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Abstract—The effect of lithium (Li) on the stimulation of adenylate cyclase by prostaglandin
E, (PGE,) was examined. In platelet sonicates, Li, as well as sodium (Na), potassium (K),
and rubidium (Rb) significantly reduced the PGE, -induced stimulation of adenylate cyclase
in a dose-dependent manner. The inhibition due to Rb was significantly less than that pro-
duced by the other cations; at a high concentration, 64 mM, Li was a more potent inhibitor
than the other cations. In intact platelets, only Li reduced the PGE,-enhanced accumu-
lation of [*H]cyclic AMP, K and Rb being ineffective. As little as 1 mM Li significantly
reduced the stimulatory effect of PGE, on [*H]cyclic AMP production in this sytem. The
inhibition produced by Li was not blocked by phentolamine, whereas phentolamine did
block the inhibition due to norepinephrine (NE). Magnesium enhanced the stimulatory
effect of PGE, on the production of labeled cyclic AMP in intact platelets and antagonized
the inhibition produced by Li on this process. These data show that Li antagonizes PGE,-
induced stimulation of platelet adenylate cyclase at a site distinct from that at which NE
acts.

THE increasing use of lithium (Li) in psychiatric practice has stimulated numerous
investigations into the possible mechanisms of action of this cation. Much of this
research has involved the interaction of Li with biogenic amines, as such compounds
have been postulated to play a key role in the pathogenesis of affective illness.!*?
Recently, Li has been shown to affect a system through which many hormones, and
possibly neurotransmitter substances as well,>** exert their effects, namely the adeny-
late cyclase-adenosine 3',5'-monophosphate (cyclic AMP) system. In many tissues,
Li appears to inhibit hormone-induced activation of adenylate cyclase without
lowering basal enzyme activity. For example, high concentrations of Li reduce the
increase in brain adenylate cyclase activity produced by fluoride or catecholamines,’
decrease the stimulation of renal adenylate cyclase by antidiuretic hormone (ADH),®
inhibit parathyroid hormone stimulation of renal cortical adenylate cyclase in male
rats’ and inhibit corticotrophin- and fluoride-induced stimulation of the enzyme in
fatcell ghosts.® Lower concentrations of Li diminish the activation of adenylate cyclase
in thyroid slices by thyroid-stimulating hormone (TSH)®**° and reduce the norepine-
phrine (NE)-stimulated formation of [**C]cyclic AMP produced from ATP pre-
labeled with [**CJadenine in rat cerebral cortical slices.!!
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In the present paper, we report data which extend these observations by showing
that prostaglandin E; (PGE, }induced stimulation of platelet adenylate cyclase ac-
tivity is significantly reduced by Li.

MATERIALS AND METHODS

About 35 ml of venous blood was obtained from fasting subjects at 8:30 a.m. and
placed in a plastic tube containing 0-5 mi of 150 mM EDTA as an anticoagulant.
Adenylate cyclase assays were performed immediately after obtaining the platelet
preparations. Subjects were drug-free for at least 2 weeks before blood was obtained.

For experiments in which adenylate cyclase activity was measured in platelet
membrane fragments, platelets were isolated and sonicated essentially as reported by
Wolfe and Shulman'? and Marquis et al.'® Before sonication, the platelet pellet con-
tained an average of 1 leukocyte per 20,000 platelets, as determined by light mi-
croscopy.!* The sonication procedure resulted in less than 1 per cent of the total
initial platelets remaining intact.

Adenylate cyclase activity of the platelet membrane fragments was estimated by
the method of Krishna et al.'®> The membrane fractions (0-05 ml) were incubated at
37° in a total volume of 0-10 ml with [**CJATP, 1 uCi or [*HJATP, 10 uCi; ATP,
25 mM; MgC(l,, 40 mM; Tris, 40 mM, pH 7-4. PGE; or cations were added as indi-
cated. The incubation was started by the addition of labeled ATP with carrier to the
other components and terminated after 15 min by the addition of 0-4 ml of 0-75 mM
carrier cyclic AMP, and boiling for 3 min. A boiled sample of platelet membrane
fragments was run with each assay as a control. All incubations were done in
duplicate.

