
Effects of Thyrotropin, Sodium Fluoride and Ions 

on Thyroid Slice Metabolism 

Activation of adenyl cyclase with result- 
ant formation of cyclic 3’. S-AMP has 
been implicated in the action of thyro- 
tropin (TSH) on thyroid. Since sodium 
fluoride increases adenyl cyclase activity 
in thyroid and also stimulates thyroid 
slice ghrcose oxidation and phospholipo- 
genesis, we compared the effects of TSH 
and fluoride, singly and in combination, 
on glucose-l-’ ‘C oxidation and :jzP in- 
corporation into phospholipid in sheep 
thyroid slices. Although these effects 
were superficially alike, and were simi- 
larly affected by changes in the ionic 

composition of the incubation medium, 
no synergism between TSH and fluoride 
effects was noted and stimulation induced 
by maximal effective concentrations of 
NaF was augmented by the addition of 
TSH. These data suggest that the sites 
at which these compounds interact on 
the thyroid to exert their effects are dif- 
ferent. The significance of these findings 
in relation to the possible role of the 
adenyl cyclase-cyclic 3’, S-AMP SJ stem 
in controlling thyroid metabolism is dis- 
cussed. (Metabolism 18: No. I. Januaq, 
35-42, 1969) 

CTIVATION OF ADENYL CYCLASE with rchultant formation ot’ cyclic 

3’. 5’-adenosinc monophosphate (C-AMP) has been implicated in the 

action of thyrotropin (TSH ) on thyroid.‘-‘: Since sodium fluoride increases adcnyl 

cyclase activity in homogenates of various tissues’~‘; including thyroid.: and 

since fluoride has been shown to stimulate glucose oxidationi,x and phospholi- 

pnecnesis’ L in thyroid slices. we compared the effects of TSH and fluoride 

singly. and in combination, on glucose-l-‘4C oxidation and ‘!-P incorporation 
into phospholipid in sheep thyroid slices. The results of this study show that 

while many similarities exist in TSH- and fluoride-enhance+ thyroidal intcr- 

mediary metabolism, the sites at which these compounds interact on the th\~roid 

to produce their effects are different. 

MATERIALS AW METHODS 

Bovine TSH (B-4, 2 IU/‘mg.) was generously supplied by the Endocrinology Stud! 

Section. NIH. Sodium fluoride was purchased from Baker Chemical Co., glucose-1.1 I(- 

( 7.Sm40 mc. ‘mole) and carrier-free ::“P-orthopho~ph~tte were ohl:tined from Intern;ttion;,l 

( ‘hemical and Nuclear Corp. 

Ovine thyroids were obtained from an ahattoir. ‘rhl L method of preparation and in- 

cubation of sheep thyroid slice> and the counting system employed have heen descriheti 

previottsl\.!l-“l A standard 2-hour incubation period was used in both glttcoqe-l-1 IC‘ tluiti;lti<)n 

-. 
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and 32P incorporation into phospholipid studies with TSH and NaF. Phospholipids were 
isolated according to the procedure described by Kiigl and Van Deenen.11 

Substances to be tested were dissolved in Krebs Ringer bicarbonate buffer (KRB), pH 
7.4. TSH was used in concentrations of 125-500 mu/ml. in glucose oxidation studies 
and at 10-50 mu/ml. in 32P incorporation experiments. 

NaF was used in concentrations ranging from 3.5 to 42 mM. 
The data (absolute values) obtained were evaluated by a l-factorial, l-nested analysis 

of variance.12 The probability of significant interaction between groups was established 
by factorial arrangement of treatments.13 

RESULTS 

Eflects of Fluoride on Glucose Oxidation and Phospholipogenesis 

Fluoride increased the oxidation of glucose-l-lJC to l”COz in sheep thyroid 

slices. The response increased as the fluoride concentration was increased over 

the range of 3.5 to 3 1.5 mM. NaF, 3.5 to 21 mM increased the incorpora- 

tion of 3L’P into phospholipid. The greatest effect was seen with NaF, 21 mM. 

Concentrations of 31.5 mM reduced aaP incorporation into phospholipid below 

basal levels. Representative experiments (of a total of 8) are detailed in Table 1. 

When thyroid slices were preincubated with NaF or buffer for 5, 15, or 
30 minutes at 37” C, washed in buffer and then incubated with fresh buffer and 
glucose-l-l-C or 39P for 2 hours at 37” C, significant stimulation of gIucose oxida- 

tion and 33P incorporation into phospholipid was seen in NaF preincubated 
slices (Table 2). The length of preincubation with NaF did not affect the 

magnitude of stimulation produced. 

