better leap year rule for our present Gre-
gorian rule, which is neither simple nor
as accurate as it should be. Our present
rule makes the average year 365 97 /400
days. The actual tropical year is shorter
than this, and it is growing steadily
shorter by a long-term slow change. The
most accurate simple leap year rule just
now would be the following: a leap year
every 4th year unless the year number is
divisible by 128 (this gives an average
year that was a perfect fit in 1910). To
keep in step for thousands of years ahead,
we would prefer a simpler rule giving us
a leap year every fourth year unless the
year number is divisible by 120. With this
rule, there would be no appreciable drift
over the next 8000 years. Indeed, the
maximum drift up to the year a.p. 10,000
would be scarcely more than the range
of drift that is inescapable within any
4-year cycle according to any kind what-
ever of leap year rule. By comparison, the
continued use of our Gregorian leap year
rule would shift the calendar more than
a week by A.p. 10,000. Besides, the im-
proved rule—every 4th year a leap year
unless the year number is divisible by 120
—would be easier to remember and easier
to apply. Having once gotten our calen-
dar into step with the astronomical tropi-
_cal year, this rule would keep us in step
for a very long time to come.

GeorcE W. WALKER
Walden Presbyterian Church
2065 Bailey Avenue, Buffalo, New York
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Effect of Exgot Drugs
on Betta splendens

It has been reported in a previous com-
munication (1) that the Siamese fighting
fish, Betta splendens, responds to low
concentrations of d-lysergic acid diethyl-
amide (LSD-25) with a quiescent state
that is typified by at least nine easily ob-
servable changes in the vegetative, motor,
and behavioral characteristics of the fish.
This communication summarizes an at-
tempt to determine which, if any, of these
nine changes are, indeed, specific for this
drug (2).

The method employed consisted of ex-
posing groups of three fish to equimolecu-
lar solutions of LSD-25 and of eight other
ergot derivatives that included two opti-
cal isomers of LSD-25 (I-LSD-25 and
d-isoLSD-25), a monobromo derivative
of LSD-25 (BOL-148), d-lysergic acid,
d-lysergic acid ethylamide (LAE-32),
ergotamine, dihydroergotamine, and er-
gonovine. Mescaline and meperidine hy-
drochloride (Demerol) were also tested.
The fish were observed continuously over
a period of 4 hours; after this they were
washed, transferred to fresh spring water,
and observed at longer intervals.
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Table 1. Response of Betta splendens to ergot drugs, mescaline, and Demerol.

d-Iso- d-Ly- Dihydro-
Response Lg?‘ l'L255D’ LSD- Bg;‘" LAE- g gic Ergono- Ergo- “p o, Mesca- Dem-
25 acid Vvine tamine " oo o line erol
Backward movement
with pectoral fins X X X
Atypi-
cal,
usually
Atypi- at
Head up at surface X cal bottom x
Cartesian diver
(vertical) X Rare x
Barrel-roll (vertical) x Rare  Rare
Body kinking x Rare Rare
Quiescent state x X x
Slow deliberate
movements X X X X X
Lateral display X X X x X X X b3 X
Darkened pigment X X X X

Experiments were performed at con-
centrations varying from 5 x 1077M (ap-
proximately 0.2 ug of LSD-25 per milli-
liter) to 5x 1075M for the ergot drugs.
LSD-25 was active over the complete
range. Mescaline and Demerol were com-
pletely inactive at this level and were run
at concentrations of 2.5 mg/ml and 0.6
mg/ml, respectively, the highest levels of
these drugs that are not rapidly lethal.
Table 1 reports the results of an experi-
ment at the 5x 1075M level. It can be
seen that, even at relatively high concen-
trations, the first five criteria—which
seem to define a syndrome of loss of
control of the musculature of the trunk
that is possibly accompanied by a de-
rangement of hydrostatic bladder func-
tion and the quiescent state—are suffi-
cient to differentiate LSD-25 from the
other drugs in the table. Both LAE-32
and BOL-148 resemble LSD-25 rela-
tively closely, but both rarely induce the
spastic kinking produced by LSD-25 that
causes the fish to look like commas when
they are viewed from the side and often
like letter s’s when they are viewed from
above. Neither do LAE-32 and BOL-148
cause the fish to assume an almost verti-
cal position near the surface of the water
for long periods of time. The symptoms
induced by LAE-32 appear later than
those induced by either BOL-148 or
LSD-25. Fish exposed to BOL-148 in
concentrations above 5 pg/ml often die;
concentrations of the order of 0.5 ng/ml
show no effect beside an increase in pig-
mentation and a decrease in activity.
Since the induction of the torpor varies
inversely with the dosage and may take
an hour to develop at dosages of the order
of 1 pg/ml, there is a possibility of mis-
taking the BOL-148 reaction for a re-
sponse to LSD-25 at this concentration
if the fish are not observed long enough.