When radioactive cyclic AMP synthesis by platelet membrane fragments was in-
vestigated, no phosphodiesterase (PDE) inhibitor was added to the reaction medium.
Preliminary experiments indicated that such an inhibitor was unnecessary: neither
basal enzyme activity nor PGE,-stimulated activity was altered significantly when
either caffeine (20 mM) or the phosphodiesterase stimulating agent imidazole (2 mM)
was added to the reaction medium. Such results are in keeping with the finding of
Marquis et al.'® and Song and Cheung!® that the bulk of platelet phosphodiesterase
activity is in the 100,000 g supernatant fluid following sonication.

As an index of adenylate cyclase activity in intact platelets, the pulse-labeling tech-
nique developed by Kuo and DeRenzo'” and by Shimizu et al.'® was used. Platelet-
rich plasma (PRP) was obtained by centrifuging whole blood at 200 ¢ for 15 min at
4°, The PRP was centrifuged again for 5 min to remove contaminating leukocytes.
To the PRP (~ 15 ml) was added 100 uCi [*H]adenine.

At this stage, if either Li or magnesium (Mg) was to be added directly to the plate-
lets, the PRP was immediately divided into aliquots. The aliquot which received
neither Li nor Mg, had Tris buffer added to it in a concentration which produced
an osmolarity equivalent to that in the aliquots containing Li or Mg.

The platelet suspensions were incubated in a Dubnoff metabolic shaker at 37°
After 60 min, the platelets were collected by centrifugation at 2500 g for 10 min at
4° and washed with an iso-osmotic Tris buffer solution of the following composition:
NaHCO;, 3-3mM; KCl, 2-5 mM; Na,HPO,, 0-4 mM; glucose, 50 mM; EDTA,
6:6 mM ; Tris, 35 mM, pH 74 at 37°; NaCl was added to this buffer solution such
that its final osmolarity was 280 mOsm. The platelets were collected again and resus-
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pended in the Tris buffer solution. Then 0-05 ml of the platelet suspension was added
to an incubation solution consisting of MgSO, (10 mM) and caffeine (10 mM) in Tris
buffer solution. The final volume of the reaction mixture was 0-10 ml. Drugs were
added as indicated. A boiled sample of the labeled platelets was run with each assay
as a control. Such control preparations were obtained from all aliquots of labeled
platelets, i.e. aliquots to which either Li or Mg was added as well as aliquots to which
Tris buffer was added. Incubation proceeded for 2 min at 37° and was terminated
by the addition of 0-40 ml of 0-75 mM cyclic AMP and boiling for 5 min. Preliminary
experiments showed that the PGE;-stimulated net synthesis of [*H]cyclic AMP was
maximal at 2 min.

The boiled mixture was centrifuged and the supernatant assayed for [*H]cyclic
AMP by the method of Krishna et al.!® Each incubation was performed in duplicate.
The purity of the radioactive cyclic AMP product was confirmed by ascending paper
chromatography. Results were calculated as the per cent conversion of total radioac-
tivity in each incubation tube into labeled cyclic AMP.

To determine the amount of cold ATP and [*H]JATP in the platelets after incuba-
tion with radioactive adenine, the following procedure was adopted. After incubation
of the PRP with [*H]adenine, the platelets were collected and washed as described
previously. The platelet pellet was suspended in 0-8 ml perchloric acid (PCA, 0-625 N)
and sonified twice for 15 sec each time. The sonicate was centrifuged for 10 min at
3500 g at 4° and an aliquot of the supernatant fluid was neutralized with a solution
of K,CO; (1:67 M)-triethanolamine (0-5 M, pH 7-0). The ATP concentration of an
aliquot of the neutralized solution was determined enzymatically, using phosphogly-
cerate kinase and glyceraldehyde-3-phosphate dehydrogenase.!®

To another aliquot of the neutralized platelet preparation was added carrier ATP
solution and the mixture was placed on a column (3 x 0-5 cm) of Dowex 1-X8 resin
(chloride form; 200400 mesh). ATP was eluted from the column with 5ml HCI
(025 N) as described by Garrahan and Glynn.?° Preliminary experiments showed
that adenine, adenosine, AMP, cyclic AMP and ADP were clearly separated from
ATP by this technique, being eluted by water or lower strength HCI solutions before
ATP. The radioactivity of a 0-5-ml aliquot of the 0-25 N HCl eluate was counted by
liquid scintillation spectrophotometry.