When thyroid slices were incubated with combinations of NaF, 9mM, and 

varying concentrations of TSH, no synergism between fluoride and TSH effects 
was seen in either glucose oxidation or .??P incorporation experiments. Results 

of these experiments are detailed in Tables 3 and 4. Submaximal concentrations 

of NaF and TSH combined produced only additive effects on 71C0, production 

and 33P incorporation. 

Ineffective concentrations of TSH were not potentiated by NaF t Table 5). 
When thyroid slices were preincubated for 5-30 minutes with NaF, 3.5 to 

Table l.-Effect of Sodium Fluoride on Glucose Oxidation and Pbospholipogenesis 
in Sheep Thyroid Slices* 

~.~.~~ ~~__ 
14COa Produced from Glucose-1-X XP Incorporation into Phospholipid 

Fluoride ( mM ) ~cpm/mg./Z hr.) (cpm/mg./? hr.) 

- 188 % 6 386 -r- I5 

3.5 2392 8 i 482& 18t 

9 280 -t- 10 f 568 i 20 f 

21 332 -c 12 t 708 2 23 f 

31.5 389-c 13t 208 2 11 : 
42 271 ?z 17 t - 

* Each flask contained 0.33 mg./ml. glucose in glucose oxidation and 0.26 mg./m< 
glucose in s2P incorporation experiments and either glucose-l-l%, 0.25 @C./ml. (250,000 
cpm) or 10 ,JJC. s2P-orthophosphate. Incubations were for 2 hours. Each value is the mean 
for 3 slices ? SEM. 

t Significantly greater than control (p < 0.05 to p < 0.01). 
t Significantly less than control (p < 0.01). 
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Table 2.-Effect of Preincubation with NaF on Glucose Oxidation and 
Phospholipogenesis in Sheep Thyroid Slices* 

Preinctb$p; Time ‘*CO? Production :‘“P Incorporat!on 
Fluoride tmM 1 (cpm/mg./Z hr.) (cpm/mg.:? hr. 1 

- 5-30 .; 196k 6 309 k 14 

3.5 5 243& 7$ 421 2 15 z 

3.5 I.5 239 ‘- X I- 418 I!z 13 r 

3.5 30 24.5 t 6: 415rt II i 

9 5 2x0 -c 8 t 48X& Ih+. 

9 15 279 2 8 t 484 * 20 :I 

9 30 278 2 9 t 4x7 k IS 

21 5 336k l2$ 5X7&21 .i 

?I 15 33.5*13$ 593 I1L_ ‘2 :: 

21 30 330 k 12 $ .5X3? 19: 

.:. Thyroid slices were preincubated at 37” C for times specified with NaF or buffer, 

washed with buffer and then incubated for 2 hours at 37” C with fresh buffer and glu- 

case-l-t-‘C or s”P-orthophosphate. Results are means of triplicate determinations rt SFM. 

.: Varying the preincubation time with buffer only did not affect basal glucose oxidation 

or phospholipogenesis. 

i Significantly greater than control (p < 0.05 to p < 0.01 ). 

Table 3.-Combined Effects of NaF and TSH on Thyroidal Glucose Oxidation 

Substance 

P 
NaF, TSH 

‘S. contro1 Interaction .f 

NaF. Y mM 

TSH. I25 mU/ml. 

NaF. 9 mM 1 
TSH. I25 mU/ml. ( 

TSH, 250 mU/‘ml. 

N aF. 9 m M 1 
TSH, 2.50 mU/ml. j 
TSH. 500 mU/ml. 

NaF. 9 mM 1 
TSH, 500 mU /ml. ( 

Glucose-l-K Oxidation 
Per cent of Control * 

Mean i Range ‘i \ 

140 136-144 

I14 110-l 1x 

IS4 147-162 

137 131-143 

179 173-186 

I60 157-164 

187 177-194 

< .Ol 

< .05 

< .Ol NS B 

< .Ol - 

< .Ol NS 

< .Ol 

< .Ol NS 

::: Control: Krebs-Ringer bicarbonate buffer. Incubation time: 2 hours. Conditions v,erc 

as tle<cribed in text. 

-I Mean and range of 6 experiments. All determinations in each experiment performed 

in triplicate. 

.!- The probability of significant interaction between groups (in this instance equivalent 

to synergism between NaF and TSH effects) was validated by factorial arrangement of 
treatnients.t:r 

6 NS: not Ggnificant. 

21 m-M, washed with buffer and then incubated with varying concentrations 

of TSH and :{-P or glucose-l -‘“C, similar results (i.e.. lack of potentiation) were 
obtained. 

