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The importance of calcium for the expression of hormonal effects in
tissues has been repeatedly demonstrated. Omission of catt from the buffer
abolished effects of ACTH on the adrenal (Birmingham et al., 1953, and Peron
et al,, 1958), vasopressin on the toad bladder (Rasmussen et al., 1964) and
epinephrine on amylase secretion by rat parotid gland (Rasmussen et al.,
1968). 1In addition catt was essential for glucose-stimulated insulin
release from the pancreas (Grodsky et al., 1966) and the release of LH
(Samli et al., 1968) and TSH (Vale et al., 1967) from the pituitary induced
by their respective releasing factors. Bakke et al. (1957) reported that
omission of Ca*t from the buffer decreased the weight of incubated thyroid
slices and the slope of the response of this parameter to TSH., Kondo et al,
(1963) noted that catt was required for the in vitro TSH stimulation of
131I transfer from the intrathyroidal iodide pool into thyroglobulin. In
the absence of Ca++, glucose~1-14¢ oxidation by sheep thyroid slices was re-
duced as was the stimulation produced by 128 mu/ml TSH (Dumont, 1965).
Current evidence indicates that since some of these hormonal effects are
mediated through 3'5' cyclic AMP (Sutherland et al., 1965), Ca’* could be

necessary for either 3'5' cyclic AMP generation or for the subsequent meta-
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bolic effects of this nucleotide. The observation of Rasmussen et al. (1968)
that, in the absence of Ca'™t, epinephrine still increased 3'5' cyclic AMP

in rat parotid even though amylase secretion was inhibited suggested that
ca'tt was essential for 3'5' cyclic AMP action. Since effects of TSH on

the thyroid also appear to reflect increased 3'5' cyclic AMP production
(Gilman et al,, 1966), the present studies were donme to evaluate the con-
sequence of catt exclusion on thyroid-stimulating hormone (TSH) and dibutyryl

14

3'5' cyclic AMP (DBC) stimulation of glucose-1-14C oxidation and 32p

incorporation into phospholipids by dog thyroid slices.

MATERIALS AND METHODS

Dog thyroid slices were obtained and prepared as previously reported
(Field et al., 1960), 1In order to insure that slices were being incubated
in the absence of Ca’t in the medium, they were initially incubated for
two hours in Ca't-free Krebs-Ringer bicarbonate buffer containing glucose
(1 mg/ml) prior to the final incubation in the same buffer during which
glucose oxidation or 32p incorporation into phospholipid was measured, In
the initial two hour period, the buffer was changed at the end of the first
and second hours, The importance of this initial incubation was emphasized
by preliminary experiments in which only a single incubation in either
Krebs-Ringer bicarbonate buffer containing 2.5 mM Ca**'(KRB) or in the same
buffer minus Catt was utilized. Under such conditions frequently no difference
in either baseline or TSH-stimulated glucose oxidation was observed. 1In
order to assess further the role of Ca'™ some slices which had been incubated
initially in buffer minus catt were transferred to buffer containing catt
for the final incubation during which glucose oxidation and 32p incorporation
into phospholipid was measured, When glucose oxidation was evaluated, the
final incubation was for 45 minutes and 0.2 pc (200,000 cpm) glucose-l-14c
was added to all flasks and TSH and DBC to the appropriate flasks. The

reactions were terminated and 14002 collected and counted as previously

described (Field et al., 1960). 32p incorporation into phospholipid was
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studied during a final two hour incubation (Oka et al., 1966). Each flask
contdined 10 pc 32Po4 and 1 mg/ml glucose., The amounts of TSH and DBEC
present in the appropriate flasks are given in each table. Glucose-l-lac
(sp. act. 2-4 mc/mmole) was purchased from Nuclear-Chicago Corporation and
32p (45 mc/mg) from Squibb. D3C was obtained from Boehringer Mannheim
Corporation., TSH (2 units/mg) was a generous gift from the Endocrinology

Study Section, National Institutes of Health.

RESULTS AND DISCUSSION
The data in Table I indicate that basal glucose oxidation was significantly
reduced (347) when ca*t™ was excluded from the buffer. Furthermore, the per
cent stimulation induced by 0.5 and 5 mu/ml TSH was reduced in the absence

of catt. However, a larger dose of TSH (50 mu/ml) caused an equivalent

per cent increase in glucose-1-14c oxidation whether catt

was present in the
buffer or not. The decreased effectiveness of small amounts of TSH in the
absence of catt is not contrary to our previously published results that

TSH increased glucose oxidation in a variety of buffers, many of which were
devoid of Cat (0'Malley and Field, 1964), 1In those experiments, the TSH
concentration was 250 mu/ml and the present experiments demonstrate that
such large amounts of TSH were equally effective in Krebs-Ringer bicarbonate
buffer with or without cat™, Although Dumont (1965) found that omission of
catt from the buffer inhibited the effect of 128 mu/ml TSH, he used sheep
thyroid slices which are less sensitive to TSH than dog thyroid slices. The
observation that small but not large amounts of TSH require catt for stimu-
lation of glucose oxidation suggests the possibility that two different
mechanisms may be involved, A somewhat analagous situation has been reported
with adipose tissue (Ho et al,, 1967). The lipolytic effect of low doses

of ACTH and catecholamines were inhibited by omission of K* from the buffer.