Protein concentrations were determined by the method of Lowry et al.!

Statistical evaluations were by Student’s or paired t-test?? or analysis of vari-
ance.?® Dose-response regression lines were calculated by the method of least
squares.24

RESULTS

In the initial experiments, varying concentrations of the chlorides of Li, as well
as of Na, K and Rb, were added in vitro to sonicated platelet preparations whose
adenylate cyclase activity was then measured. As the stimulatory effect of
1 x 107°M PGE, varied somewhat with each experiment (producing on the aver-
age a 7-fold increase in adenylate cyclase activity), results with the cations are
expressed as the percentage of maximal PGE,-induced stimulation in the absence
of any drugs. Basal enzyme activity was not affected by any of the cations at any
concentration used (2, 8, 16 or 64 mM); for example, in the presence of 64 mM Li,
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basal adenylate cyclase activity was 0-16 + 0-02 nmole/mg/10 min (mean + S.EM.)
vs 0-15 + 0-01 without Li (N = 4, P > (-3; paired t-test).

All the cations, however, in the presence of PGE, (1 x 107 M) lowered enzyme
activity as shown by the log dose—response lines, calculated by the method of least
squares (Fig. 1). To evaluate the statistical significance of these data, an analysis of
variance was performed. This was a mixed-type model with between-subjects (drugs)
and within-subject (dose and drug x dose) effects. All terms in the analysis of vari-
ance were significant (P < 0-001). The significant drug effect obtained in the analyses
indicates that the various cations had different overall inhibitory effects. Further-
more, as is evident in Fig. 1, increasing the concentrations of all the cations produced
greater inhibition that that observed at lower concentrations. Some of the dose-re-
sponse curves for the different cations were also different, as demonstrated by the sig-
nificant drug x dose term.

Both Li and K produced significantly greater inhibition of PGE,-stimulated
enzyme activity than did Rb at every dose (Student’s t-test, P < 0-02). In general, this
was true for Na as compared with Rb as well; only at a concentration of 16 mM
was the inhibition produced by Na and by Rb not significantly different. The inhibi-
tion produced by Li increased most sharply as the concentration was raised, so that
at 64 mM this ion produced significantly greater inhibition of PGE,;-stimulated
adenylate cyclase activity than that observed with any other cation (P < 0-001}.

It should be mentioned that the inhibition produced by these monovalent cations
on PGE,-stimulated adenylate cyclase is not the result of an ionic strength effect.
Addition of Tris buffer (pH 7-4) to the incubation medium to raise its final con-
centration to 104 mM (as compared to its normal concentration of 40 mM) caused
no effect on the stimulation of adenylate cyclase produced by PGE,.

As Na, K and Rb produced effects qualitatively similar to those of Li (if quantitat-
ively different)in the platelet membrane system, it was decided to evaluate the effects

100 '

[+
[=]
T

r.)
(=]
¥

ADENYL CYCLASE ACTIVITY
(% of 110"6 M PGE,~ STIMULATED ACTIVITY)
8 3
I ¥

N I SR N
2 4 6 8 1012 16 20 30 40 506070

CATION CONCENTRATION (mM}
LOG SCALE

FiG. 1. Inhibitory effect of Li, K, Na and Rb on PGE,-stimulated adenylate cyclase activity in platelet

sonicates. PGE, (1 x 10~°® M)-stimulated enzyme activity averaged 1-09 + 0-06 nmoles/mg/10 min, which

