
RF = 0.73; unknown, RF= 0.73). In 
the second dimension, 1-butanol, satu- 
rated with water and ammonia (100: 
1, by volume), gave RF values of 0.60 
and 0.58 for the thymine standard and 
unknown compound, respectively. A 
chloroform, acetic acid (95: 5, by 
volume) solvent system was used in 
the polyamide thin-layer chromatog- 
raphy. Both the unknown compound 
and thymine had RF values of 0.60 in 
this system. The unknown was eluted 
from chromatograms with distilled wa- 
ter. In control experiments, uracil and 

paraformaldehyde, or paraformalde- 
hyde and hydrazine, or uracil and hy- 
drazine, under identical conditions gave 
negative results. These experiments ex- 
cluded the possibility of contamination 
giving rise to thymine. Apart from the 
evidence obtained from chromatograph- 
ic procedures, the unknown compound 
was also identified as thymine by its 
ultraviolet adsorption spectra at three 
different pH's-2, 10, and 12 (Fig. 1). 
An inspection of the ultraviolet spectra 
of uracil, 5-hydroxymethyluracil, and 
thymine at pH 10 will indicate the 
value of recording the spectrum of the 
unknown compound at this pH. Con- 
clusive evidence was obtained by mass 
spectral analysis of the isolated, pure 
compound. The analysis shows a molec- 
ular ion of mass number 126 with 
three major fragmentation ions of 
mass numbers 83, 55, and 28. Thymine 
under the same conditions yielded a 
molecular ion of 126 and an identical 
fragmentation pattern. Molecular ions 
are observed for pyrimidines, and the 
fragmentation pattern is dependent on 
the nature of the substituents and their 
positions on the pyrimidine ring (13). 
This excludes the possibility that the 
unknown compound is an isomer of 
thymine. 

The above experiments were carried 
out in air. To exclude the possibility 
that oxygen was involved in the reac- 
tion, a reaction was carried out in a 
solution purged with nitrogen prior to 
the addition of hydrazine. The reac- 
tion vessel was tightly stoppered, and 
the solution was heated for 3 days as 
usual. However, during the isolation 
of the unknown compound, air was not 
excluded. Thymine was isolated as in 
previous experiments. 

The yield of thymine in this reaction 
was found to be 0.1 percent, as deter- 
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The yield of thymine in this reaction 
was found to be 0.1 percent, as deter- 
mined by the isotope dilution method. 
This yield is low but is in accord with 
other prebiotic syntheses. Or6 and 
Kimball (14) obtained a 0.5 percent 
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yield for adenine from an 11.1M solu- 
tion of ammonium cyanide. The yields 
obtained for uracil in the condensa- 
tion of P-aminopropionamide with urea 
in ammoniacal solutions at 135?C were 
also less than 1 percent (2). Sanchez 
et al. (3) obtained 5 percent yields of 
cytosine by heating cyanoacetylene with 
potassium cyanate in an aqueous solu- 
tion at 100?C for 1 day. Fox and 
Harada reported yields of more than 
10 percent in their synthesis of uracil 
(1). 

This abiotic formation of thymine, 
subject to confirmation, completes the 
list of nucleic acid bases synthesized 
under prebiotic conditions. Of interest 
is the similarity of this particular abiotic 
synthesis to the normal biological path- 
way (8). 
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in limiting calcium concentrations. 

While it has long been recognized 
that calcium is required during the 
steroidogenic action of adrenocortico- 
tropin (ACTH) (1, 2), the role of cal- 
cium is obscure. Adenosine 3',5'-cyclo- 
phosphate (cyclic AMP) apparently 
mediates the ACTH effect on steroid- 
ogenesis (3), and Lefkowitz et al. (4) 
have found a requirement for calcium 
in the activation of adenyl cyclase by 
ACTH; but, in addition, calcium must 
act after generation of cyclic AMP, 
since the steroidogenic action of the 
latter also requires calcium (5). I have 
observed a marked effect of calcium 
on adrenal protein synthesis (6), and 
this effect may largely explain the cal- 
cium requirement during stimulation 
of steroidogenesis, since the latter is 
known to require continued protein 
synthesis (7). 

