
Arterial blood pressure was unchanged
by He-O, breathing.
The relationship between adrenergic

activity and cardiac arrhythmias in ex-
perimental myocardial infarction is
well known. Increases in circulating
catecholamine concentrations, and an
increase in sensitivity to their arrhyth-
mic action, have both been demon-
strated (7). The increased secretion of
catecholamines after experimentally
induced infarction is abolished by
adrenalectomy, which is also followed
by a return of normal cardiac rhythm.
Cardiac sympathectomy protects against
ventricular fibrillation after coronary
artery ligation in anesthetized dogs (7).
Thus, an agent which reduces sympa-
thetic activity or circulating catechola-
mines might also reduce the likelihood
of ventricular arrhythmias. We have
some evidence of both effects and we
suggest the possibility of a causal rela-
tionship.

These effects of helium are puzzling
(8). In the traditional view, helium has
no physiological effects except those at-
tributable to its physical properties,
such as its density, its thermal conduc-
tivity, or its acoustic velocity (9).
Such properties are not likely to ac-
count for helium's antiarrhythmic ac-
tion for several reasons: (i) any benefit
in reduced airway resistance due to its
low density would ibe partly offset by
its higher viscosity (10); (ii) the effect
of any change in the hydrodynamic
properties of the breathing mixture
was minimized, both in earlier work
(1) and in ours, by the use of mechan-
ical ventilation; (iii) the effect of
thermal conductivity was minimized in
our study by maintaining constant
body temperature; (iv) maximal pro-
tection against ventricular fibrillation
occurs with only 20 percent helium in
the breathing mixture (1). This last
finding also provides evidence that the
putative helium effect is not merely due
to the absence of nitrogen. It seems
likely therefore that the antiarrhythmic
property of helium in the anesthetized
dog represents a pharmacologic action
whose mechanism may involve altered
adrenergic activity.

LAWRENCE RAYMOND
RIcHARD B. WEIsKoPF
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adenohypophysis of the rat. The re-
sults of these studies reveal the exist-
ence of a set of pituitary binding
sites, apparently specific for T3, which
have u high affinity and a low capacity
for this iodathyronine.
The kinetics of interchange of thy-

roid hormones between tissues and
plasma were analyzed according to tech-
niques previously described (3). Male
Sprague-Dawley rats (150 to 250 g),
on a diet of Wayne laboratory chow,
were injected intravenously with a
combined dose of either [125I]Ts (60
to 80 c/i,ug) and [1311]albumin (0.5
to 1 ,uc/mg), or [1251IT4 (50 to 70
,uc/,ug) and [131I]albumin (0.5 to 1

SCIENCE, VOL. 176

Specific Triiodothyronine Binding Sites in
the Anterior Pituitary of the Rat

Abstract. Studies with L-[1251]triiodothyronine and L-[1251]thyroxine, and with
equilibrium dialysis of plasma proteins indicate that rat pituitary binds L-triio-
dothyronine 9.8 times as strongly as it does L-thyroxine. Injection of even small
doses of nonradioactive L-triiodothyronine reduces the pituitary/plasma ratio of
radioactive L-triiodothyronine, an indication of the existence of pituitary binding
sites with a limited capacity for L-triiodothyronine. Limited capacity binding sites
for L-thyroxine could not be demonstrated.
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utc/mg). Groups of animals were killed
at designated intervals by exsanguina-
tion from the abdominal aorta. The
anterior hypophysis and the whole brain
were removed in all experiments and
the liver and kidney in some experi-
ments as well. The tissues were homog-
enized, and the homogenates of plas-
ma and tissue were subjected to tri-
chloroacetic acid (TCA) precipitation to
remove radioiodide. Carrier protein
(2.5 ml of human banked plasma) was
added to each pituitary sample. The
radioactivity within the pituitary,
which was precipitable by TCA, con-
sisted of the injected iodothyronine;
this was confirmed by chromatographic
studies indicating that over 85 percent
of the ethanolic extracts of the pitui-
tary, obtained 3 hours after the injec-
tion of T3 or T4, consisted of the in-
jected iodothyronine. A correction was
made for iodothyronine bound to plas-
ma proteins trapped within tissues
from the tissue [1311]albumin counting
rate and the simultaneous ratio of [125I]_
iodothyronine to [1311]albumin in plas-
ma. The net strength of hormone bind-
ing by plasma proteins was determined
with equilibrium dialysis of plasma (4).