represents a 7-fold increase over basal values. The response to PGE, has been taken as 100 per cent. Each

point represents the mean of seven determinations. Regression lines were calculated by the method of
least squares. Li, { x ); K, (O); Na, (@): Rb. (l).
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FIG. 2. Inhibitory effect of Li, K and Rb on 2 x 10~3 M PGE;-stimulated production of [*H]cyclic AMP

in intact platelets. The average per cent conversion of [*H]nucleotides to [*H]cyclic AMP with PGE,

was 1-:30 £ 0-10, which represents a 32-fold increase over basal values. Response to PGE, has been taken

as 100 per cent. The cations were added during the labeling incubation with [*H]adenine. Each point

on the dose-response curve for Li represents the mean of five experiments; the Rb point represents the

mean of five experiments, and the K point the mean of four experiments. Bars around each mean show
the S.E.M. The regression line was calculated by the method of least squares.

of these cations on adenylate cyclase activity using intact platelets. One disadvantage
of such a system is that it yields a more indirect measure of adenylate cyclase activity
than the membrane fragment system, in which exogenous ATP is the substrate. How-
ever, in several different experimental situations, changes in the amount of radioac-
tive cyclic AMP produced were shown to reflect changes in the endogenous content
of the cyclic nucleotide.!”-!8 Furthermore, this system has the advantage of being
more physiological than the use of platelet membrane fragments, since the intact
platelets are incubated in a medium of high Na and low K concentration.

Of the three cations (Li, Rb and K) tested for their effects on the production of
radioactive cyclic AMP (Na was not tested as it was already present in the medium
in high concentration, ~ 100 mM), only Li inhibited significantly the increased
production of the labeled nucleotide produced by 2 x 1073 M PGE, (Fig. 2). In this
system, 1 mM Li inhibited the stimulatory effect of PGE; by 14 per cent (P < 0-02,
paired t-test) with higher concentrations of Li producing even greater inhibition. As
shown in Fig. 2, Rb and K were ineffective in this system.

In these experiments, the cations tested were added at the beginning of the 60-min
incubation with [*H]adenine, and were not present during the 2-min reaction. If the
cations were present only during the 2-min reaction, considerably less inhibition was
produced. For example, 6 mM Li added just to the reaction mixture and not to the
incubation with [3H]adenine produced only an 8 per cent decrease in the stimula-
tory effect of PGE, (compared with the 29 per cent inhibition shown in Fig. 2).

Itis unlikely that the inhibitory effect of Li on PGE,-stimulated adenylate cyclase
activity of intact platelets can be attributed to Li producing a diminshed uptake of
[*H]adenine by the platelets. There was a 2 per cent decrease in the uptake of
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[*HJadenine in the presence of 36 mM Li, which was statistically significant. How-
ever, 6 mM Li produced no significant alteration in [*HJadenine uptake, whereas
it did significantly inhibit the stimulatory effect of PGE, on radioactive cyclic AMP
production (Fig. 2). [*H]Adenine uptake in the presence of 6 mM Li was 646 + 0-6
per cent vs 64-0 + 04 per cent in the absence of Li (N = 8; P > 0-4).

Furthermore, as will be demonstrated, elevation of the magnesium concentration
during the incubation with [*HJadenine allowed for a greater than normal stimula-
tion of adenylate cyclase by PGE,. However, the uptake of [*HJadenine in the pres-
ence of a high concentration of magnesium (64-5 + 0-4 per cent) was not different
from that observed with a normal concentration of magnesium {63-8 + 0-4 per cent;
N =6,P>02)

It appears, then, that an effect of Li or Mg on the uptake of [*H]adenine cannot
be correlated with their subsequent effects on PGE;-stimulated accumulation of
radioactive cyclic AMP.