However, such inhibition could be overcome by increasing the concentrations

of the hormones.

Since the current concept of TSH action involves mediation by 3'5' cyclic
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AMP (Pastan et al,, 1967), the effects of cat™ exclusion from the buffer
could be explained in at least two ways. Activation of adenyl cyclase by
TSH might require Ca’t or alternatively Ca*t might be essential for the

expression of effects of 3'5' cyclic AMP, The decreased basal glucose

oxidation in the Catt-free buffer could be compatible with either one of
these hypotheses, The results summarized in Table II indicate that the more
likely explanation was that ca™ was essential for the metabolic effects of
3'5" cyclic AMP, 1In the absence of Ca++, DBC stimulation of glucose-1-14C
oxidation was also markedly decreased, similar to the reduction observed
using 1 mu/ml TSH. Furthermore, Rasmussen and Tenenhouse (1968) reported
that epinephrine-induced elevation of 3'5' cyclicAMP in rat parotid slices
was unimpaired in ca**-free buffer but that amylase secretion was not in-
creased. We have found that baseline adenyl cyclase activity was the same
in thyroid slices whether they had been incubated for two hours in Krebs-
Ringer bicarbonate buffer with or without catt,

The data in Table III indicate that the addition of Catt during the
final incubation restores basal glucose oxidation and the stimulation pro-
duced by 1 mu/ml TSH and 0.5 mg/ml DBC. Thus the results obtained with
catt-free buffer cannot be attributed to an irreversible or non-specific
effect on the thyroid slices.

Catt was previously reported to be essential for the effects of TSH
on increasing thyroid slice weight (Bakke et al., 1957) and 1317 transfer
from the intrathyroidal pool of iodide into thyroglobulin (Kondo et al.,
1963). The results presented in Table IV demonstrate that stimulation of
32p incorporation into phospholipids by small doses of TSH is also dependent
upon ca*t. However, in contrast to glucose oxidation, omission of catt
from the buffer did not consistently reduce basal 32p incorporation, Similar
to the experiments measuring 14COZ production, the inhibition caused by
omission of Catt from the buffer was not apparent when larger amounts of

TSH were used, TSH responsiveness was again restored when slices which
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had been incubated in Ca++-free buffer were placed in buffer containing catt

for the final incubation. It is not known whether all the diverse effects

of TSH on the thyroid gland are also dependent upon adequate amonts of
ca™. Even if these effects are all mediated via 3'5' cyclic AMP as has
been postulated (Pastan et al,, 1967), it is conceivable that some of them
might be independent of catt,

H is involved in the

Thus, although these results suggest that Ca
expression of the metabolic effects of 3'5' cyclic AMP in the thyroid, the
mode or site of this action is not clear. Rasmussen and Tenenhouse (1968)
postulated that the primary effect of 3'5' cyclic AMP was to increase the
permeability of cellular membranes to Ca++, and it was the intracellular
accumulation of this ion which was in fact responsible for the subsequent
metabolic effects. The present results would be compatible with this
hypothesis since in the absence of extracellular Ca++, DBC or 3'5' cyclic
AMP would be without effect. They would also be consistent with a require-
ment for Ca’t for the binding of TSH to the thyroid cell membrane necessary
for the activation of adenyl cyclase and for the transport of DBC into the
thyroid cell. This latter explanation seems less likely, since epinephrine
still increased 3'5' cyclic AMP in rat parotid in the absence of ca™* even
though secretion of amylase was not observed (Rasmussen et al,, 1968). It
is also possible that 3'5' cyclic AMP mediates an intracellular rather than
transcellular shift of Ca™* or that both 3'5' cyclic AMP and Catt are essential
for the various metabolic effects which have been attributed to the nucleotide,
Qur preliminary results indicating that increasing the concentration of catt
in Krebs-Ringer bicarbonate buffer from 1.3 to 11,7 mM in the absence of
phosphate stimulates basal glucose oxidation does not clearly distinguish

between these various possibilities.
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