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Avian Pancreatic Polypeptide Phase Shifts Hamster Circadian

Rhythms When Microinjected into the Suprachiasmatic Region

Abstract. The suprachiasmatic nucleus has been identified tentatively as a
circadian pacemaker. To examine the functional role of peptides found within
suprachiasmatic neurons, avian pancreatic polypeptide and vasopressin were mi-
croinjected into the suprachiasmatic region. Avian pancreatic polypeptide, but not
vasopressin, shifted the phase of the wheelrunning rhythm as a function of the time
of its injection within the circadian cycle. Avian pancreatic polypeptide or a similar
peptide may be one component of the neurochemical processes underlying entrain-

ment to the light-dark cycle.

Many of the complex daily patterns in
mammalian physiology and behavior are
controlled by the circadian timing sys-
tem. Circadian pacemakers generate pre-
cise rhythms in physiological systems
that are close to, but rarely, 24 hours (/).
The synchronization of these endoge-
nous rhythms with the 24-hour light-dark
(LD) cycle is achieved by daily resetting
of the circadian pacemaker’s phase (2,
3). Whether light advances or delays the
phase depends on the time of the circadi-
an cycle when light exposure occurs.

Neurons of the suprachiasmatic nuclei
(SCN) of the hypothalamus have been
identified as a putative circadian pace-
maker. Destruction of the SCN elimi-
nates the circadian rhythmicity of a large
number of behavioral and physiological
variables (¢, 5). The SCN exhibits circa-
dian variations in metabolic activity (6)
and rhythms in multiple-unit electrical
activity, despite surgical isolation from
other hypothalamic areas (7). The phase
resetting of circadian timing that occurs
after exposure to brief light pulses can be
mimicked by electrical stimulation of
the SCN (8) or by intraventricular injec-
tions of carbachol, a cholinergic agonist
).

Little is known about the physiological
mechanisms that mediate the entrain-
ment of SCN neurons to the LD cycle,
generate circadian variations in SCN ac-
tivity, or communicate circadian infor-
mation to other physiological systems.
Anatomical studies, however, have pro-
vided much information on the morphol-
ogy, neurochemistry, and afferent pro-
jections of the SCN (5). A large popula-
tion of neurons within the nucleus con-
tain vasopressin (VP), vasoactive
intestinal peptide, or somatostatin (/0).
The ventrolateral area of the SCN seems
to be the primary terminus of SCN affer-
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ents, including a monosynaptic pathway
from the retina, the retinohypothalamic
tract (11). Other well-defined fiber sys-
tems that terminate in the ventrolateral
SCN include a serotoninergic pathway
from the midbrain raphe (/2) and a sec-
ondary visual projection from the ventral
region of the lateral geniculate nucleus
(VLGN) of the thalamus (/3) that con-
tains avian pancreatic polypeptide (APP)
immunoreactivity (/4).

We examined the effect of microinjec-
tions of APP and VP into the suprachias-
matic region on the circadian rhythm of
locomotor activity in the hamster. Adult
male hamsters housed in cages contain-
ing activity wheels were implanted ste-
reotaxically with guide cannulas aimed
at the suprachiasmatic region (15). After

Time of day
24
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Fig. 1. Effects of avian pancreatic polypeptide
(APP) and vasopressin (VP) microinjected
into the suprachiasmatic region on the phase
of hamster activity rhythms free-running in
constant light. (A and B) Phase-shifts in the
activity rhythm produced by microinjection of
APP at various phases of the circadian cycle
(circles indicate time of injection). (C) Ab-
sence of phase shifts in the activity rhythm
after microinjection of VP.

surgery; each hamster was housed under
constant illumination and allowed to es-

“tablish a stable free-running circadian

activity rhythm. At 10- to 14-day inter-
vals the unanesthetized hamsters were
removed from their cages and injected
with VP (200 ng) or APP (200 ng) in 200
nl of 0.9 percent NaCl (/6). All injection
sites were verified histologically (/7).

Whether microinjection of APP into
the suprachiasmatic region advanced or
delayed the phase of the activity rhythm
depended on the time within the circadi-
an cycle at which it was administered.
The shift in the phase of the activity
rhythm was fully expressed 1 to 4 days
after the injection of peptide (Fig. 1). The
data obtained from all APP injections
were then plotted in a phase response
curve (Fig. 2) that illustrates the magni-
tude and direction of the phase shifts (/8)
produced by APP injected at various
times throughout the circadian cycle.
Injection of APP within a 10-hour inter-
val prior to the onset of the wheelrunning
[circadian time (CT) 2 through 12] con-
sistently advanced the phase of the activ-
ity rhythm. The largest phase advances
occurred when APP was administered
between CT 6 and CT 10. When injected
between 6 and 14 hours after the onset of
wheelrunning, APP produced phase de-
lays in the activity rhythm. The delays in
the circadian phase, however, were
more variable than the phase advances.
The transitions between APP-produced
phase advances or delays were abrupt,
with little indication of a time when
animals did not respond to the peptide.
Despite the induction of phase shifts in
the activity rhythm, the free-running cir-
cadian period was not altered after APP
injection (—=0.05 * 0.03 hour).

