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3,5,3'"~triiodo-L-thyronine is taken up by isolated rat adipo-
cytes under physiological conditions by a saturable sigmoidal
process, while L-thyroxine uptake follows Michaelian kinetics.
Comparative studies performed with intact adipocytes and derived
liposomes suggest that thyroid hormones are taken up into cells
via carrier-mediated transport. o 1987 Academic Press, Inc.

The thyroid hormones, L-thyroxine (L-T4) and 3,5,3'-triiodo-L-
thyronine(L-T3), unleash the same effects at the plasma membrane
level, but through different mechanisms. The different iodine
contents, and the different angle formed by the & and B benzene
rings in ©both hormones may lead to a different affinity with

membrane receptors and even to a selective permeability through

1

the bilayer '+?. Chemical studies carried out "in vitro" suggest
that the passage of the physiologically active thyroid hormones
from the external to the internal medium, depends on their
structure and polarity. It would seem that both vary substan-
tially with pH. 1In this complex process, the external face of
the plasma membrane in contact with the incubation medium has a

slightly lower pH due to the polar effects resulting from the

interaction of water with the lipid bilayer 3+".

By radioisotopic labeling and autoradiographical methods it has
been shown that thyroid hormones bind to different lipoprotein
cell structures, including the plasma membrane *-18_ It has been

recently suggested that L-T4 1is deiodinated while passing
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through the plasma membrane. This phenomenon varies with differ-

ent tissues, which could be due to their different phospholipid

composition. In this way, in the liver and kidney, with dense
membranes and high phospholipid contents, deiodination is
high!%.

The extent of deiodination may be related to the mechanism of
hormone permeability. If the thyroid hormone enters the cell by
a diffusion mechanism, deiodination will affect the rate of
uptake. However, if the hormone is taken up by a carrier-
mediated process, the effect of deiodination on the thyroid
hormone-carrier complex will be negligible 2°. The object of this
work is to study the mechanism by which the thyroid hormones are

taken up by the cell of rat adipose tissue.

MATERIALS AND METHODS

Male Spragque-Dawley rats weighing 200-250 g fed ad libitum with
standard diet were used. Rats were killed by decapitation.
Samples of epididymal fat pad were incubated for a period of 1 h
at 372 in a medium containing collagenase (Sigma, C.hystoly-
ticum) and bovine serum albumin (Sigma, Fraction V) in order to
obtain isolated adipocytes according to Rodbell?!. 1Isclated fat
cells were washed twice at room temperature with 10 volumes of a
buffer solution composed of 10 mM Tris-~-HCl pH 7.3, 1 mM EDTA and
0.25 M sucrose. Viability of the isolated adipocytes was checked
by addition of trypan blue, to a 1% (V/V) concentration, to
cells suspended in "minimal medium" (10 mM MgCl,, 50 mM Tris-
HCl, pH 7.3). Immediately afterwards viable adipocytes were
counted under a light microscope 2%,

Liposomes were prepared as follows. Lipids from the epididymal
fat pad were extracted according to Rodriguez-Fernandez et al.?3
and the dry extract so obtained was kept under a nitrogen atmos-
phere at -202. When required, lipids were resuspended in minimal
medium and sonicated at an amplitude of 10-12 uym for 90 min, at
10 s ,intervals, in an ice bath 2%,

Adipocytes or 1liposomes suspended in the minimal medium were
incubated with varying amounts of the appropriate hormones for
10 min at 372C in a metabolic incubator. Disappearance of
thyroid hormones was measured; for this purpose hormone levels
in the medium after incubation were determined by radioimmuno-
assay (Amersham). !25I radioactivity was measured in a Gamma
4000 Beckman counter. Protein was measured according to Lowry et
al.25, with bovine serum albumin as standard.
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RESULTS AND DISCUSSION

Figure 1 shows that adipocyte viability does not decrease after
20 min incubation in a medium with or without glucose (200
mg/100 ml). However, in order to ensure totally viable adipocyte
populations, all the experiments presented in this communication
were performed with 10 min incubation periods, in the presence

of glucose.

As seen in Figure 2a, the uptake of L-T3 by isolated rat adipo-
cytes under physiological conditions follows a saturation, sig-
moidal kinetics. From these results, the corresponding Scatchard
and Hill plots can be constructed (Figures 2b and 2c). The
maximal uptake capacity is found to be 3.8 pmol/mg of protein,
the Hill coefficient h = 2.54, suggesting positive cooper-
ativity, and the cooperativity constant 0.96 x 10-3 M. The
apparent L-T3 concentration required for half-maximal uptake

(1%) is 3.40 x 10 7% M.
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Figure 1. Viability of adipocytes isolated from rat epididymal
adipose tissue, expressed as percentage of viable
adipocytes as a function of incubation time. Results
obtained with (@) and without (0) glucose (200 mg/100
ml) in the incubation medium. Each point corresponds
to the mean + SEM from ten values.
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Figure 2. Uptake of L-T3 by isolated rat adipocytes. Amount of
L-T3 taken up by rat adipocytes in 10 min wunder
physiological conditions at various hormone concentra-
tions 1in the incubation medium. (@) Isclated rat
adipocytes; (0) Liposomes prepared from 1lipids ex-
tracted from the epididymal fat pad. (a) Dose-response
curve, (b) Scatchard, and, (c) Hill plots. Each point
corresponds to the mean + SEM from six values. V

represents the amount of hormone (pmol) taken up per
mg cell protein.

Figure 3a corresponds to the ﬁptake of L-T4 by isolated rat
adipocytes under physiological conditions. It is seen to follow
Michaelian kinetics. From the corresponding Scatchard plot (Fig-
ure 3b), the resulting apparent K; value is calculated to be of
3.33 x 10-? M, and the maximal uptake capacity of 2.4 pmol/mg of
protein. From the Hill plot (Figure 3c), h is estimated to have
a value of 0.96, indicating a lack of cooperativity in the

uptake of L-T4 by isolated rat adipocytes.
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Figure 3. Uptake of L-T4 by isolated rat adipocytes. Amount of
L-T4 taken wup by rat adipocytes in 10 min wunder
physiological conditions at various hormone concentra-
tions in the incubation medium. (8) Isolated rat
adipocytes; (0) Liposomes prepared from lipids ex-
tracted from the epididymal fat pad. (a) Dose-response
curve, (b) Scatchard, and, (c) Hill plots. Each point
coresponds to the mean + SEM from six values. V repre-
sents the amount of hormone (pmol) taken up per mg
cell protein.

From the above results it is evident that the transport of
thyroid hormones, L-T3 and L-T4, into isolated rat adipocytes is
not carried out by simple diffusion, but rather follows satura-
tion kinetics. However, the transport kinetics for the two
thyroid hormones are different. On other hand, it is observed
that the binding of both hormones to liposomes is insignificant
as compared to that obtained with viable adipocytes (Figures 2a

and 3a). These results suggest that transport of L-T3 and L-T4
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mediated by carrier molecules in the plasma membrane of the

adipocyte.
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