of the unsubstituted and a-hydroxy acids.
Divalonic acid (a six-carbon, growth-promot-
ing B-hydroxy acid), for example, exhibits a
pH Y, value of 4.3, according to Wolf et al.
[J. Am. Chem. Soc. 78, 4499 (1956)].

7. M. N. Camien and M. S. Dunn, J. Biol.
Chem. 211, 593 (1954).

8. Neither the isolated barium salt (2 percent
in water) nor the free acid (2 percent in
either water or chloroform) yielded a signifi-
cant optical rotation with sodium light.

9. C. G. Baker and A. Meister, J. Am. Chem.
Soc. 73, 1336 (1951).

10. A paper describing the details of their char-
acteristics is in preparation.
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Daily. Rhythms in Male
Harvester and Argentine Ants

The nuptial flights of various species
of ants occur at characteristic times—for
example, in a species of Myrmica, early
morning; of Lasius, late afternoon (1);
of Eciton, night (2). To gain a better
understanding of such field observations,
male and female harvester ants [Vero-
messor andrei (Mayr)] and male Argen-
tine ants [Iridomyrmex humilis (Mayr)]
(3) were studied in a constant-tempera-
ture room in alternating light and dark
(4). Under these conditions, as is shown
below, the males of both species exhib-
ited a sharp daily activity peak, but at
opposite ends of the light period.

The Veromessor females were obtained
at a nest entrance on 26 July and kept
until September with workers under
room conditions (about 19° to 26°C).
The males were collected at the en-
trance of the same nest on 13 September
and kept by themselves.
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Fig. 1. Comparative activity patterns

under alternating light and dark. Iri-
domyrmex: number out at time observed
(mean of two counts 1 minute apart);
Veromessor: half-time tunnel count per
hour.

536

To obtain automatic activity samples,
a circular “race track” was used. Two
lots of ten males and two lots of ten
females were placed in tiny chambers
of clear plastic. Cotton-plugged test tubes
of water and of sugar water projected
down through the roof of each chamber;
no other food or moisture was supplied.
A transparent tube circled from one exit
from the chamber back to the other,
narrowing midway between to form the
lining of a polystyrene tunnel. An ant
passing through the tunnel, and thus be-
tween “sensitive” and “ground” screws,
triggered a capacity-operated relay. In
another room the total number of passes
was recorded on a digital counter which
was photographed each hour.

Since there were only two such relays
available, a motor-driven cam device was
used with each to alternate the contacts
between two tunnels, so that a group of
males were counted for half a minute,
then females, and so forth. Thus each
machine made a half-time count for
each sex (5).

To simulate the darkness of the nor-
mal nest, the entire chamber was cov-
ered by an orange Plexiglas box (6).
The circular “track” was left fully ex-
posed to the light.

The counts of Iridomyrmex males, on
the other hand, were made on a com-
plete colony, consisting of nest queens,
numerous workers and young, and about
14 males. The nest had been under labo-
ratory conditions for over a year. Two
adjacent plaster units opened onto a
common board, which had legs set in
DDT (7). The microscope-slide roof of
each unit was overlapped with orange
Plexiglas (6). Water and sugar water
were continuously available in tubes sus-
pended from a post set on the board (7).
Solid food was provided, and the plaster
was moistened, at irregular (though re-
corded) times; this had no observable
effect on the rhythm. The males came
out and wandered over the units or near
them. Their wings made them easy to
spot, and the total out at any given time
was counted by eye.

Both species were kept on the same
table in a darkroom at 25.4°+0.4°C.
A 40-watt fluorescent light, automati-
cally turned on at 6 A.m. and off at 8
p.M., provided an intensity of about 50
ft-ca. Two 40-watt clear ruby darkroom
lights (two feet from the ants) were on
continuously. Mechanical disturbance
was minimized by sponge-rubber pads.