In addition to steroidogenesis, ACTH 
controls various metabolic processes in 
the adrenal cortex, including, and per- 
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haps most fundamentally, adrenal 
growth. The mechanism or mechanisms 
whereby ACTH controls adrenal growth 
is not well understood. Administration 
of ACTH leads to increased protein 
synthesis in cell-free preparations of the 
rat adrenal, and this is due to increased 
activity in the supernatant after cen- 
trifugation at 105,000g (105,000g su- 

pernatant) (8) and in the microsomes 
(9). The increase in supernatant activ- 
ity precedes the increase in microsomal 
activity (10) and is due to a macro- 
molecular factor which enhances the 
transfer of amino acid from the amino- 
acyl-transfer RNA (tRNA) complex 
to protein (8) and appears to be iden- 
tified with the so-called "transfer en- 
zymes" (11). The mechanism whereby 
ACTH increases transfer enzyme ac- 
tivity is unknown. 

In accord with the hypothesis that 
cyclic AMP is an intracellular "second 
messenger" for ACTH (3), Ney (12) 
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Calcium as a Mediator of Adrenocorticotrophic Hormone Action 
on Adrenal Protein Synthesis 

Abstract. Calcium stimulates leucine incorporation into protein during incuba- 
tions of sections and cell-free preparations of the rat adrenal. Like adrenocortico- 
trophic hormone (ACTH) action, calcium enhances the transfer of amino acid 
from transfer RNA to protein. Stimulation of leucine incorporation by ACTH 
and cyclic adenosine monophosphate is best observed when sections are incubated 
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has shown that cyclic AMP mimics 
ACTH -in partially preventing adrenal 

atrophy after hypophysectomy. How- 
ever, further evidence that cyclic AMP 

may be the mediator of the ACTH 
effect on adrenal growth is lacking 
[cyclic AMP does not directly stimulate 
either amino acid incorporation into 
protein or nucleotide incorporation 
into RNA in cell-free preparations of 
the rat adrenal (13)]. Indeed, it has 
been difficult to study early effects of 
ACTH and cyclic AMP on adrenal 
growth, since with in vitro systems, 
such as the commonly used rat adrenal 
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Fig. 2. Effects of calcium on incorporation of ['H]leucir 
tions of cell-free preparations of the rat adrenal. Each i 
total volume of 0.55 ml: 15,000g supernatant from 20 
(containing approximately 1.7 mg of protein and 12 ,ug c 
leucine; 0.5 /mole of ATP; 0.125 umole of GTP; 5 uLm 
lig of phosphoenolpyruvate kinase; 0.213M sucrose; 0.0( 
0.043M tris buffer, pH 7.5. Comparable results were obt 
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Iffects of calcium on incorpora- protein have been described previously 
[3H]leucine into protein of rat (14), the only exception being that the 
ections. The sections were first washed protein residues were dissolved 
for 60 minutes in 2 ml of cal- . . . 
KRB (with 8 mM glucose and in 1N sodium hydroxide and portions 

aminoglutethimide, final con- thereof were taken for protein deter- 
s) and 0.5 ml of saline con- mination and measurement of radio- 
or 1 mM CaC12 (final concen- activity by combining with Instagel 
The medium was replaced by (Packard; efficiency for tritium was ap- lium and [3H]leucine (1 uc) was 
d the mixtures were then incu- proximately 23 percent). Synthetic 
the indicated time. 81-24-ACTH (Organon) and cyclic 

AMP (Schwarz BioResearch) were in 
the incubations of sections, and amino- 

ystem, these substances have glutethimide (Sterling-Winthrop) was 
io effect on protein and RNA present in the media (7.6 X 10-4M) to 
(14). prevent accumulation of corticosteroids 

report that (i) calcium stimu- and consequent inhibition of leucine in- 
no acid incorporation into pro- corporation (14). 
t adrenal sections; (ii) calcium The conditions for incubation of cell- 
ie induced effect of ACTH by free preparations of the rat adrenal 
stimulating the transfer step have also been described (8), modified 
ve) of protein synthesis in only by substituting [4,5-3H]leucine 
:ell-free systems; and (iii) it (Amersham/Searle, specific activity - 

le to demonstrate consistent 1 c/mmole) for [14C]glycine during 
ry effects of both ACTH and the incubation, and by using the above- 
4P on protein synthesis in rat mentioned technique for measuring 
ections by controlling the cal- radioactivity in protein. The incorpora- 
centration in the medium. My tion of amino acid into the RNA ex- 
iggest that calcium mediates tract [that soluble in hot 5 percent tri- 
H effect on adrenal protein chloroacetic acid (TCA) after the cold 
and this supports the hypoth- TCA-precipitable material was heated 