As previously stated, the fish may be-
come essentially quiescent for days. Arou-
sal occurs at the slightest stimulus but is
followed by an immediate return to rela-
tive inactivity. During the period of en-
trance into the quiescent state and during
the period of emergence therefrom, the

fish have been observed to show their
typical rage reaction to other fish. The
rage reaction lasts only a few seconds, but
the full expansion of dorsal, ventral, and
(in the case of LSD-25) pelvic fins fre-
quently occurs even though the fish are
otherwise essentially quiescent.

The specific effect on B. splendens of
the diethyl amide group of LSD-25 is
therefore vulnerable to changes in either
spatial or chemical variations in the
structure of LSD-25. Similarly, in man
only LSD-25 shows its special effects (3).
However, the action on brain metabolism
as measured by oxygen consumption does
not depend on this spatial specificity but
on the chemical structure (4).

L. T. Evans
L. H. GeroNIMUS
C. KorRNETSKY
H. A. ABraMSON
Biological Laboratory,
Cold Spring Harbor, New York
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Formation of Radioactive
Protein-Bound Monoiodotyrosine
by Stored Thyroid Slices

During the course of our investigations
of thyroidal iodine metabolism, the obser-
vation was made that cattle thyroid slices
or lobes that have been stored in the
refrigerator (or deep-freeze unit) for 24
hours or more retain much of their ability
to form protein-bound I*3* from jodide-
1131 present in the Krebs-Ringer bicar-
bonate buffer incubation medium. We
have now investigated the I'31 metabo-
lism of stored thyroid slices (/) in some
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detail and find that, in contrast with sur-
viving (fresh) thyroid slices (2), stored
thyroid loses ability to (i) form diiodoty-
rosine, (ii) synthesize thyroxin, and (iii)
concentrate iodide from the incubation
medium. Stored thyroid slices, however,
do retain an ability to form protein-
bound monoiodotyrosine and are consid-
erably more productive in this respect
than the copper-fortified thyroid homog-
enates that have recently been shown to
be capable of producing monoiodotyro-
sine (3, 4).

The afore-mentioned deficiency of
stored thyroid slices with respect to the
ability to concentrate inorganic 113! was
demonstrated when stored slices were in-
cubated in media containing thiouracil,
sodium p-aminosalicylate (PAS), or
Tapazole—all of which inhibit organic
binding of iodine in the thyroid. The
data in Table 1 show that stored slices
accumulated much less inorganic I3!
than fresh thyroid slices. Incubations
were carried out in quadruplicate for 3
hours by the procedure of Morton and
Chaikoff (2); standard deviations are
tabulated. The measurements summar-
ized in Table 2 further indicate that
stored slices lose ability to concentrate
inorganic I*31. Over a 13-fold variation
in the ratio of the weight of the slices to
the weight of the medium and slices, the
ratio of the inorganic I3 in the slices
to that in the medium and slices changed
correspondingly; and the quantity of in-
organic I3 in the slices after incubation
was never more than would diffuse into
an equal weight of inert aqueous material.

The composition of the protein-bound
I131 was established by paper chroma-
tography, with collidine-H,O-NH, de-
velopment (5), of stored slices hydro-
lyzed (after incubation in the I'31 me-
dium) with pancreatin (9). Forty micro-
liters of the pancreatic hydrolyzate were
placed along a 4 cm line (origin) on
Whatman No. 1 filter paper. The auto-
radiographs of Fig. 1 show that little if
any diiodotyrosine (DIT) or thyroxin
(TX) was formed and that the predomi-
nant component of the protein-bound
I131 was monoiodotyrosine (MIT). A
high R, component similar to that found
in thyroid homogenate (4, 5) was also
present in the incubated, stored slices.