The proximity of the injection site to
the third ventricle suggested that APP
could have penetrated into the ventricu-
lar system and thereby acted on more
remote structures. To explore this possi-
bility, we examined the effects of APP
injected into the lateral ventricle. Intra-
ventricular administration at times with-
in the circadian cycle that produced
maximal phase advances and delays
when injected within the suprachias-
matic region had no effect on circadian
phase. Injections between CT 6 through
10 and CT 20 through 24 resulted in
phase shifts of —0.31 = 0.22 hour
(mean * standard error, N = 2) and
+0.08 = 0.19 hour (N = 3), respective-
ly.

Microinjection of VP into the supra-
chiasmatic region at various times
throughout the circadian cycle produced
no consistent pattern of phase shifts in
the activity rhythm (Fig. 1). The magni-
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tude and direction of the small phase
shifts that did result from VP injection
seemed independént of the circadian
phase of administration (Fig. 2). The VP
administration seemed not to change any
feature of the circadian activity rhythm,
including its free-running period (+0.01
+ 0.02 hour).

Our data demonstrate that APP, but
not VP, affects the functioning of the
circadian timing system when locally ad-
ministered to neurons within the supra-
chiasmatic region. Although immunobhis-
tochemical studies have indicated the
existence of both peptides within neu-
rons of this region, the anatomical char-
acteristics of their distribution differ (5,
10). Vasopressin has been described in
cell bodies of the dorsomedial SCN that
project extensively within the SCN. In
contrast, APP immunoreactivity is limit-
ed to a population of SCN afferents
coming from the vLGN. Other studies
that have used VP-deficient Brattleboro
rats to examine the role of VP in the
circadian timing system have found little
to suggest such a role (/19). SCN neurons
containing VP could be an important
component in the communication of cir-
cadian control to other systems since
they project to other neural structures
(20) and since SCN lesions eliminate the
prominent circadian rhythm of immuno-
reactive VP in cerebrospinal fluid (21).

Our data suggest that APP or an APP-
like peptide may play a role in the en-
trainment of circadian rhythmicity to the
LD cycle. The phase resetting effects of
APP resemble the phase shifts observed
after the présentation of 2-hour dark
pulses to hamsters housed in constant
light (22). Both treatments produce max-
imal phase advances approximately 4
hours before activity cnset and phase
delays 6 to 14 hours aft . activity onset,
and both require several days of tran-
sient cycles before the phase shift is fully
expressed.

The entrainment of circadian rhyth-
micity may be the result of a complex
interaction among multiple input path-
ways. The retinohypothalamic tract
seems to be of major importance since
ablation of all other visual tracts by
postchiasmatic cuts or lesions alters, but
does not eliminate, LD cycle entrain-
ment of activity rhythms (23). Lesions of
the LGN do not alter the pattern with
which the circadian activity rhythm en-
trains to the LD cycle but do retard the
rate at which rodents reentrain to phase
shifts in the LD cycle (24). Visual units
with functional properties consistent
with the requirements necessary for LD
cycle entrainment of a circadian pace-
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maker have been defined in both the
SCN and the VLGN (25).

Whether APP acts as a neurotrans-
mitter or neuromodulator within the
SCN or other structures within the cen-
tral nervous system remains to be deter-
mined. APP is a 36-amino-acid polypep-
tide that was originally isolated from
chicken pancreas (26). More recently, a
36-amino-acid peptide with a structural
sequence similar to APP and several
other gut peptides has been isolated from
porcine brain. This peptide, called neur-
opeptide Y (NPY), shares 20 amino-acid
sequences with APP and cross-reacts
with antibodies raised to APP (27, 28).
Allen et al. (28) used antibodies raised to
NPY that do not cross-react with APP,
to describe an NPY immunoreactive sys-
tem that parallels the reported distribu-
tion of APP immunoreactivity. This dis-
tribution includes a dense innervation of
the ventral lateral SCN. These and other
data suggest that previous studies report-
ing APP-like immunoreactivity may in-
stead have identified NPY neuronal sys-
tems. Nevertheless, studies in.the pe-
ripheral nervous system suggest that
APP and NPY, as well as other members
of this peptide family, exhibit similar
biological activity (27, 29). Whether the
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Fig. 2. Phase response curves for APP and VP
microinjected into the suprachiasmatic re-
gion. Each point represents the phase shift, in
hours, induced in the free-running activity
rhythm by a single injection of peptide at the
circadian phase indicated on the horizontal
axis. Circadian time 12 is the time of the onset
of activity. Symbols: @, intact hamsters; O,
blinded and castrated hamsters.

native peptide found within the vLLGN-
SCN projection is APP or NPY, our data
suggest that this pathway could play an
important role in the entrainment of cir-
cadian rhythms..