Rasmussen (15) that cyclic for 15 minutes at 90?C] was used to 
itrols intracellular metabolism assess the formation of the aminoacyl- 
ting calcium flux. transfer RNA complex in the cell-free 
nditions for incubation of rat system, and when unlabeled amino 
ections and measurement of acid (8) was added and the incorpora- 
tion of [4,5-3H]leucine into tion of isotope was halted, the radio- 

activity in the RNA extract was as- 
sociated with a rapidly turning-over 

RNA intermediate in protein synthesis. The 
RNA extract was examined for RNA 

Ca 2+ 10-5M content (8) and for radioactivity by Ca 105M 
combining with Instagel. 

--ao9 \ As shown in Fig. 1, when adrenal 
I \ii-) -- . _ \ sections were incubated in Krebs- 
I \ --'"\ - Ringer bicarbonate buffer (KRB) con- 

i+ taining 1 mM calcium or none at all, 
N~o ~Ca there was a marked stimulatory effect 

of calcium on incorporation of [4,5-3H]- 
leucine into protein. The marked in- 

ff~~~I ~hibition of amino acid incorporation 
[~~~~I ~due to the absence of calcium was fully 
[~~~~I ~reversible, and could not simply be ex- 

plained by a generalized depression of 

[j{~~ ~~cellular metabolism, since incorporation 
I of [6-'4C]orotic acid into RNA (which 

also requires energy) was significantly 
0 20 40 60 stimulated when calcium was absent 

(16). 
'min) In experiments on the ionic require- 
ae into protein and RNA frac- ments for ACTH action, Peron and 
incubation tube contained, in a Koritz (2) also noted that calcium pro- 

mg of control adrenal tissue moted glycine incorporation into pro- 

l)f 
RNA-riose); 0.5 

lac 
of ['H]- 

tein, but at that time it was not realized )le of phosphoenolpyruvate; 25 
)6M MgC12; 0.021M KC1; and that protein synthesis is required dur- 
ained in duplicate experiments. ing the steroidogenic action of ACTH 
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and the relation of calcium to adrenal 

protein synthesis was not pursued. In 
experiments (16) in which steroidogen- 
esis was not blocked by aminoglutethi- 
mide, the degree of inhibition of ster- 
oidogenesis induced by ACTH or 
cyclic AMP correlated well with the 
degree of inhibition of amino acid in- 
corporation because of deleting or lim- 
iting calcium, and this suggested that 
the calcium requirement during ster- 
oidogenesis is largely explained by ef- 
fects of the ion on protein synthesis. 

As shown in Fig. 2, in the cell-free 
system calcium directly stimulated leu- 
cine incorporation into protein [peak 
effects were usually observed on adding 
10-5M CaC12 (16)], but had no effect 
on incorporation of leucine into the 
RNA fraction. Since the latter assesses 
the first two steps in protein synthesis, 
that is, amino acid activation and for- 
mation of the aminoacyl-tRNA complex 
(8), it would appear that calcium stim- 
ulates a subsequent step or steps in pro- 
tein synthesis. In other experiments (16), 
calcium indeed enhanced the transfer 
of leucine from leucyl-tRNA to protein, 
and this was apparent if the 105,000g 
supernatant was obtained from control, 

but not ACTH-stimulated, rat adrenals. 
Thus, calcium, like ACTH, stimulates 
the transfer of amino acid from amino- 
acyl-tRNA to protein, and, moreover, 
this effect is apparent only if the trans- 
fer enzymes are not already maximally 
stimulated by ACTH. This suggests 
that calcium mediates the ACTH effect 
on transfer enzymes, and this is sup- 
ported by other experiments (16) in 
which a calcium chelator (EGTA) was 
found to obliterate the difference in ac- 
tivity between supernatants from con- 
trol and ACTH-stimulated adrenals. 