Formation of MIT by stored slices is
apparently enzyme-dependent since a
l-minute boiling of the slices before in-
cubation decreased MIT production by
a factor of 30, and adding 10¢M Cut+*
to the medium did not restore MIT pro-
duction (Table 3). The addition of 1073
or 1074M Cut+ or Co** to the incubation
medium did not markedly alter MIT for-
mation in stored, unboiled slices. Thio-
cyanate, at 1073M, inhibited organic bind-
ing of I*31 by stored thyroid. Incubation
at 25°C in air (ordinarily, incubation of
thyroid slices is carried out at 37.5°C in
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an atmosphere of 95 percent oxygen and
5 percent carbon dioxide) did not de-
crease MIT formation, although reduc-
ing incubation temperature to 4°C did
diminish the rate of MIT production. In-
cubation in the presence of 10-3M KCN
or in a nitrogen atmosphere did not de-
press MIT formation. Homogenizing
stored slices before incubation reduced
protein-bound I3 production by a factor
of 6—to about the level found in studies
with thyroid homogenates (3-5).

From the time of the identification of
monoiodotyrosine as a natural constituent
of the thyroid gland (6), MIT was
thought to represent the first step in the
formation of DIT (7). The results of
this study show, however, that a rela-
tively large proportion of MIT can be
produced with the formation of only
minimal quantities of DIT. Further, the
observations that MIT is produced when
incubation takes place in the presence of
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slices incubated in I**' medium.

Table 1. Comparison of surviving and stored thyroid slices.*

I** in slices, as percentage of total

1181

in medium plus slices

Surviving Stored
Compound
Protein- Inorganic Protein- Inorganic
bound I** e bound I'* )

Controls 51.1+3.8 12.1+1.0 36.9+3.0 4.1%0.3
10°*M thiouracil 2.8+0. 2 21.6+2.0 0.8+0.1 3.5+0.2
10*M thiouracil 6.2+0 19.7+1.4 1.0+0.1 4.4+0.4
10°M PAS 32+01 19.9+1.6 1.5+0.1 3.6+0.1
10*M PAS 9.6 +0.3 258+ 1.1 3.2+0.1 45+0.4
10*M Tapazole 5.0+04 20.3+0.9 1.1+0.1 3.8+0.3

* All stored thyroid slices employed in the measurements for Tables 1, 2 and 3 were stored at — 16°C for 2

weeks before incubation.

Table 2. Effect of varying ratio of slice weight to medium volume.

Slice Medium wt. of slices/ 13 of slices/
weight volume wt. of medium 2 of medium
(mg) (ml) and slices and slices
150 mg slices, 3.0 ml medium 1/21 1/24 2
150 mg slices, 12.0 ml medium 1/81 1/99 =8
600 mg slices, 3.0 ml medium 1/6 1/7.3+0.6

Table 3. Factors affecting stored thyroid metabolism.

I* in slices, as percentage of total

I"* in medium plus slices
Factor
Total I** Protein- Inorganic
in slices bound I'*** )
Controls 41.1+29 36.9+3.0 4.1+0.3
Boiled 1 min 4.0+0.1 1.1+£0.1 2.8+0.1
Boiled + 10*M Cu** 4.2+0.2 1.3+0.1 2.8+0.1
10™M Cu** 40.6 £2.5 36.8+2.7 3.9+0.3
10°M KSCN 5.3+0.4 3.2+0.3 2.1+0.3
10°M KCN 40.2 £3.7 35.0+3.1 4.3+0.3
25°C in Air 42.6 +3.8 38.4+3.2 4.1+0.4
Nz Atmosphere 41.9+3.2 37.2+28 4.2+04
4°C 8.2+0.7 6.1+0.5 2.3+£0.2
Homogenized 7.0+0.5 6.3+0.4 0.7 £0.1
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Autoradiographs of chromato-
grams from surviving and stored thyroid



CN- or in an atmosphere of N, or air
suggest that the formation of protein-
bound MIT is not strongly dependent on
the oxidative, energy-producing cycles of
the cell. This is-in contrast with the ap-
parent dependence on those cycles of the
formation of DIT and the concentration
of iodide in the thyroid (8).

S. W. Maver

F. H. KeLLy

M. E. MorTon*

Radioisotope Research Unit, Veterans
Administration Hospital, Long Beach,
California and School of Medicine,
University of California, Los Angeles
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Protection of Mouse Fetus
against X-irradiation Death

The value of cysteinamine (beta-mer-
captoethylamine) as a protective agent
against ionizing radiations in the adult
mammal was first established by Bacq
(1) and has been confirmed by other in-
vestigators. In our laboratory, a study by
Rugh and Wang (2) indicated that the
effect of 700-r x-rays, the minimum
LD;ye/30 for CF; adult male mice, is
modified by the intraperitoneal injection
of 3 mg of cysteinamine 5 to 30 minutes
before irradiation so that only 30-percent
mortality occurs within the specified
period. It was thought to be important
to' determine whether the protective
value of this —SH compound could be
transferred to the mammalian fetus that
is x-irradiated in utero by the injection
of the drug into the pregnant animal.
Although the radiosensitivity of the fetus
has been extensively investigated in terms
of developmental abnormalities and leth-
ality (3), no such protection studies on
the fetus have been reported in the lit-
erature.

