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Lithirn inhibits the TSH-induced lrtimulatiou of adenyl cyclttt activity 
III beef thyroid #branet without affecting baoal activity. Half-inhibition 
occurs at 4-8 dl Li+ when the IQ* conctntratitn io 2.5 mN and at greater 
Ll+ conceutratlons aa the Mg* conctntrathn is r&red. A relation of the 
iuhibition to the acute antithyroid effects of Li+ is mggesttd. 

We hava shown recently (1) that lithiuu adriniatration to rats acutely 

blocka several steps in thyroidal iodine metabolism. Thlr includes inhibition 

of 1) the ability to accuaulatt iodide, 2) the orgauification of Iodine uea- 

smtd aa the radioiodine uptake, aud 3) the release of iodine fra the gland. 

It ir knowo that these parameters tre under the control of the thfrotropic 

hormone (TSA). Siuce a nuabtr of reaponets to TSH art apparently uediattd by 

the adtnyl cyclaat system (2), it seemed poaeiblt that Li+ exerted same of 

its inhibitory effects on iodine metabolia via this enzyme syrtem. This 

view was l trengthtned by the report (3) that large concentrations of Ll+ 

produced partial inhibition of the ACT5induced stimulation of the adenT 

cyclaim of fat cell ghost$. 

kfATEBIALSANDHEl!UODS 

All experiments were carried out on beef thyroid membranes that were 

stored In liquid nitrogen. Beef thyroida were homogenited in 0.25W sucrose 

containing 3.0 ml4 Trir EC1 pE 7.4, 1.0 mtf dithlothreitol, and 1.0 mM ethylene 

glycol-biu (&amino ethyl tthtr)N,N'-tetracttic acid (ETA) tt the &* ult . 
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After removal of debris at lOOxg, the upper portion of a twice washed 

11,OOOxg pellet was purified on a discontinuous sucrose gradient (30, 40 and 

45% sucrose) in a SW 25.2 Spinco rotor at 2% The middle interface was 

collected, diluted with water or 0.2511 sucrose, sedimented, and stored frozen 

in the 0.251 sucrose medium. Details of this preparation will be described 

elsewhere. 

Adenyl cyclase was assayed at 37% for 10 rain, according to the method 

of Krishna, et al. (41, as modified by Birnbauer et al. (3). The total 

incubation volume was 60 pl containing 2.7 IN ATP-a- 32 P, (obtained from the 

International Chemical and Nuclear Corp.) 10 ml4 theophylline, 0.1% crystalline 

bovine serum albmin, 25 r&i Tria Ml, pD 7.40, 10 mM creatine phosphate, 20 

pg of rabbit muscle creatine kinass (Sigma), and bovine aem albumin to 

concentrations of O.l%. Fluoride wae present at 10 IBM where indicated. The 

P&Cl2 concentration was varied as indicated in the text. Lithitr and aodiln 

were added as the chlorides; bovine TSH (4 units/mg) was added in 0.1% albtrin 

at a concentration of 200 mU/ml. ATPase was determined as previously 

described (5). 

ReSULTS AND DISCUSSION 

As ahawn in Fig. 1, lov concentrations of Li’maricedly reduced the atim- 

ulatian of thyroid membrane adenyl cyclase activky produced by TSH. In 

four experiments and with threa membrane preparations the concentratim 

yielding a 50% reduction in the TSH effect varied from 4-g ml& This was 

true *when the Mg* cencentration was 2.5 mM. When this was increased 

to5mMNp the 50% inhibition point occurred at 30 mM Li+(not shown). 

l’his suggests that Li+ cwpetea with Mg* in this system, and plots of the 

reciprocal of the rate of TSR-stimulated adenyl cyclase activity against Li+ 

concentration at various * * levels are consistent with competitive kinetics. 

That this Li+ effect was not merely me of ionic strength is shown by 

the curve depicting inhibition of the TSH-stimulated adenyl cyclase activity 

by Na+ ion (Fig. 1). Wen at 50 mM Na+ (plus the 6 mH present ia the 
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Fig. 1 - The inhibitory effect of Li+ and Na+ ime on beef thyroid adenyl 
cyclaae. Ihe Hg* concentration ia 2.5 aH. O-O oad @-@ rtand for Li+ 
exparfiaatr; A-A ad 4-A stard for Na+ expsri,muta. 0-0 and A-A stau$ for 
bmal activity aud g-@ and A-A for eyclase activity stimulated with 200 u&l 
of bovine TSH. 

norul lncubatlon mediuu), iabibltion waa only approximately 50X. Poturium 

ion had au incowtant effect, incrwiug baeml activity iu three membraue 

preparationsan average of 27% and tS?l-stimulated activity an average of 79X 

at 30 mM K+, while having 00 effect in a fourth, highly active preparation. 
*+ Since it haa been showu that there are two Mg reqairemanto in adanyl 

cyclaee of fat cells, one for the formation of Hg-ATP the other on the an- 

(3), and aaauming that a similar two-site requirement existed for the 

thyroidal adenyl cyclase, it reemed important to hnow which of these two 

site8 was the locw of the Li+ effect. We, therefore, measured the effect 

of Li+ on the ouabain-8ennitlve ATPasa pre8ent in there same ubrane 

preparatious. Aa shown in Table I,50 mU Li+ was without effect. ThiS 

suggeata that Li+ acts on tbe Mg * bound to the cycla8e rather than that 

bound to ATP. 