Since these results suggested a role 
for calcium in the stimulation of adre- 
nal protein synthesis by ACTH, it was 
of interest to return to incubations of 
rat adrenal sections. As mentioned 
above, it had not been possible to ob- 
serve consistent stimulatory effects of 
ACTH or cyclic AMP on amino acid 
incorporation in this system. However, 
calcium was usually present in "exces- 
sive" or supraphysiological concentra- 
tions, 2 to 2.5 mM, and this may have 
masked hormonal effects if these re- 
volved around calcium uptake. To by- 
pass this problem and magnify calcium- 
dependent effects, adrenals were first 

depleted of calcium by incubation in 
calcium-free KRB, and then incubated 
in KRB containing 1 mM calcium. As 
shown in Fig. 3, and in (14), when 
adrenals were first incubated in KRB 
and then incubated in KRB with "ex- 
cessive" (2.2mM) calcium, there was 
no consistent effect of ACTH on amino 
acid incorporation into protein. How- 
ever, when calcium was "limiting" (as 
described above), regular stimulatory 
effects of ACTH were observed. Cyclic 
AMP significantly stimulated leucine 
incorporation under conditions of "lim- 
iting" calcium, and this contrasts with 
the relatively small (virtually inconse- 
quential) effect noted when calcium 
was present in "excessive" concentra- 
tions (14). This stimulatory effect of 
cyclic AMP, furthermore, required at 
least some calcium because, when cal- 
cium was deleted from both the first 
and second incubations, leucine incor- 
poration decreased and the stimulatory 
effect of cyclic AMP was no longer 
apparent (Fig. 4). 

The results suggest that calcium di- 
rectly stimulates adrenal protein syn- 
thesis by enhancing the transfer of 
amino acid from aminoacyl-tRNA to 
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Fig. 3. Effects of "excessive" and "limiting" calcium concentrations on incorporation of 
[3H]leucine into protein of rat adrenal sections. Incubation conditions were the same 
as described in Fig. 1, except that the cells were incubated in medium alone (Initial) 
for 60 minutes, and with fresh medium and isotope (Isotope) for 120 minutes at the 
calcium concentrations indicated; ACTH (25 ug) and cyclic AMP (5 mM) were pres- 
ent only during the incubation. The bars denote the mean values, and the points cor- 
responding to control and stimulated values of each experiment are connected by lines. 
P was determined by t-test evaluation of the mean difference (paired data analysis). 
The experiments shown on the left (control compared to ACTH with "excessive" cal- 
cium) were conducted in parallel with the experiments shown at center (control versus 
ACTH with "limiting" calcium), so that in each experiment adrenal sections (quarters) 
from the same tissues (eight adrenals) were evenly distributed to flasks of all four experi- 
mental groups. In each experiment of the group shown on the right, adrenal sections 
(quarters) from four adrenals were evenly distributed to two flasks (control compared 
to cyclic AMP). All flasks had a total of eight adrenal sections. 
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Fig. 4. Dependence of cyclic AMP-in- 
duced stimulation of ['H]leucine incor- 
poration on the presence of calcium. 
Adrenal sections (quarters) from eight 
rats were evenly distributed to eight incu- 
bation flasks (eight sections per flask), in- 
cubated without isotope for 60 minutes 
and then with isotope for 120 minutes 
in calcium-free KRB and saline containing 
calcium in the indicated final concentra- 
tions. Other experimental conditions are 
described in Figs. 1 and 3. Bars and 
brackets denote mean values and varia- 
tions of duplicate flasks, respectively. 
Comparable results were observed in re- 
peat experiments. 
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protein, and, since ACTH increases the 
adrenal uptake of 45Ca (17), calcium 

may be responsible for the activation 
of the transfer enzymes by ACTH. 
Conceivably, this may be the initial or 
early step whereby ACTH stimulates 
adrenal growth, since the early in vitro 
effect of ACTH on leucine incorpora- 
tion in rat adrenal sections appears to 

depend upon calcium. Since cyclic 
AMP (exogenous) also has calcium- 
dependent stimulatory effects on adre- 
nal protein synthesis, it is possible that 
this nucleotide is ultimately responsible 
for the calcium-mediated stimulation 
of adrenal protein synthesis by ACTH. 
However, attempts to show that cyclic 
AMP enhances 45Ca uptake by the 
adrenal have not been successful (17). 

While the above findings suggest that 
calcium may (at least partly) mediate 
the effect of ACTH on adrenal growth, 
it should not be construed that calcium 
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nucleus. 

Administration of melanophore stim- 
ulating hormone (/-MSH) to patients 
with Parkinsonism darkened their skins 
and aggravated their tremor (1). The 
assumption was pursued that the dark- 
ening skin deprived the brain of neuro- 
transmitters by sequestering their pre- 
cursors (2). This led to control of Park- 
insonism first with D,L- (1) and there- 
after with L-dopa (3). We were much 
less impressed by therapy with an 
antagonist of ,/-MSH, melatonin (4). 