Secular equilibrium between T4 in
plasma and T4 in the pituitary was
established within 30 minutes after in-
jection; the ratio of the concentration
of T4 in pituitary to the concentration of
T4 in plasma (pituitary/plasma isotopic
activity ratio) was approximately 0.09.
On the other hand, after the injection
of tracer quantities of [125IIT3 the ratio
of pituitary T3 to plasma T3 did not
achieve its equilibrium value of 10.5
until 3 hours after injection. Of inci-
dental interest was the finding, both in
the case of T4 and T3, that the brain
did not achieve secular equilibrium
within the period of these experiments.
The partition of iodothyronine be-

tween plasma and tissue depends upon
the relative strength of its binding by
the tissues and by the plasma (5). It
is possible to calculate, from previously
developed equations, the relative
strength of binding of T3 to T4 by any
given tissue (6). In one group of ani-
mals (Fig. 1), the mean relative strength
of binding by plasma (bp)4/ (bp) 3,
determined by equilibrium dialysis,
was 12.0. From the isotopic con-
centration ratios of the iodothyronines
(Fig. 1), we calculated the ratio of the
relative strengths of binding by the
pituitary of T3 and T4, (bi) 3/ (bi)4,
to be 9.8. This is considerably larger
than corresponding ratios in other tis-
sues studied; the relative cellular bind-
16 JUNE 1972
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Fig. 1. (Left) Tissue/plasma activity ratios (percent of dose per gram/percent of dose per
milliliter) after intravenous injection of ['-I]T, (0.5 ng) at time t = 0. The pituitary
equilibrates with plasma rapidly after the injection; whole brain has not equilibrated
with plasma at the end of the study. Each point represents the mean (+ standard
error of the mean) of five animals. (Right) Tissue/plasma activity ratios after
intravenous injection of ['2;I]T3 (0.13 ng). Pituitary equilibrates with plasma by the
third hour after injection. In the case of pituitary, the correction for trapped plasma
protein accounts for 3 percent of the observed counting rate of T3 and 50 percent
of the observed counting rate of T,.

ing strengths, (b1)3/ (bi)4, have been
determined to be 2.0 in total carcass,
0.9 in liver, and 2.1 in kidney (6). The
pituitary cells thus exhibit a great cap-
ability for the preferential accumula-
tion of T3.

In order to assess the saturation
characteristics of the hormone binding

sites, we determined the effect of inject-
ing increasing quantities of nonradio-
active T4 and T3 on the tissue/plasma
isotopic activity ratio for pituitary, liver,
kidney, and brain at 3 hours after the
injection of the iodothyronines. With
T4, no significant changes were noted
in any of the tissues studied when the

Table 1. Effect of loading doses of T, and T. on radioactive and nonradioactive iodothyronine
partition between pituitary and plasma. All observations were made 3 hours after the injection
of a combined dose of labeled and nonradioactive T, and T. Each result is the mean of a
group of four to five animals. Concentrations of iodothyronines in plasma and in pituitary
were estimated on the assumptions that (i) endogenous T, concentration is 1.76 pmole/ml
(that is, 1.15 ng/ml), (ii) that the endogenous T, concentration is 43.1 pmole/ml (that is,
30.3 ng/ml) (II), and (iii) that the specific activity of iodothyronine in pituitary is equal to
that in plasma. Significance of the difference in activity ratio between a given dose and the
lowest dose injected in the series was evaluated by the Student's t-test.

Experiment Percent of Estimiated iodothyronine
Iodothyronine dose dose per Activity concentration in:

(pmole) gram of ratior Plasma Pituitary
pituitary (pmole/ml) (pmole/g)

Experiment A
Ts 200 1.2 9.6 2.0 19

415 1.1 8.8 2.2 19
768 0.89 7.Ot 2.8 19

3,070 0.47 5.7t 4.4 25
15,350 0.37 2.8, 22.1 62

Experiment B
T, 384 1.9 9.2 2.6 23

768 1.4 7.7 3.2 24
3,070 1.0 3.8t 9.8 37

Experiment C
T, 200 1.2 12.6 2.0 25

15,350 0.5 4.2t 18.0 77
Experimenzt D

T 206 0.16 .09 47 4.2
412 0.21 .11 51 5.8
771 0.27 .10 64 6.2

3,070 0.16 .09 99 8.8
15,350 0.21 .09 410 37.0

Expeinimnient E
T 206 0.17 .09 47 4.1

15,350 0.16 .08 510 42.0
* Activity ratio is the percent of the injected dose of iodothyronine per gram of pituitary over the
percent of the injected dose per milliliter of plasma. t Significantly different at P < .01.
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Fig. 2. Isotopic tissue/plasma activity
ratios measured 3 hours after intravenous
injection of [I]Ta (0.13 ng) plus
varying quantities of nonradioactive T3.
Determinations were made after trichloro-
acetic acid precipitation and correction for
trapped plasma proteins within tissue.
Ratios at the lowest total injected dose
(0.13 ng) were normalized to 100, and
those at higher doses are expressed as a
percent of the low dose ratio. Of the
tissues examined, only the pituitary
tissue/plasma activity ratio shows a defi-
nite decrease with increasing doses of
injected Ta.