Most of the radioactivity in the platelets incubated with labeled adenine was
[PH]JATP. In four experiments, the percentage of total radioactivity present as
[PH]JATP was 74:6 + 1-2; when 36 mM Li was present during the incubation with
[3HJadenine, 759 + 19 per cent of the total radioactivity was [*HJATP (P > 0-3,
paired t-test). In these experiments, the total ATP content of the platelets was not
altered if Li was present during the labeling incubation such that the specific activity
of ATP in the platelets in the absence of Li was 814 4 66 mCi/m-mole and it was
82:4 4+ 7-3 mCi/m-mole when Li was present (P > 0-7, paired t-test). Thus, the inhibi-
tory effect of Li on the stimulation of [*H]cyclic AMP net synthesis produced by
PGE, is not due to the cation decreasing [*H]adenine uptake or decreasing the con-
version of [*H]adenine into [SHJATP.

It should be emphasized that whereas Li did inhibit the increased production of
[*H]cyclic AMP caused by PGE,, it was without effect on the basal net synthesis
of [*H]cyclic AMP. For example, the per cent conversion of [*H]nucleotides to
[3*H]cyclic AMP in the absence of Li was 0-04 + 0-01, whereas it was also 0-04 +
0-01 when 36 mM Li was added to the labeling incubation (N = 5, P > 09; paired
t-test). Similar results were obtained with 6 mM and with | mM Li, This lack of an
effect of Li on the basal net synthesis of [*H]cyclic AMP does not appear to be due
to the fact that the basal net synthesis of [ *H]cyclic AMP was so low that it could
not be reduced further since, in four experiments, NE (2 x 107° M) lowered
[3H]cyclic AMP production from 0-05 + 0-005 to 0-03 + 0-005 per cent (P < 0-02.
paired t-test).

This inhibitory effect of Li was compared with the known inhibitory effect of cate-
cholamines such as epinephrine or NE on PGE,-stimulated adenylate cyclase ac-
tivity.>>~27 In confirmation of these reports, NE was found to inhibit the enhanced
production of [*H]cyclic AMP produced by PGE, and this inhibition was reversed
by the alpha-adrenergic blocking agent, phentolamine (Fig. 3). Regardless of whether
it was present throughout the labeling incubation or the 2-min reaction or through-
out both, phentolamine had no effect on the inhibition produced by Li. nor did it
alter the production of labeled cyclic AMP in the absence of PGE, (Fig. 3).

If two activators compete for the same binding site of an enzyme, their effect when
combined at concentrations near their K,, of activation is approximately equal to
the arithmetic mean of their effects tested separately at twice this concentration.?®
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F1G. 3. Effect of phentolamine on the inhibition produced by NE (A) and by Li (B) on PGE,-induced
accumulation of [*H]cyclic AMP in intact platelets. The bars and brackets represent the mean and S.E.M.
respectively; the number of experiments is indicated in each bar. Drugs were used in the following con-
centrations: PGE,,2 x 107°M;Li, 36 mM; NE, 2 x 10~ % M; phentolamine, 2 x 10~* M. Li was added
during the incubation with [*H]Jadenine; the other drugs were added during the 2-min reaction. Asterisks
indicate values significantly different from the corresponding PGE, mean value (P < 0-01, paired :-test).

This is true for inhibitors as well. To compare further the inhibitory effects of Li and
NE, such experiments were done. The results are shown in Table 1. In these experi-
ments, PGE, produced more than a 40-fold stimulation in the production of
[*H]cyclic AMP. Either NE (4 x 10™° M) or Li (72 mM), tested separately, signifi-
cantly reduced the PGE, stimulation by about 60 per cent. When Li (36 mM) and
NE (2 x 10~* M) were added together. they produced about 75 per cent inhibition

TABLE 1. INHIBITORY EFFECT OF LITHIUM AND NE ON THE PGE,-INDUCED INCREASE IN [3H]cycLic AMP
PRODUCTION IN INTACT PLATELETS

pt
[*H]cyclic AMP (compared to PGE,

production with no
Pretreatment* Drug {5 conversion) pre-treatment)
None (7) None 005 + 0:01% < 0-001
None (7) PGE,§ 2:14 + 028
None (7) PGE, and NE! 091 + 011 < 0-001
Li (72 mM) (7) PGE, 0-83 + 0:04 < 0005
Li (36 mM) (7) PGE, and NE* 0-58 + 0-05 < 0-005

< 0:02**

* Indicates addition made only during incubation with [*HJadenine. Number in parentheses is the
number of observations.

