reverse phase high-pressure liquid chro-
matography which showed the absence
of ‘other *H-labeled components includ-
ing *H,0O. Saccharin was the only *H
compound detected (99.7 percent of ac-
tivity) in urine samples (0 to 24 hours)
from the rats that received 3-methyl-
cholanthrene before saccharin.

These results demonstrate that signifi-
cant metabolism is not induced by long-
term administration of saccharin during
the neonatal and weaning stages of two-
generation studies. Because of the poor-
er quality of the chromatography of the
pulsed-dose urine samples the limit of
detection for any metabolite separated
from saccharin by TLC was approxi-
mately 0.4 percent. In the low-dose stud-
ies the limits of detection were 0.2 per-
cent by TLC in 2-methylcholanthrene-
treated rats and 0.1 percent by TLC, 0.05
percent by high-pressure liquid chroma-
tography and 0.01 percent of the dose as
2-sulfamoylbenzoic acid by reverse iso-
tope dilution in normal rats. This last
study sets the limit of detection of a satu-
rable metabolic process at 0.06 ug per
kilogram of body weight per 24 hours.
Thus in animals fed a 5 percent saccharin
diet this would represent < 0.015 ug of
metabolite per gram of saccharin con-
sumed (< 0.015 part per million), assum-
ing each rat (250 g) consumes 20 g of diet
per day. The total exposure of the blad-
der epithelium during long-term adminis-
tration to any metabolite would be a
maximum of 0.015 ug per day or approx-
imately 5 ug per year. This is consid-
erably below the concentration of organ-
ic impurities in commercial saccharin (up
to 20 parts per million) that the recent re-
port (/) concluded were present at such
low levels that they would have to show
‘‘exquisite potency’’ to be responsible
for the development of bladder tumors in
rats fed diets high in saccharin.

The absence of detectable metabolism
of saccharin at such low concentrations
is important evidence that this anionic
species cannot act as a classic elec-
trophilic carcinogen. Thus we must con-
clude (/) that ‘‘saccharin is unusual in
that its carcinogenic effects are due to
the unmetabolized parent compound,’
and other possibilities, such as promotor
effect or changes in physiological func-
tion or urine composition, must be inves-
tigated before the apparent mechanism
of tumorigenicity and its specificity are
understood. ‘

) T. W. SWEATMAN
A. G. RENWICK
Clinical Pharmacology Group,
University of Southampton, Medical
and Biological Sciences Building,
Southampton SO9 3TU, England
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An Endogenous Rhythm in Estuarine Crab Larvae

Abstract. Field-caught larvae of the estuarine crab Rhithropanopeus harrisii
have a tidal rhythm of vertical migration when maintained in constant conditions.
Laboratory-reared larvae do not show this rhythm. Endogenous tidal vertical
migrations aid the retention of these planktonic larvae in estuaries near the par-

ent populations.

Tidal fluctuations dramatically affect
the lives of benthic intertidal organisms.
It is not surprising that a number of these
organisms have endogenous circatidal
rhythms of behavior, physiology, and re-
production [see (/-3)]. Phasing of their
internal clocks with respect to the tidal
cycle is accomplished through synchro-
nizers such as changes in hydrostatic
pressure, wave agitation, and inunda-
tion, all of which occur at the land-water
interface (2).

Because planktonic organisms remain
in the water column, the above-men-
tioned synchronizers have little influ-
ence on them. However, in estuarine en-
vironments the tidal cycle is often ac-
companied by changes within the water
column itself, brought about by flow-in-
duced turbulence (¢). Water quality fac-
tors likely to be thus affected are salinity,
dissolved organic substances, and in-
organic nutrients; temperature and tur-
bidity cycles often occur as well. These
changes could act to synchronize endog-
enous tidal clocks in some estuarine
plankton. We now describe a tidal
rhythm, presumably entrained by these
water column synchronizers, in the
planktonic larvae of the estuarine crab
Rhithropanopeus harrisii (Gould).