injected dose was increased from 0.16
to 11.9 ,ug. Similarly, there were no
changes in the tissue/plasma activity
ratios for liver, kidney, and brain when
increasing amounts of nonradioactive
T3 were injected (Fig. 2). In contrast,
there was a progressive and marked
reduction in the pituitary/plasma ac-
tivity ratio as the dose of T3 was in-
creased from 0.1 to 10 ,ug.
The results of three separate experi-

ments with increasing doses of T3 are
summarized in Table I and are com-
pared with the results of two ex,peri-
ments in which T4 was injected. In
order to compare the amount of T4
and T3 bound to the pituitary, the doses
and concentrations are expressed in
molar units. Estimation of the non-
radioactive T3 and T4 in plasma and
pituitary is described in the legend to
Table 1.

Changes in the pituitary/plasma ac-
tivity ratio of T3 could be attrilbuted
exclusively to changes in pituitary bind-
ing because no significant alterations i-n
plasma binding were detected either for
Ta or T4 when equilibrium dialysis was
perfonrmed with serums from these ani-
mals. The results (Fig. 2, Table 1)
indicate the existence of a set of binding
sites in the pituitary, which are char-
acterized by hi-gh affinity but low ca-
pacity for T3. To the best of oyur knowl-
edge, this is the first demonstration of

1254

apparently specific, and easily saturabe,
cellular binding sites for any of the
iodothyronines. T;he absence of signifi-
cant changes in the pituditary/plasma
activity ratio for T4 suggests that the
T4 binding sites are nonsaturable, and
therefore probably nonspecific. The
highest molar concentrations of T4 in
the pituitary were similar to the molar
concentrations in the pituitary attained
in the T3 experiments.

Wlhen saturation experiments with
loading doses of Ta were repeated 5
hours after the injection of T3, the
same general dose-response relation was
observed as in the 3-hour experiment.
On the other hand, no changes in the
pituitary/plasma concentration ratios
were observed with increasing doses of
T3 when measurenents were made 15
minutes after injection. It is possible
that specific T3 binding sites equilibrate
relatively slowly with plasma, and that
the early 15-minute uptake by the
pituitary is mediated by rapidly equili-
brating nonsaturable sites (7).
The results of experiment A (Table

1) indicate that as the concentration of
T3 in plasma was increased from 2.0
pmole/ml to 2.8 pmole/ml, a statistical-
ly significant decrease (P < .01 ) in the
pituitary/plasma concentration ratio
occurred without a change in the esti-
mated pituitary content of T3. These
findings suggest that the pituitary bind-
ing sites are close to saturation at
endogenous concentrations of T3. As
the T3 concentration was further in-
creased above 4.4 pmole/ml, there was
a progressive increase in pituitary con-
tent of T3, possi,bly due to the par-
ticipation of secondary nonsaturable
binding sites.

Injection of both T4 and Ts can in-
hibit pituitary secretion of TSH (1).
Because it has been shown by Braver-
man, Ingbar, and Sterling (8) that T4
can be converted to Ts in man, the
possibility must be considered that the
inhibitory action of T4 is mediated by
T3. Moreover, studies in our labora-tory
(9) have indicated that similar con-
version occurs in the rat and is suffi-
ciently large to account for most, if not
all, of the hormonal potency of T4. The
existence of specific T3 pituitary binding
sites and the failure to find such bind-
ing sites for T4 would be compatible
with the concept that T3 is the primary
hormone. If the T3 binding sites in the
pituitary participate in the negative feed-
back system with TSH, the data in Table
1 would suggest that the binding sites
are very close to being saturated at

normal endogenous concentrations of
T3. One would therefore expect that
under normal circumstances the pitui-
tary would release TSH in an on-off
fashion, the release being triggered by
desaturation of the pituitary binding
sites as a consequence of a small de-
crease in the concentration of circu-
lating T3. Additional studies are required
to determine whether, in fact, the pitui-
tary operates in this postulated fashion.
It is of interest, however, that specific
binding sites with limited capacity for
estradiol have been demonstrated in rat
pituitary by Kato and Villee (10).
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