Stimulation of glucose oxidation or phospholipogenesis by maximally effective 
concentrations of NaF (3 1.5 mM or 21 mM) was augmented by the addition of 
TSH (Table 6). 
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Table 4.-Combined Effects of NaF and TSH on Thyroidal Phospholipogenesis 

Substance 

NaF. 9 mM 

TSH. 10 mU/ml. 
NaF. 9 ntM I 
TSH. IO mU/ml. ( 

:XP Incorporation P 
Per cent Of Control * NaF;TSH - 

Mean -1 Range .; Y\. C‘ontiol Interaction ‘. 

14X 145sl51 < .Ol - 

I22 119~126 < .02 - 

170 163-177 < .OI Nsn 

TSH. 25 mU/ml. I44 13x-IS0 < .Ol 

NaF, Y mM I 
TSH, 25 mU/ml. \ 

203 I ‘)7720x < .Ol NS 

TSH. SO mU/ml. 1x0 174-1X6 < .01 

NaF, 9 mM 

TSH. SO mU/ml. 
232 2233240 < .o I N’; 

‘ii Control: Krebs Ringer bicarbonate buffer. Incubation time: 2 hour-s. Conditions were 

as de;crihed in text. 

1 Mean and range of 6 experiments. All determinations in each experiment performed 

in triplicate. 

:;: The probability of significant interaction between groups (in this instance equivalent 

to synergism between NaF and TSH eflects) was validated by factorial arrangement of 

treatnients.l:+ 

3 NS: not significant 

Table S.-Combined Effects of NaF and Ineffective Concentrations of TSH 
on Thyroidal Glucose Oxidation and Phospholipogenesis’:’ 

NaF, 3.5 mM 

NaF. 9 mM 

NaF. 2 I mM 

TSH. 5 mU/ml. 

TSH, 50 mU/ml. 

TSH, 5 mU/mI. 1 
NaF. 3.5 mM. 

TSH. 5 mU/ml. i 
NaF. 9 mM i 
TSH. 5 mu/ml. ) 

NaF,2lmM ( 

TSH, 50 mU /ml. ) 

NaF, 3.5 mM. ( 

TSH, 50 mU/ml. ) 
NaF, 9 mM \ 
TSH. 50 mU/ml. 1 

NaF,2ImM ( 

2012 6 

2765 7 

332 +- 9 

3x9 -t I3 

1632 4 

- 

266% 7 

317k 8 

384 i- 12 

< .05 

< .a2 

< .Ol 

< .Ol 

51-I i I6 

656 -c I9 

760 k 23 

903 r 3x 

517 k IS 

649 I IX 

756 2 26 

909 k 30 

NS 

NS 

- 
<.Ol - 

<.Ol - 

<.ot - 

NS - 
- 

< .01 NS 

< .Ol NS 

< .Ol NS 

NS 

* Each flask contained 0.33 mg./ml. glucose in glucose oxidation and 0.26 mg./ml. glu- 

cose in 3sP incorporation experiments and either glucose-I-JJC, 0.25 pt./ml. (250,000 

cpm) or 10 pc. :<rP-orthophosphate. Incubations were for 2 hours. Each value is the mean 

for 3 slices k SEM. 

? The probability of significant interaction between groups (in this instance equivalent 

to synergism between NaF and TSH effects) was validated by factorial arrangement of 

treatments.13 
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Table 8 .-Effect of Ionic Composition of Buffer on TSH and NaF Stimulation 
of 33P Incorporation into Phospholipid in Thyroid Slices 

BUfflX Control 
anP Incorporation (cpm/mg.) * 

TSH, 50 mU/ml. NaF, 9 mM NaF. 21 mM 

Experiment 1 
KRB 487-c21 876 ? 29 t 682 rt 22 $ 891 -c 30 T 
Na+ replaced by K+ 218? 8 t 207 -+ 10 223? 9 209 ?I 11 
Ca++ replaced by Na+ 306 -+ 11 t 730 !I 21 $ 651 ?z 19 t 739 +- 22 $ 
Mg+ + replaced by Na+ 318 k 13 i 699 k 18 $ 612 -I 1.5 $ 683 -c 17 $ 

Experiment 2 
KRB 500 2 28 902?31$ 674 f 21 $ 876 -c 2.5 $ 
K+ replaced by Na+ 474 2 20 1026 -+ 32 $ 772 2 23 : 1002-c37: 
NaCI, 154 mM 700 -c 25 i- 2040 2 69 $ 1540 -c 43 $ 1676241: 

* Results are means -C SEM of triplicate determinations. A separate gland was used for 
Experiments 1 and 2, but all studies within each experiment were performed on slices 
from a single gland. 

t p < 0.01 when compared to control value using KRB. 
t p < 0.01 when compared to control value using the same buffer. 

single gland. Replacement of Na+ by K+ was associated with marked augmenta- 

tion of control glucose oxidation; although the stimulatory effect of TSH was 

still demonstrable in this buffer system, no sodium fluoride effect was evident 

(Table 7, Exp. 1) . Omission of Ca+ + or Mg+ + did not affect control glucose 

oxidation and did not alter TSH or NaF effects. Substitution of isotonic NaCl 

for KRB abolished basal and stimulated glucose oxidation (Table 7, Exp. 2). 