We monitored vertical distributions of
laboratory-reared or field-caught crab
larvae under constant conditions for up
to 8 days by means of an automated tele-
vision system. To obtain laboratory-
reared larvae, we collected ovigerous fe-
male crabs and maintained them at 25°C
and 20 per mil salinity in a cycle of 12
hours of light alternating with 12 hours of
darkness. Standard rearing techniques
were used for the larvae (5), which were
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initially kept in the same conditions as
the parent crabs, then changed to con-
stant dark at the start of the experiment
(6). Field-caught larvae were taken by
towing a plankton net in water of 15 per
mil salinity in the Newport River estuary
near Beaufort, North Carolina. These
samples were immediately returned to
the laboratory for sorting of crab larvae
into species and stage; no more than 5
hours elapsed between collection and the
start of an experiment. Although tidal
height records for the area of collection
are not available, tides in the Beaufort
area are of the semidiurnal type, with
approximately equal amplitudes. The
tidal cycle at the collection site has
a period length of approximately 12.4
hours.

The general procedure was as follows.
Between 60 and 100 larvae were added to
the top of a Lucite column (1.9 m) (7)
containing water of the same salinity as
that in which the larvae had been living
(8). Freshly hatched Artemia salina nau-
plii were added for food at the beginning
of each experiment and again at random
times every second day. Introduction of
fresh food had no apparent effect on lar-
val vertical distribution. After a brief pe-
riod in which the larvae were allowed to
distribute themselves, the monitoring
system was automatically activated each
half hour (9), so that an elevator could
raise the television camera and scan the
column against a dim red backlight in a
period of 2 minutes. The scanned image
was stored on videotape. Events were
identical on the following cycle, but the
camera was lowered to the initial posi-
tion. Except for the time that the back-
light was on, the larvae were in total
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darkness with the room temperature
maintained at 24.5° = 1°C. Experiments
were ended when there were fewer than
20 larvae remaining in the water column
as a result of mortality and molting to
the benthic juvenile crab.

Videotapes obtained from the mon-
itoring device were replayed and the
number of larvae in each 0.1-m vertical
segment of the column were counted.
The counts from the two scans at half-
hour intervals were then summed in each
segment, and the center of the larval dis-
tribution was calculated for each hour
10).

In laboratory-reared larvae, a weak
circadian rhythm in vertical position was
evident, initially showing a rise during
the time of the original dark phase and
a gradual fall during the original light
phase (Fig. 1A). Fisher’s periodogram
test followed by use of Enright’s period-
ogram (/1) reveals a period length of 24.6
hours (P < .01). Since the period of this
rhythm in constant conditions is longer
than exactly 24 hours, the phase relation-
ship to the original light-dark cycle
drifted to later times during the course of
the experiment. The amplitude of this
weak migration was approximately 0.25
m. No tidal rhythm was apparent.

The results for larvae caught in the
field at spring tides (Fig. 1B) were quite
different. The larvae demonstrated a
marked tidal migration, in which the
maximum depths (troughs) were initially
reached slightly after the time of natural-
ly occurring low tides. Statistical analy-
sis reveals a migration with a period
length of 12.3 hours (P < .01). Alternate
cycles differ in two ways: (i) successive
cycles have alternating amplitudes of 0.4
and 0.75 m for the first 3 days; and (ii) the
peaks of successive cycles fall alternate-
ly at early and late times in the cycle.
This suggests that two 12.3-hour cycles
produce a basic cycle of period length
24.6 hours, in agreement with hypothe-
ses suggested separately by Palmer and
by Enright (3) that the basic period
length for tidal rhythms is 24.8 hours, not
12.4 hours. An alternative interpretation
is that this pattern represents a circatidal
rhythm in vertical migration with a circa-
dian component superimposed, since the
greater amplitude changes take place at
night.

To further study the phase relationship
between the endogenous larval migration
and the tidal cycle, we made a second
study with field-caught larvae obtained
during neap tides (Fig. 1C). At this phase
of the fortnightly cycle, tidal ranges are
at a minimum, and the tidal phase times
are approximately 6 hours later than at
spring tide. Both the pattern of this mi-
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gration and the phase relationship to the
tidal cycle were similar to that of the
spring tide experiment, in further sup-
port of the tidal basis of the rhythm; the
period length was again 12.3 hours
(P < .01). Although the alternating pat-
tern of peak occurrence at early and late
times in successive cycles was again ap-
parent, the amplitude of the migration is
reduced and the alternating amplitude
pattern is not clearly expressed. These
changes could result from the weaker
synchronizing influences of the neap
tides.