Note added in proof: We have found
that microinjection of NPY into the su-
prachiasmatic region phase shifts ham-
ster circadian rhythms in a manner simi-
lar to that described for APP.
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Lead Retention in Zircons

The report by Gentry et al. (1) is
incorrect on three important points.
First, they are not the first workers to
determine Pb isotope compositions of
single zircon grains by mounting the
grains directly on a mass spectrometer
filament. This technique was successful-
ly used more than 15 years ago (2), but
has not been extensively pursued be-
cause of the limited ‘usefulness of Pb
isotope ratios alone for a mineral that
almost always yields discordant U-Pb
and Pb-Pb apparent ages (3). Further-
more, complete U-Pb isotope analyses
are readily obtained for such samples by
directly loading the residue from a high-
pressure HF attack in the presence of a
U-Pb spike 4, 5).

Second, as is well known by isotope
geologists, the radiogenic 2°’Pb/?°°Pb of
a mineral is very insensitive to Pb loss
within the past 200 million years or so,
due to the fact that 2°U, the parent of
207pb, has largely decayed by then. Thus,
a 1500-million-year-old zircon could
have lost 50 percent of its Pb 65 million
years ago (a well-documented time of Pb
loss in the southwestern United States)
without lowering the 2°’Pb/2%Pb by even
2 percent. In other words, a rough con-
stancy of 2°’Pb/2%Pb for zircons from the
granite studied by Gentry et al. is not
useful evidence that these zircons have
lost little or no Pb. In fact, the data of
Zartman (6) show that zircons from this
rock at 2900 m depth have lost about 25
percent of their Pb. Moreover, the obser-
vation by Gentry et al. ‘‘that the total
number of Pb counts per zircon. ..
shows no systematic decrease with
depth” in fact lends no additional sup-
port to their arguments. A simple linear
regression of the data shows that they
are much too scattered to provide any
useful resolution of a trend.

Third, and perhaps most important,
because natural zircons contain only
trace amounts of radioactive elements,
their Pb retentivity is not germane to the
question of closed-system behavior of
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synthetic zircons that contain large
amounts of highly radioactive nuclides.
Such zircons would accumulate many
orders of magnitude more radiation dam-
age than natural zircons, with the poten-
tial for much greater elemental leachabil-
ity. This point is of crucial importance
to any element immobilization strategy
).

Abundant data from geochronologic
studies already exist to show that natural
zircons can quantitatively retain Pb for
up to billions of years (until a time of
episodic Pb loss); otherwise zircon suites
with concordant Pb/U ages or isotopic
systematics indicating simple episodic
Pb loss would not be observed.

K. R. Lupwic

R. E. ZARTMAN

S. S. GoLpbicH
U.S. Geological Survey,
Denver, Colorado 80225
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Ludwig et al. find no fault with our
basic data (/) but claim to find other
errors, to which I must take exception.

I acknowledge that Roubault et al. (2)
previously analyzed single zircon grains,
and we should have cited this in our
report (/). However, in that instance the
zircon was attacked by orthophosphoric
and hydrofluoric acids after being placed
on the filament. This procedure could
have affected the lead isotopic measure-
ments they reported, either directly from

whatever lead that was in the acids or
indirectly through molecular ion interfer-
ences generated by the acid treatment of
the zircons.

The.important point here is that their
technique, which we learned of after our
experiments were concluded, introduces
the possibility of contaminant mass
peaks in the lead region from two
sources. In contrast, our report (/) de-
scribes an innovative mass spectromet-
ric method which excludes any acid
treatment of the zircon, and is thus a
contamination-free technique.

As to the second point of Ludwig et
al., I note that their arguments about the
lead ratios are in reality only problemati-
cal statements. Also, by agreeing that
the total lead counts per zircon show no
trend with depth, they fail to realize this
is in fact strong evidence in favor of high
lead retention. Significant lead loss
would have been accompanied by a defi-
nite trend toward smaller total lead
counts per zircon for the greater depths.
But this was not observed. They also
apparently fail to realize that their claim
of a 25 percent lead loss from zircons
taken from a depth of 9527 feet, which is
based on a single zircon analysis cited by
Zartman (3), is contradicted by their own
admission 'that the total number of lead
counts per zircon we obtained reveals no
variation with depth. That is, a 25 per-
centlead loss at 9527 feet would imply an
almost total lead loss (or equivalently
few if any lead counts per zircon) at
greater depths due to higher tempera-
tures. As noted above, the data show no
such effect.

In their third point, Ludwig et al.
overlook the fallacy in their comparison
of radionuclide retention in natural and
synthetic zircons, namely, that the con-
centration of nuclear waste-type radio-
nuclides in synthetic zircons can easily
be adjusted so as not to exceed the
naturally accumulated radiation dose
during the required waste storage period.
Thus, our results remain highly relevant
to the solution of the long-term waste
storage problem, a fact that continues to
escape the Department of Energy but not
the Congress (4).

ROBERT V. GENTRY
Columbia Union College,
Takoma Park, Maryland 20912
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