks than the crystallized acids. The salt spectra
are compared with those of saturated hydrocarbons
which have recently been studied in some detail (19,
23). We have discussed only the regions where peaks
due to methylene wagging, twisting and rocking vibra-
tions are found, and in hydrocarbons this is 1413-1170
em? and 1061-721 em™ (19,20,23). We also investi-
gated the spectra of salts of mono-unsaturated acids
for comparable behaviour.

When the carbon skeleton is an extended zigzag
chain, as in erystals, the methylenes may vibrate in-
phase (phase difference 0°), out-of-phase (phase dif-
ference 180°), and with phase differences between 0°
and 180°. For m methylenes in a chain there are m
possible phase relationships between adjacent groups.
As a result, the chain may have m vibration fre-
quencies which are seen as m absorption peaks in the
IR spectrum. Rach peak is not assigned to a par-
ticular methylene group, but to the vibration of the
groups relative to each other as a whole,

In this paper we are concerned with three ways in
which the methylenes may vibrate; wagging, twisting
and rocking. Assuming the absence of coupling be-
tween the vibrations, there are m possible phase
relationships with m absorption peaks for each way
in any chain. Thus a Cg acid or salt with four methy-
lene groups could show 3 X 4 = 12 absorption peaks
that might be assigned to the vibrations of interest.
The number of peaks predicted by theory was found
in the hydrocarbon spectra, although this is less than
predicted for the salts because of symmetry in the
hydrocarbons. The assignments for hydrocarbons
were complicated by coupling of the twisting and rock-
ing vibrations which also overlapped the wagging
vibrations (19,23).

Experimental
Acids

Commercially available fatty acids (C3~Cas, except
Co1) were used for preparation of the salts. Subse-
quently the saturated acids, Cs and. C;—Cao, were
analysed as the methyl esters by gas liquid ehroma-