Although endogenous rhythmicity in
diel (24-hour) vertical migration of plank-
ton has been described (/2), this is ap-
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Fig. 1. Movement of the center of distribution
of Rhithropanopeus harrisii larvae in a verti-
cal column kept in constant dark and constant
temperature. Dates are in 1978; §, surface.
Gaps indicate missing data. (A) Movements
by laboratory-reared larvae. Initially 100 lar-
vae were introduced into the column. During
entrainment, the light phase began at 0700 and
the dark phase at 1900 hours. (B) Movements
by larvae caught in the field at time of spring
tides. Initially 62 larvae were introduced. The
arrows indicate the predicted times of low tide
at the collection site. Natural sunrise and sun-
set were at 0610 and 2005 hours, respectively.
(C) Movements by larvae caught in the field at
the time of neap tides. Initially 100 larvae
were introduced. The arrows again indicate
the predicted times of low tide at the collec-
tion site. Natural sunrise and sunset were at
0620 and 1945 hours, respectively.

parently the first report of an internally
controlled migration on a tidal time
scale. A tidal vertical migration is partic-
ularly adaptive for this organism. Es-
tuaries are characterized by a net sea-
ward flow of water due to the water’s en-
tering the estuary from its drainage
basin. Estuarine plankton are contin-
ually at risk of being exported in this sea-
ward flow. The situation is especially se-
vere for the planktonic larvae of benthic
estuarine animals, such as Rhithropan-
opeus harrisii; for unless at least some of
the larvae are able to settle in the vicinity
of the parent organisms, they will not
contribute to maintenance of the popu-
lation.

Stratified, partially mixed estuaries
have a layer of water of higher salinity,
with a net landward flow that underlies
the upper seaward-flowing water (/3).
Thus, it is possible for a planktonic
organism to partition its time between
the layers and minimize horizontal dis-
placement from the parent population;
this could conveniently be done by regu-
lar vertical migrations. Some field stud-
ies have revealed diel vertical migrations
for estuarine zooplankton (/4), while
others have demonstrated tidal migra-
tions between the substrate and water
column for some estuarine larvae (I15).
The only unequivocal field observations
to date of entirely planktonic tidal mi-
grations have been for crab larvae; we
have found a striking tidal migration in
our fieldwork with R. harrisii larvae, and
DeCoursey (/16) has noted a similar mi-
gration for larvae of fiddler crabs (genus
Uca).

For a short-lived planktonic larva, ver-
tically migrating in synchrony with the
tides would offer a more certain control
over horizontal movements in the es-
tuary than diel migrations. In the migra-
tion pattern illustrated by Fig. 1, B and
C, the larvae would move high in the wa-
ter column during the flood tide and thus
be carried up the estuary. As the ebb
flow began, the larvae would move to a
lower position, and their seaward move-
ment would be reduced by the slower
seaward currents there and by boundary
layer effects if the larvae move very near
the bottom. Thus, the likelihood of re-
tention within the upper part of the es-
tuary near the parent populations would
be increased, an obvious advantage to
the species. What aspects of the estua-
rine tidal cycle entrain this endogenous
tidal vertical migration rhythm remain to
be determined.

THOMAS W. CRONIN
RicHARD B. FORWARD, JR.
Duke University Marine Laboratory,
Beaufort, North Carolina 28516
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Subfornical Organ Efferents to Neural Systems for

Control of Body Water

- Abstract. The subfornical organ, a circumventricular structure of the central ner-
vous system, has efferent neural projections to sites within the brain known to be
involved in drinking behavior and secretion of antidiuretic hormone. By using antero-
grade tracing techniques, it is shown that the subfornical organ projects to the nucle-
us medianus of the medial preoptic area, to the organum vasculosum of the lamina
terminalis, and to the supraoptic nuclei bilaterally. Its efferent connectivity is con-
firmed by retrograde transport of horseradish peroxidase. The organum vasculosum
of the lamina terminalis, another circumventricular organ and a suspected receptor
site for angiotensin 11, is involved in the circuitry of the subfornical organ and also
has an efferent projection to the supraoptic nuclei.