The animals used in this study (4)
were CF; female mice that were x-irra-
diated on gestation days 13.5 to 19.5.
Doses ranged from 300 to 1200 r, deliv-
ered at a rate of 96.5 r/min air dose as
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measured at the level of the gravid
uterus. The x-ray facilities consisted of
a Quadrocondex constant-potential ther-
apy machine run at 210 kvp peak, 15 ma,
and a distance of 50 cm from the target
to the animal, with 0.28 mm Cu and 0.50
mm Al filters added. Cysteinamine was
made up in physiological saline at a con-
centration of 3 mg/ml, 1 ml of which
was administered intraperitoneally to the
pregnant mouse 20 minutes before expo-
sure to x-rays.

Each experiment consisted of three
groups of mice. One control group re-
ceived cysteinamine without irradiation.
A second control series received x-irradi-
ation alone; the third or experimental
group of mice received both the drug and
x-irradiation. After delivery of the off-
spring, the litters were counted daily and
weighed at weekly intervals for 1 month.
In cases in which the mice received a
lethal dose of irradiation, litters were ex-
changed at birth with simultaneously
dropped control litters in order that
death or possible retardation of lactation
in the irradiated mothers might not affect
the growth and viability of the offspring.
Data from cysteinamine-injected controls
have in no way differed from uninjected
control values.

Considering the weight at age 1 month,
although the irradiated mice show an
average weight difference of almost 5 g
less than that of the non-irradiated con-
trols, prior administration of the drug
allows average weight very nearly equal
to that of the controls (Table 1).

In Table 2 appear data from an ex-
periment in which an exchange was

made between treated litters and mothers
and noninjected controls. Both irradiated
groups showed a decreased birth weight
below control weights with but slight dif-
ference between the two treated groups.
All fetuses irradiated without cystein-
amine died within the first 10 days after
delivery, while those that had received
prior cysteinamine injections exhibited
78.6 percent survival (protection to 1
month).

It seems reasonable to hypothesize that
a reduction in litter size, particularly in
the noncysteinamine-injected but irradi-
ated groups, could be the result of their
greater susceptibility to death in utero.
In the data obtained following irradiation
at 14.5 days of gestation (Table 1), the
percentage values might seem to suggest
a range of sensitivity favoring the cystein-
amine-injected mice. However, the con-
trol and drug-injected groups are quite
similar in weight, and an apparently sig-
nificant weight difference exists between
these two groups and those that received
300 r alone. The birth weight differences
in the 700-r, 17.5-day series (Table 2)
are those between the controls and both
the irradiated groups. In terms of 1-
month survival, however, it seems ob-
vious that the survival of any mice in the
cysteinamine-treated group provides evi-
dence for the drug’s protective effect, for
none of the 66 controls survived.

As can be seen from the data on sur-
vival and weight to 1 month after deliv-
ery, cysteinamine provides some protec-
tion against x-irradiation not only for the
adult mouse, but also for the fetal mouse.
This protection is expressed as a weight

Table 1. Data for mice irradiated with 300-r x-rays at 14.5 days of gestation. The per-
centage survival to age 1 month is based on the number alive at birth.

Av. wt.

Natal Av. Survival
Treatment IAV' mortality birth to 1 mo at 1 mo
W (%) w(e) (%) ()

Cysteinamine alone

(14 litters, 136 mice) 9.7 2.2 1.70 76.0 11.74
X-rays alone

(6 litters, 50 mice) 8.3 14.0 1.18 40.0 6.83
Cysteinamine and x-rays

(6 litters, 55 mice) 9.1 14.5° 1.37 54.5 11.44

Table 2. Data for mice irradiated with 700-r x-rays at 17. 5 days of gestation. The per-
centage survival to age 1 month is based on the number alive at birth.

Natal Av. Survival Av. wt.
Treatment IAV‘ mortality birth to 1 mo at 1 mo
Her (%) wt.(g) (%) (8)
Cysteinamine alone
(14 litters, 136 mice) 9.7 2.2 1.70 76.0 11.47
X-rays alone
(13 litters, 66 mice) 5.1 3.0 1.25 0
Cysteinamine and x-rays
(12 litters, 92 mice) 7.7 8.7 1.30 78.6% 8.60

* Data for three litters.
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