Storage of Steroid Hormones by
Adipose Tissue in
Two Experimental Obesities

Abstract. It appears that obese animals
retain proportionally more steroid hor-
mones than nonobese animals. The reten-
tion of these hormones does not appear to
be a function of the nature of the obesity
syndrome but simply a function of the
increased fat content.

It has been shown that obesity in mice
can be grouped into two general classes:
“regulatory” obesity, in which the pri-
mary lesion lies in the nervous centers
regulating food intake, and “metabolic”
obesity, in which the hyperphagia is
secondary to metabolic disorders of car-
bohydrate and fat metabolism (1). Since
these two classes of obese mice differ
markedly with respect to lipogenesis and
cholesterologenesis (2) as well as enzy-
matic reactivity (3), feeding patterns
(4), and so on, it seemed to be of in-
terest to determine the characteristics
of retention of administered steroid hor-
mone in the two types of obesity.

If retention of administered hormone
were entirely due to the amount of fat
present, one would expect a direct corre-
lation between retention and fat con-
tent, whether in normal animals, in
animals with regulatory obesity, or in
animals with metabolic obesity. A devi-
ation from this pattern would suggest
that specific factors influence steroid re-
tention of fat.

Accordingly, mice with goldthioglu-
cose hypothalamic (regulatory) (5)
obesity and mice with the hereditary
obese-hyperglycemic (metabolic) syn-
drome (6) and their controls were used
to study the retention of testos-
terone and progesterone. A wide range
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of weights was used in each group. The
steroids retained by adipose tissue were
identified by chromatography, and re-
tention was determined by measure-

ments of radioactivity. The technique

was similar to that used by Plotz and
Davis (7) and by Zander (8) in their
study on the retention of progesterone
in the fatty tissue of pregnant women.

Ten female goldthioglucose obese
mice (36 to 58 g), six nonobese female
controls (20 to 32 g) and eight obese
hyperglycemic mice (four males, four
females, weighing 45 to 91 g) with
their nonobese controls (4 males, 4 fe-
males, weighing 20 to 35 g), were used
in the testosterone study.

Three obese-hyperglycemic mice (one
male, two females, weighing 48 to 71 g)
with their nonobese controls (one male,
two females, weighing 20 to 30 g), as
well as four goldthioglucose obese mice
(females, 32 to 40 g) and four nonobese
controls (females 22 to 29 g) were used
in the progesterone experiment.

The mice were injected intramuscu-
larly with either 5 or 10 pc of testos-
terone-4-C1* (1.21 mg or 2.42 mg) or
with 10 pc of progesterone-4-C# (0.33
mg) dissolved in sesame oil. The mice
were placed in individual metabolism
cages for 18 hours. Urine and feces were
collected during this time interval. At
the end of 18 hours, the mice were killed
by decapitation, and adipose tissue was
removed and extracted for 12 hours with
ether/95 percent ethanol (3:1). The ex-
tracted fat was partitioned between hep-
tane and 70 percent methanol (heptane
fractions were counted to check the
completeness of the extraction). Carrier
steroids were added to the methanol
extracts. These extracts were chromato-
graphed by the Zaffaroni (9) system
with heptane/propylene glycol as the
solvent system. Testosterone, etiocho-
lanolone, and androsterone zones (tes-
tosterone-C1¢ study) and progesterone
(progesterone-C¢ study) were eluted
from the chromatogram. The radio-
chemical purity of the C-19 steroids and
of the progesterone was determined by
Bush-type wash-out chromatogram (10),
acetylation and chronic acid oxidation
(C-19 steroids), and dinitrophenylhy-
drazine derivative (progesterone). Re-
tention was determined by measurement
of radioactivity.

The majority of the methanol extracts
from adipose tissue were treated in the
manner described above. However, a
few samples were chromatographed
with the toluene/propylene glycol sys-
tem. In this solvent system, corticoids
and estrogens would be retained on the
paper. However, since only negligible
activity was found in these fractions, the

‘remainder of the samples were directly

chromatographed in the heptane/propy-
lene glycol system for isolation of C-19
steroid and progesterone.

In the testosterone-C'#* experiment the
major portion of the activity retained in
adipose tissue was present in the testos-
terone (96 percent), etiocholanolone
(2 percent) and androsterone (1 per-
cent) fractions. Progesterone accounted
for most of the retained activity (93 per-
cent) in the progesterone-Cl* experi-
ment, with the corticoid fractions ac-
counting for about 1 to 3 percent of the
activity and 1 percent in the fractions
containing substances less polar than
progesterone.

Most of the administered testosterone
or progesterone is excreted in the urine
and feces of the mice at the end of 18
hours. Similar results were obtained by
Gallagher et al. (11) in studies on re-
covery of administered testosterone-4-
Gt and progesterone-21-C1* in excreta
and tissues of normal mice. However,
the activity retained by adipose tissue
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Fig. 1. Steroid hormone retention in adi-
pose tissue after administration of testos-
terone-4-C** to goldthioglucose obese and
nonobese mice.
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Fig. 2. Steroid hormone retention in adi-
pose tissue after administration of proges-
terone-4-C* to two kinds of obese mice.
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ranges from 0.24 to 5.2 percent of
administered testosterone-4-C¢ activity
and from 0.19 to 4.3 percent of admin-
istered progesterone-4-C1% activity. This
activity is correlated with the amount
of fat present in the animals.