The circumventricular organs (CVO’s)
of the brain are unique structures that
lack a blood-brain barrier (/, 2). They are
highly vascular and lie in the midline of
the brain at strategic positions on the
surface of the cerebral ventricular sys-
tem (3-6). Without a blood-brain barrier,
they are ideally suited as receptor sites
for blood-borne biologically active sub-
stances normally excluded by the brain
(7, 8). Initially, their functional role was
presumed to be neurosecretory on the
basis of morphological evidence (2, 4, 5,
9). From the results of earlier experimen-
tal work it was speculated that the sub-
formical organ (SFO) played a role in
water balance (/0). This has been sup-
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ported by recent work showing that le-
sions of the SFO inhibit the natriuretic
response to intracarotid hypertonic sa-
line (/7) and that extracts of the SFO giv-
en intracerebroventricularly affect salt-
water balance (/2). More significantly,
Simpson and Routtenberg (8) and Simp-

son ¢t al. (13) demonstrated that the SFO

is an extremely sensitive site in the brain
for the induction of drinking behavior by
angiotensin II (AII). This was the first di-
rect demenstration of a functional role
for the SFO and firmly supported the
contention that the SFO is involved in
the regulation of water balance. How-
ever, it may not be the sole receptor site
for All-mediated drinking behavior. Oth-
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er work implicates the periventricular
tissue of the anteroventral third ven-
tricle, which contains the organum vas-
culosum of the lamina terminalis
(OVLT), another CVO (I4-16). Both
sites are very sensitive. The medial pre-
optic area is a third possible receptor
site; however, it is a less likely candidate
since it requires at least three to four or-
ders of magnitude more All to produce
drinking (/7) than does the SFO (/3).

Since the SFO has been shown to be a
receptor site for AII in the induction of
drinking behavior, identifying its efferent
projections offers the chance to trace the
neural circuitry mediating a specific be-
havioral response elicited by a specific
hormone at a specific site in the brain.
Little is known about the efferent con-
nections of the CVO’s. The single ex-
ception is a projection from the area
postrema to the neighboring nucleus of
the solitary tract described in the cat
(18). Nothing has been described for the
SFO or OVLT. In this study we describe
efferent connections of the SFO traced
by labeling both anterograde and retro-
grade transport within the axons of SFO
neurons.

The SFO is a small (0.4 by 1.0 mm)
structure which lies in the anterior and
dorsal part of the third ventricle below
the ventral surface of the ventral hippo-
campal commissure and between the in-
terventricular foramen of the lateral ven-
tricles. Suspended from the fornix and
separated from immediately adjacent nu-
clei by a fiber bundle, the SFO is ideally
positioned for the application of antero-
grade autoradiographic tracing tech-
niques (/9). In this procedure tritiated
amino acids in nanoliter volumes are lo-
cally injected at specific sites within the
brain. They are taken up by neuronal
perikarya, incorporated into protein, and
carried down axons by axoplasmic trans-
port mechanisms to their terminals,
which are identified by autoradiography.

We examined the brains of 11
Sprague-Dawley male albino rats in
which tritiated rL-leucine ([3,4,5-*H(N)],
79.8 Ci/mmole) in small volumes (10 or
20 nl, 50 or 25 uCi/ul, respectively) was
injected through a 33-gauge beveled can-
nula (20).

Four rats had injections involving the
SFO. In two of these rats the cannula
terminated in the ventral hippocampal
commissure just dorsal and anterior to
the SFO and minimally involved the tri-
angularis and septofimbrial nuclei of the
septum (caudal septal nuclei). In the re-
maining two rats the cannula terminated
more anteriorly and the injection site in-
cluded the caudal septal nuclei. Of the
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