Figure 1 shows the simultaneously re-
corded activity patterns from 30 Sep-
tember to 3 October 1957, after the ants
had been under the experimental condi-
tions for several days. The replicate pat-
tern of Veromessor males was similar to
the one shown. Both female counts are
given because of their greater variability.
In fact, the activity patterns of the fe-
males are of interest, under these par-

ticular conditions, principally because of
their lack of well-marked peaks, by con-
trast with the males.

The activity peak of Veromessor males
occurred the first hour of each light
period and was preceded consistently by
a rise the last hour of the dark, with
relative quiet the rest of the time (8).
The Iridomyrmex males, on the other
hand, were out of the nest during the
last 2 hours of the light period only.
The increases in activity before the
changes in lighting suggest endogenous
control of the rhythms. Further evi-
dences for such an internal “clock” (9)
in both species studied here were (10):
(i) persistence of rhythm in constant
darkness (that is, red light), though the
Veromessor peak averaged 0.5 to 1 hour
later each day, and (ii) a shift of phase
following a single 5 p.M~5 A.M. light
period.

Veromessor mating flights occur lo-
cally early in the morning (10), thus
suggesting the significance of the labora-
tory activity peaks. A species-character-
istic light-phase relationship would seem
valuable in synchronizing the nuptial
flights of colonies of the same species.
However, simple environmental response
to the dawn might be insufficient, unless
the ants were near enough to the surface
at the right time. Endogenous control
could bring them to the entry in time
for the dawn. Their clocks could be
“set” when the winged ants emerge on
nonflight days, as do Veromessor (and
other ants—for example, see 1, 11).
Such inherent control was postulated
for worker leaf-cutting ants which were
in the nest entry 1 hour before dawn,
though even artificial light would not
bring them up earlier (/2). Similarly,
bees trained to forage at a certain time
may remain in a remote part of the hive
until shortly before that time (13).

The value of the clocklike emergence
of Iridomyrmex males is more difficult
to explain, since mating takes place
within the nest (7, I14). If a general
male-and-female flight ever occurs, the
results reported here would suggest the
end of the day as the time. Perhaps the
exit thythm is a vestige of such a flight.
The males sometimes fly, and they are
found at artificial lights (7, 14). If
the males normally fly before mating, a
clock with the phase relationship noted
could bring them out when late after-
noon and night remain for encountering
another nest or column of workers, be-
fore it again becomes too hot or dry for
survival. In certain army ant species,
where the virgin queens are wingless,
some of the males, after their night
flights, find their way into other col-
onies (2).

Erwoop S. McCLUSKEY*
Department of Biological Sciences,
Stanford University,
Stanford, California
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New Metabolites of Serotonin
in Carcinoid Urine

5-Hydroxyindoleacetic acid, the only
metabolite of serotonin so far identified,
represents less than 20 percent of an
exogenous dose of serotonin (I). The
reported presence of other unidentified
indole derivatives in carcinoid urines
(2) and rat liver perfusates (3), how-
ever, is indicative that metabolic reac-
tions other than deamination occur. Sug-
gestive evidence has also been presented
that free serotonin is present in normal
urine (4). Now it has been found that
carcinoid urine is much more oxytocic
than normal urine (personal observa-
tion) and it was thought that, if in this
syndrome there was an increase in the
excretion of the known metabolite, there
would also be an increase in the un-
known metabolites.

By an adaptation of the method de-
scribed by Bumpus and Page (4), the
indoles were extracted from 3 gal of
carcinoid urine from one patient which
contained 350 mg of 5-hydroxyindole-
acetic acid as assayed by the method of
Udenfriend, Titus, and Weissbach (5).
Removal of excess urea and a partial
fractionation of indoles was accom-
plished by using a cellulose column and
a single phase solvent of n-propanol/
ammonia.

Paper chromatography of the concen-
trated extracts and fractions revealed the
presence of six indole derivatives. Five
of these were identified by means of
paper chromatography in three solvents,
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Table 1. Rr values, oxytocic activity, and fluorescent spectra of metabolites of serotonin

and the normally occurring urinary indican.