Replacement of Na+ by K+ was associated with complete inhibition of TSH 

and NaF stimulation of phospholipogenesis and a marked reduction in base-line 

incorporation of :j2P into phospholipid. Reduction in control 3zP incorporation was 

also observed when Ca+ + or Mgf + were omitted. However, under these circum- 

stances both TSH and NaF still caused significant stimulation of :j?P incorpo- 

ration into phospholipid (Table 8, Exp. 1). Omission of K+ from KRB did not 

affect control phospholipogenesis but was associated with a modest and sta- 

tistically significant (p < 0.05 to p <0.02) increase in TSH and NaF stimula- 

tion. (Table 8, Exp. 2). When isotonic NaCl was substituted for KRB, basal 

phospholipogenesis was increased and both TSH- and fluoride-induced 3”P in- 
corporation were greatly augmented (Table 8, Exp. 2). 

DISCUSSION 

The present study reveals a number of similarities in the effects of TSH and 
sodium fluoride on thyroidal intermediary metabolism. Both compounds in- 

crease glucose oxidation and phospholipogenesis in sheep thyroid slices and 
many modifications of the ionic composition of the medium effect the same 

alterations in TSH- and NaF-induced glucose- 1 -l.‘C oxidation and 3”P incorpora- 

tion. 
The effects of altering the ionic composition of the medium on thyroid 

phospholipid metabolism noted here are entirely comparable to those previously 
reported elsewhere.14J5 However, the effects of ions on glucose-1-l”C oxidation 
obtained in sheep thyroid slices in the present study are not consistent with the 
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results reported by O’Malley and FieldR in canine thyroid wherein TSH stimula- 

tion of glucose oxidation did not appear to be dependent on the ionic composition 

of the buffer. Conceivably species differences may account for this discrepancy. 
The divergent effects of ionic alterations on glucose oxidation and phospholip- 

ogenesis (basal and stimulated) reported herein are entirely consistent with the 

results of previous studies in our laboratoryl” and those of others”’ indicating 

that these two metabolic pathways are not interrelated. 
Despite the similarities in TSH and fluoride effects noted above, the weight 

of evidence obtained in this and other (vide infra) studies suggests that TSH 

and NaF influence thyroidal intermediary metabolism by interaction with en- 

tirely different receptor sites in the gland. Thus, in the present study. there was 

no synergism between the effects of these compounds in either glucose oxidation 

or :!‘P incorporation experiments, and ineffective concentrations of TSH W~J-c 

not potentiated by NaF. Stimulation of glucose oxidation or phospholipogenesis 

by maximally effective concentrations of NaF was augmented by the addition 

of TSH. indicating clearly that these two compounds interact with different sites 

on the thyroid to produce their effects. 

These latter findings are consistent with recent studies by Pastan and co- 

workers’ in beef thyroid slices wherein fluoride increased glucose-6-1’C oxidation 

more than glucose-l-14C oxidation whereas TSH preferentially stimulates glucosc- 
I-“C oxidation.17 Fluoride also failed to produce intracellular colloid droplets 

and pseudopods whereas TSH does SO.~,‘” 

Since both TSH and NaF stimulate thyroid homogenate adenyl cyclase.i 
these slice data would suggest that intrathyroidal events following activation of 

adcnyl cyclase differ depending on the activating compound employed. Inked. 

although TSH increases C-AMP in thyroid. fiuoride does not do so,‘!’ so that 

fluoride may directly stimulate glucose and phospholipid metabolism in slices 
without atfecting C-AMP. 

In this regard, it should be noted that omission of Mg -.- from the incubation 

medium in adenyl cyclase assays with thyroid’ and other”” tissue homogenates 

abolishes adenyl cyclasc activity, while omission of Mg++ from the buffer in the 
present study did not affect fluoride (or TSH) stimulation of thyroid slice 

glucose oxidation or phospholipogcnesis. Although it might bc concluded from 
these tindings that activation of adenyl cyclase is not central to these cffccts. 

due caution must be exercised in attemptin, 0 to correlate results of metabolic 

studies in thyroid slices with those obtained in thyroid homogenates and vicc- 

versa. 

If the adznyl cyclase-C-AMP system is indeed involved in some or all cfccts 
of TSH on thyroid, it is also possible that TSH and sodium fluoride interact 

at different sites on the (adenyl cyclasc) enzyme system itself. Studies are cur- 
rcntly in progress in our laboratory to explore this possibility. 
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