At the peak of therapy with dopa, 
abnormal movements emerged (1, 3). 
These have been thought of [see (4)] 
as perhaps related to the diminution of 
cerebral serotonin by L-dopa (5). In 
turn, the concentration of serotonin in 
the brain was increased by administer- 
ing melatonin (6). 

The present experiments are not 
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require calcium to maintain optimum 
protein synthesis, but calcium itself 
does not appear to be the inducing 
factor. 

ROBERT V. FARESE 
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St. Louis University School of Medicine, 
St. Louis, Missouri 63104 
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aimed specifically at treatment, but 
rather they serve to (i) illustrate a radi- 
cal alteration of the effects of L-dopa 
by melatonin and (ii) settle, perhaps, 
some notions about treating Parkinson- 
ism. 

More than 500 intact male Swiss al- 
bino mice of the Hale-Stoner strain 
were tested. Under specified conditions 
(7), these mice developed abnormal 
movements from L-dopa (Nutritional 
Biochemicals Corp.), whereas those of 
another strain were highly resistant (7). 
In addition, 300 Hale-Stoner mice were 
included after partial suction of the 
right caudate nucleus. [The operations 
and the pretesting were performed ac- 
cording to Lotti (8)]. Immediately after 
operation, these lanimals turned their 
heads (and often their bodies and tails) 
to the right and retracted their limbs 
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on the right under their bodies while 

extending those on the left (9). Over the 
next 10 days, they gradually resumed 
mobilities and postures similar to intact 
mice. Thereafter, apomorphine (Merck 
& Co.) given intraperitoneally (2 jug 
per gram of body weight) reproduced 
the adventitious turning and most of 
the other signs observed postoperatively. 
Animals previously tested with apo- 
morphine were included in further ex- 

perimentation a week later. 
For the further experimentation, non- 

lethal doses were selected. The LD50 
(lethal dose, 50 percent effective) of the 

orally administered melatonin (Sigma 
Chemical Co.; Regis Chemical Co.) 
was shown by probit analysis ,to be 

roughly 2.4 mg/g after 24 hours. The 
LD50 of melatonin given intraperitone- 
ally was approximately 1 mg/g. Intra- 

peritoneal injections of this hormone 
(0.4 to 0.8 mg/g) drastically diminished 
the mortality from oral doses of L-dopa 
[3 mg/g (7)], whereas orally adminis- 
tered melatonin failed to do so. 

In intact mice, oral L-dopa (3.0 
mg/g) induced the adventitious move- 
ments discussed earlier (7). Administra- 
tion of melatonin (0.4 to 0.8 mg/g in- 

traperitoneally or 1.0 to 2.5 mg/g 
orally), either together with L-dopa or 
30 minutes prior to it, blocked the hy- 
permobility while lessening piloerection 
and salivation (7). The duration of these 
effects appeared dependent upon the 
dose of melatonin. In the operated ani- 
mals, furthermore, special combinations 
of melatonin with L-dopa induced the 
additional phenomenon discussed be- 
low. This is partially illustrated in 
Fig. 1. 

Given alone to operated mice, L-dopa 
(0.2 to 0.6 mg/g) duplicated the turn- 
ing to the right and often the other 
signs evoked by apomorphine, although 
L-dopa induced more hypermobility 
again (7). The apomorphine-like signs 
of L-dopa could be reversed by combi- 
nations with melatonin given either 
orally (each 1.0 mg/g) or intraperi- 
toneally (each 0.4 mg/g). These combi- 
nations changed the effects of L-dopa. 
Instead of merely turning to the side 
of the lesion, the animals turned to the 
left and ran in that direction for 1/2 
hour or longer. These specific combi- 
nations seemed critical to the evolution 
of the full phenomenon, but mere turn- 

ing to the right could be blocked by 
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ing to the right could be blocked by 
other combinations of dopa with mela- 
tonin (Table 1), as was the case with the 
adventitious movements of intact mice. 

In man, administration of L-dopa 
has markedly increased the excretion 
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Melatonin and Abnormal Movements Induced by 

L-Dopa in Mice 

Abstract. Melatonin has blocked adventitious movements induced by L-dopa in 
intact mice. It has reversed the adventitious turning to the right, and it has induced 
running to the left in mice receiving L-dopa after a lesion in the right caudate 
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