In view of the possible interaction of lithiun with divalent cations 
+t or Ca and mg* - dependent processes (6,7,8), we studied in greater detail 

the role of Mg* on the Inhibition by Li+ of TSH stimulation of thyroid 

membrane adenyl cyclare. It ia clear from Fig. 2 that the Mg* concentration 

haa a profound effect on the ability of Li+ to block the TSH-Induced atim- 
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Fig. 2 - The effect of Kg* concentration on the Li’-inhibition of TSK- 
stimulated adenyl cyclme actfoity l Li+ concentration is 10 m&l, TSU 
concentration 200 au/ml. 
Left pauel: O-0 and 0-S stand for coxtrols and A-A and A-A ataud for Li+ 
experlmenttx l O-O and A-A stand for basal activity and @-g and A-A for TSR- 
stimulated adenyl cyclaee. 
Right panel: Percent inhibition is expreraed M 

l- TSH - basal activity (with Li+> 
TSK - baaal activity (without Li+) 

alation of adenyl cyclase activity. The control and Li+ curve8 become 

superimposable at Kg* concentrations greeter than 5 mM. when plotted aa 

TSB “effect ,” i.e., TSK-stimulated activity minus banal activity, it can be 

seen that 10 mM Li+ had a maximal inhibitory effect at 2.5 mK Mg”. 

Fluoride stimulation of adenyl cyclase activity war reduced at much 

higher Li+ concentration. In four membrane preparation6 the concentration 

for 50% Inhibition exceeded 50 &! Li+. 

The cation potencies may be written in the order K’4?a+<Ll’; this is 

aleo the well-hnoun order of potencies affecting macrewlecular conforntiona 

(9,110). MB++ Is the next member in this lucreming order of potencies. 

Ikwever,the denaturleg effect8 occur at much larger conceutrations than 

required In the premat rrtudy. It 18 of interest that for dipeptidyl 

arylamidue II, Li+ lo inhibitory (20% at 9 mE4) in the absence of a reqaire- 

merit for a divalent metal ion. The order of potencies for the alhall cationa 

im, however, the reverse from thet shown above (11). We have, at present, 
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ao explaaation for the interaction betwean Li+ aad Mg*. While the cryrtal 

radii of theae tuo cationa are quite similar [Li+ - 0.60 ;, MS* - 0.65 i 

(Paullug)], it ia uncertain to uhat extant these are applicable rather than 

the vary differeat hydrated radii [Ll+ - 2.30 ;, MS* - 3.44 i @oalwyn- 

Hughes) 1. It is knowu, however, that the reciprocal of the crystal radius 

can be one of the many paraueters determiniag the stability or foraatioo 

constants of coordiaation compl.exes for elements within the same period (12). 

Thns factors involving the interaction of Li+ with the Mg* sits on the enzyue 

may include the crystal radius aa a deteruiaant. 

As hair been found by others (3) basal adeayl cyclase activity is 

increased by raising the concentration of Mg* in the mediun. Unlihe the 

fat cell, the thyroidal basal activity plateaus, or nay evan fall, at high 

w3 * concentrations (Pig. 2). Another difference fra the fat call ie that 

the hornone stinulatad activity also falls with large MS * levels (Fig. 2). 

The intrathyroidal Li+ concentrations that have been achieved in acute 

axperimente in rata are in the range of 5-10 nM (Berear, uapublished obsar- 

TABLE I 

Lithiun and Beef Thyroid ATPase Activity 

Li+ concentration Mg* Activity Mg++-Na+-K+ Activity* 
@¶I (Pi(wler/~/h) (Pi(ulaolell/Dg/h) 

0 34.6 21.2 

5 33.8 22.6 

20 34.2 22.2 

50 34.6 25.4 

Ihe radfta contained: 5.0 IaM ATP, 5.0 ml4 Mp, O.lM Trie UC1 pU 7.4, 25 IPM 
Ha+, 4.6 @f *, 1.0 nh ouabain where indicated, and 35 kg of membrane 
protein added to start the reactlcm. All values ara aver-es of duplicates. 

* 
Ouabaia reneitive ATPase. 

81 



Vol. 39, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

vations). Asmming that this Li+ III uniforuly distributed in the gland, 

aach concentrationa fall within the range of adenyl cyclare senrritivity and 

it is therefore possible that fnhibition of this enzyme systeu accounts for 

the acute inhibitory effecte of Li+ on iodine uetabolisu. These findings 

do not, however, rule out Li+ effects at other loci in the thyroid glaud. 
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