Figure 1 shows the total radioactivity
of C-19 steroids plotted against grams
of fat for goldthioglucose obese mice and
nonobese controls given 10 pc of testos-
terone-4-C1%, This activity was meas-
ured 18 hours after injection. It is evi-
dent that retention of labeled hormone
is proportional to the amount of fat, or
to obesity per se. The same picture was
found in goldthioglucose obese mice
given 5 uc of testosterone.

Similar results were obtained with the
obese-hyperglycemic mice—that is, re-
tention of testosterone-Cl* was propor-
tional to the amount of fat present in
obese and nonobese mice. In addition,
C1* retention per gram of fat (1800
count/min per gram of fat for animals
given 10 pc) was the same for both types
of obese mice and their nonobese con-
trols. For the various types of mice at
the two doses studied after 18 hours, re-
tention of testosterone was represented
by the formula: percentage retention
=1.3+0.05 x 10-3 {, where f is total body
fat in grams.

Figure 2 shows the radioactivity pres-
ent in the progesterone fraction plotted
against the grams of fat for goldthioglu-
cose obese mice, obese hyperglycemic
mice, and their respective nonobese con-
trols measured 18 hours after the in-
jection of progesterone-4-C1%. As in
the testosterone study, retention of la-
beled hormone is correlated with the
amount of fat present regardless of the
type of obesity or whether the mice are
obese or nonobese. Carbon-14 retention
per gram of fat is the same for all
animals (1600 count/min per gram of
fat in the progesterone study). Thus, al-
though the obese-hyperglycemic mice
and goldthioglucose obese mice differ
markedly in fatty acid and cholesterol
synthesis, retention of administered ster-
oid hormone appears to be a physical
phenomenon common to both groups be-
cause of their increased fat content. A
large amount of excess fat in obese ani-
mals favors the retention of injected
steroid hormones. This may have physio-
logical consequences in that obese ani-
mals (and obese patients) may retain
larger amounts of their own steroid hor-
mones. It may also have therapeutic im-
plications in that it appears likely that
steroid hormones administered to obese
patients may be stored in appreciable
amounts in their fat depots (11).
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Nervous Pathways of
Cutaneous Pains

Abstract. In discussing the reality of a
peripheral duality of pain-afferent sys-
tems, which she attributes to an artifact
[Science 128, 713 (1958)], M. H. Jones
rejects as valueless data concerning dif-
ferences in the velocity of conduction of
nerve impulses as determined by reaction
times. Yet precise data tend to show the
reality of these differences in velocity.

I found it very strange that Margaret
Hubbard Jones should maintain, on sev-
eral occasions (1), solely on the basis of
subjective data, that the duality of cuta-
neous pains is an artifact.

For a long time now the dissociation
of cutaneous pain systems has been es-
tablished, as I reported in detail in
1935, in an article in T'raité de Physiol-
ogie (2).

Supporting data obtained from an
analysis of reaction times were deliber-
ately rejected by Jones, who cited a
study by Lele, Sinclair, and Weddell
(3) in support of her position.

Answering Libet (4), she declares,
“Libet’s emphasis on reaction time is
unfortunate. None of the studies meet

the minimum requirements for work in
the field.”

Actually, research studies of Lele et al.
have shown that these reaction times do
vary—something which has been known
for a century. It was through variations
in reaction time that Helmholtz meas-
ured, for the first time, in 1850, the
velocity of the nerve impulse in afferent
tracts, with an accuracy which after-
wards proved satisfactory.

Of course, measurements should be
planned under very precise conditions
and made on trained and sufficiently
coherent subjects (this was not the case
in the research of Lele et al.); it is then
possible to get mean values which are
stable enough to be significant. A most
important point lies in the use of con-
stant physiological intensities, for reac-
tion times depend on the intensity of
the sensation, showing rapid variability
around the threshold. For touch, a mar-
gin of about 230 msec between threshold
intensity and an intensity 150 times
greater (9) is found; narrower margins
are sometimes met with, however, (6).

But Lele et al., when comparing re-
action times to stimulation consisting of
equal pressures on a finger and on a toe,
took no account of differences in the
sensibility of their subjects and did not
establish threshold values; hence, their
comparison loses all its significance and
their conclusions all their value.

In 1930 (7) I made a series of meas-
urements of reaction times to such stim-
ulations as painful pricking, burning,
and pinching, the stimulations being so
graded as to cause sensations of seem-
ingly equal pain on the forehead (or
the temple), the wrist, and the ankle.

Under such conditions (the dispersion
indices of means computed on series of
20 being usually less than 10 percent),
I found, for two nerve pathways each
80 cm long (between forehead and hand
and between hand and foot), reaction-
time differences of 235 and 216 msec
for burning (by contact for forehead and
hand, by immersion for hand and foot);
differences of only 49 msec for pricking
(either between forehead and hand or
between hand and foot); and, finally,
differences of 135 msec for pinching be-
tween temple and foot (that is, 68 msec
for a pathway 80 cm long).

The resulting probable velocities of
nerve impulses are about 4.50 m/sec for
burning, 16 m/sec for pricking, and 12
m/sec for pinching, whereas for touch
the velocity is about 40 m/sec, accord-
ing to determinations which von Wittich
established as early as 1868 (8) through
study of reaction times.

In 1939, Zotterman (9), using tactual
percussion, contact, pricking, and burn-
ing as stimulations on a cat’s tegument
innerved by the saphena, recorded four
types of action potentials in this nerve:
the fastest (30 to 60 m/sec) were correl-
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