1 Paired t-tests.

{ Mean + SEM.

§ PGE,,2 x 107*M.

+ NE, 4 x 107° M.

INE, 2 x 107° M.
** Compared to cither PGE, with4 x 10°° M NE or PGE, with 72 mM lithium.
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TABLE 2. EFFECT OF MAGNESIUM AND LITHIUM ON PGE-STIMULATED PRODUCTION OF RADIOACTIVE CYCLIC

AMP
Py
[*H]cyclic AMP (compared to PGE,
production with no

Pretreatment* Drug (% conversion) pre-treatment)
None (6) None 0-12 4+ 0-02% < 0-001
Mg (6 mM) (6) None 0-13 + 002 < 0-001
None (6) PGE,§ 294 + 036
Li (6 mM) (6) PGE, 223 + 017 < 002
Mg (6 mM) (6) PGE, 360 + 0-46 . < 001
Li (6 mM) PGE, 327 + 040 < 001

+Mg (6 mM) (6) < 002

* Indicates addition made only during incubation with [*H]adenine. Number in parentheses is the
number of observations.

+ Paired t-test.

t Mean + SEM.

§ PGE,,2 x 107° M.

| Compared to PGE; stimulation with 6 mM Mg.

of the PGE, effect, which was significantly greater than the inhibition produced by
either drug tested alone at twice the concentration (P < 0-02 in both cases). These
results, as well as those obtained with phentolamine, suggest that Li and NE act at
separate sites.

It was of interest to determine whether the inhibitory effect of Li on PGE,-stimu-
lated activity could be influenced by changing the components of the medium in
which the platelets were labeled. To test this, the Mg concentration of the labeling
medium was elevated, since comparison of the physical properties of the lithium ion
and the magnesium ion suggests the possibility of an interaction between them.
When the concentration of Mg in the labeling incubation was raised by 6 mM., the
basal production of [*H]cyclic AMP was not altered but the stimulatory effect of
PGE, was significantly enhanced (Table 2). Li (6 mM) produced its usual degree of
inhibition in the normal Mg medium. In the presence of additional Mg, Li still pro-
duced a significant inhibition of the PGE, stimulation, but the magnitude of this in-
hibition was reduced. In other words, Li (6 mM) reduced the stimulatory effect of
PGE, by 22 per cent when Mg was not added to the labeling incubation, but by
only 8 per cent when the Mg concentration was elevated (Table 2). This Mg-pro-
duced decrease in the per cent inhibition seen with Li was significant (P < 0-02,
paired ttest). In this system, then, elevation of the Mg concentration had two
effects—it increased the stimulatory effect of PGE; and it reduced the inhibitory
effect of Li on PGE;,-induced stimulation.

DISCUSSION
Since the classic observations of Sutherland and Rall*® on cyclic AMP metabo-
lism, distribution and function, it has been established that cyclic AMP serves as an
intracellular messenger in many biological systems. Recent evidence indicates that
the cyclic nucleotide is important in platelet function.?® Substances that inhibit plate-
let aggregation produce an increase in cyclic AMP, whereas agents that cause platelet
clumping result in a decrease.
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For example, PGE,, an extremely potent inhibitor of platelet aggregation®! 32 in-
creases platelet cyclic AMP concentration?*3 by stimulating adenylate cyc-
lase.12:13:27:3% In contrast, epinephrine and NE, which induce platelet aggrega-
tion,3%+36 have been reported to lower basal levels of platelet cyclic AMP?” and cer-
tainly depress the increased formation of cyclic AMP produced by PGE,.>*~*7 This
antagonism by catecholamines toward the stimulatory effect of PGE; on platelet
cyclic AMP concentration can be prevented by alpha-adrenergic blocking agents
such as phentolamine.?>—27

Data presented here confirm these observations on the interaction of PGE, and
NE in the regulation of platelet adenylate cyclase activity. In addition, it was shown
that Li antagonizes the stimulatory effect of PGE, on both adenylate cyclase activity
of platelet sonicates and on the production of [*H]cyclic AMP from [*H]nucleotides
in intact platelets. Li produces this effect at a site distinct from that at which NE
acts, since the inhibitory effect of Li was not blocked by phentolamine as was the
effect of NE.