Ry in solvent*

Fluorescent spectra

o ot (mp) §
. Xytocic
Metabolite activity Activa-  Fluo-
A B C tion rescent pH

(max.) (max.)
Serotonin creatinine sulphate 0.48 0.64 0.86 -+ 295 540 2
5-Hydroxyindoleacetic acid 0.15 0.80 0.03 300 355 7
5-Hydroxyindoleaceturic acid 0.23  0.84
N-acetyl serotonin 0.75 0.81 0.86 + 310 370 7
Indican 0.40 043 056 300 400 7

* Blue spots were obtained when sprayed with p-dimethylaminobenzaldehyde in 1.5N HCI. Solvent systems
used: A, propan-1-ol saturated with ammonia; B, n butanol-acetic acid—water (4:1:5); C, ethyl methyl

ketone—2N ammonia (2:1).

1 Oxytocic activity was determined on an eoestrus rat uterus. Activity was antagonized by brom-lysergic

acid diethylamide.

I Fluorescent spectra were determined with an Aminco Bowman spectrophotofluorometer.

oxytocic activity, and fluorescent spectra
(see Table 1). One of these proved to be
the normally occurring urinary indican,
but the other four—5-hydroxyindoleace-
tic acid, 5-hydroxyindoleaceturic "acid,
5-hydroxytryptamine and N-acetyl 5-hy-
droxytryptamine—were evidently metab-
olites by serotonin. The 5-hydroxyindole-
aceturic acid was further characterized
by enzymic hydrolysis of an eluate with
chymotrypsin, to yield 5-hydroxyindole-
acetic acid and glycine.

The metabolism of endogenous sero-
tonin in carcinoid patients therefore ap-
pears to be very similar to that of exo-
genous serotonin in experimental ani-
mals which we have studied (6). Auto-
radiographs obtained from urinary ex-
tracts of rats and rabbits given radioac-
tive serotonin have shown the presence
of the same four metabolites with the
addition of two other minor metabolites.
One of these has been identified as the
glucuronide of serotonin since it gave a
positive indole test but did not give a
blue color with 2:6 dichloroquinone-
chloroimide, indicating that the hydroxyl
group was not free. An eluate of this
compound gave a positive naphthore-
sorcinol reaction, confirming that it was
an ether glucuronide. Quantitative esti-
mations of glucuronic acid and ethereal
sulfate excretion after administration of
serotonin have also shown that some con-
jugation does take place.

Oxidation of serotonin in vivo is a
theoretical possibility, and it was thought
that the other minor metabolite might
represent the product of such a reaction,
though so far no definite experimental
confirmation has been obtained since it
is present in such small quantities.

No evidence has been found in these
experiments to suggest that methylation
of serotonin might occur.

The normal metabolic fate of sero-
tonin therefore appears to be (i) deami-
nation to 5-hydroxyindoleacetic acid
with (ii) some subsequent glycine con-
jugation to form the aceturic acid, (iii)

N-acetylation, (iv) conjugation with glu-
curonic acid, (v) excretion unchanged
and (vi) possible oxidation.
Preliminary studies have shown that,
although great amounts of serotonin are
metabolized by carcinoid patients, there
appears to be no qualitative difference
from the normal mode of metabolism.
WiLiiam M. Mclsaac
IrviNe H. Pace
Research Division, Cleveland Clinic
Foundation, and Frank E. Bunts,
Educational Institute, Cleveland, Ohio
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Spontaneous Changes in
Corn Endosperm Tissue Cultures

Spontaneous changes in the character-
istics of plant tissue cultures are known to
occur from time to time. The best docu-
mented change is that which occurs in
connection with the isolation of habitu-
ated tissues (/). Habituated tissues are
independent of exogenous auxin, in con-
trast to the normal tissues from which
they are derived. The latter tissues re-
quire external supplies of auxin for
growth in vitro. Another change which
has been observed to arise is the appear-
ance of a purely parenchymatous tissue
from woody tissue cultures (2). Reinert
(3) and Torrey (4) have described irre-
versible changes from compact calli to
cultures of very loose masses of cells from
Picea and pea root callus, respectively.
The latter changes, however, were as-
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