Also, the degree of inhibition produced by Li appears to be time-dependent, since
considerably more inhibition was observed when the platelets were in contact with
Li for 60 min as compared to being in contact with the cation for only 2 min. The
lesser amount of inhibition seen during the short incubation with Li may be due to
the fact that the cation is not incorporated into the membrane properly during the
2-min period.

These data extend the numerous reports that Li inhibits hormone activation of
adenylate cyclase in various tissues in animals.”~*! Inhibition of hormone-stimulated
adenylate cyclase by Li appears to be involved in several effects of this drug in
humans as well. For example, the polyuria which can occur as a side effect of Li*8-*°
appears to result from its antagonizing the renal effects of ADH***! by, perhaps,
inhibiting the response of adenylate cyclase to ADH.® Similarly, the anti-thyroid
effects of Li observed in psychiatric patients receiving the drug,*?** and which are
sufficiently potent to suggest its use clinically in thyrotoxicosis,****> may result, in
part, from lithium inhibiting the stimulatory effect of TSH on thyroid adenylate cyc-
lase® ' in addition to its other inhibitory effects on thyroid hormone release.*¢-4’
Whether the pharmacological effect of Li on platelet adenylate cyclase observed in
the present report has similar functional significance, namely antagonizing the in-
hibitory effect of PGE, on platelet aggregation, has yet to be investigated.

Not only Li, but Na, K and Rb as well, inhibited PGE, stimulation of adenylate
cyclase in platelet sonicates. That this was not a non specific ionic effect is suggested
by the following: (1) the different monovalent cations produced different degrees of
inhibition; and (2) raising the ionic strength by addition of Tris to the reaction
medium had no effect on the stimulation due to PGE,.

Although the monovalent cations tested produced qualitatively similar effects on
PGE, stimulation of platelet adenylate cyclase, the divalent cations, Mg and calcium
(Ca), appear to produce opposite effects on PGE,-stimulated activity in platelets. In
contrast to what we observed upon raising the Mg concentration, Ca at an elevated
concentration in the medium inhibits the stimulatory effect of PGE; on platelet
adenylate cyclase.*® Also, the TSH-induced increase in enzyme activity in sheep thy-
roid homogenates is inhibited by Ca.!® Lithium has effects similar to those of Ca
in these tissues.
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In the present report, we did not examine whether the inhibitory effect of Li
resulted from some interaction with Ca, as has been shown in other systems.*?+3°
We did observe, however, that raising the Mg concentration during the incubation
with [*HJadenine antagonized the inhibitory effect of Li, in addition to enhancing
the stimulation produced by PGE;. These effects of Mg occurred without its produc-
ing any change in the basal per cent conversion of [*H]nucleotides to [*H]cyclic
AMP. In many tissues, basal adenylate cyclase activity of homogenates is increased
in the presence of high concentrations of Mg.8:31-32 This has been attributed to its
increasing the affinity of adenylate cyclase for ATP through its activation of the
enzyme at a site different from the substrate binding site.?>?

The antagonism of the inhibitory effect of Li by Mg suggests that Li might com-
pete with Mg for this secondary site on the enzyme. The stimulatory effect of both
fluoride and ACTH on adipose cell adenyl cyclase has been attributed to these agents
increasing the affinity of the enzyme for Mg.® If the stimulatory effect of PGE; on
the platelet enzyme is due to the same mechanism, and the enhanced stimulation pro-
duced by PGE, in the presence of high concentrations of Mg is suggestive in this
regard, then a competition between Li and Mg might account for the present results.
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