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The hypothalamic suprachiasmatic nuclei (SCN) of mammals function as a pacemaker driving circadian rhythms. This pacemaker is
entrained to the daily light—dark cycle in the environment via the retina and central retinal projections to the anterior hypothalamus.
We carried out a comparative study of the visual properties of rat and hamster SCN neurons. Extracellular single cell activity was re-
corded in the SCN of urethane-anaesthetized animals. In both species, visual SCN neurons responded to retinal illumination with a
sustained increase or a sustained decrease in electrical discharge. The majority (75%) of these cells were activated by light. In both the
rat and the hamster SCN, visually responsive cells altered their discharge rate as a monotonic function of luminance. The intensity—
response curve could be described by a Michaelis function with a small working range between threshold and saturation (2-3 log units)
and a relatively high threshold. Intensity—response curves in both species were occasionally different for increasing as opposed to de-
creasing luminance. Thus, hysteresis effects of illumination may occur in the SCN. The spontaneous firing rates as well as the respon-
siveness of visual SCN cells were subject to marked variations between and within cells. The overall photic responsiveness of SCN
neurons, however, indicated that they are specialized for luminance coding in the range of light intensities naturally occurring at dawn
and dusk. This property makes these cells suitable to mediate photic entrainment of circadian rhythms as well as the measurement of
photoperiod.

INTRODUCTION critically dependent on light. The SCN receive photic

Lesion studies have indicated that the suprachias-
matic nuclei (SCN) of the hypothalamus are impor-
tant for the production of many circadian rhythms in
mammalian species®>**. In rodents, there is addition-
al evidence that the SCN in fact comprise a circadian
pacemaker'®2*, This pacemaker is intrinsically capa-
ble of sustaining circadian rhythmicity!*?* and con-
trols the circadian aspect of many behavioral and
physiological processes®*-¥'. Moreover, the SCN
are essential for photoperiodic aspects of seasonal
rhythms through the control of pineal melatonin pro-
duction*10283335 The SCN pacemaker also partici-
pates in timing the ovulation cycle in rodents®**, For
their proper timing all these biological rhythms are

information from the environment via the retina!*2%
2.21.29.3042  This retinal projection permits the SCN
pacemaker to entrain to the daily light—dark (LD)
cycle and to measure the daily photoperiod!>2324.3,
Two retino-suprachiasmatic pathways exist by
which light affects the SCN pacemaker. A retino-hy-
pothalamic tract (RHT) terminates directly in the
SCN?31:2627.29.30 and an indirect projection reaches
the SCN via the ventral lateral geniculate nucleus
(VLGN)>6:13:.19.22303440 The vLGN receives a retinal
input!®2? while vLGN cells in the terminal field of the
retinal fibers project with neuropeptide Y-containing
axons to the SCN3-71930:34 " Although definitive evi-
dence that this retino-geniculo-suprachiasmatic pro-
jection carries photic information to the SCN is still

* This manuscript was completed shortly before the death of Gerard Groos on March 25, 1985. His co-authors dedicate this paper to

the memory of a close friend and colleague.

Correspondence: J.H. Meijer, Department of Physiology and Physiological Physics, University of Leiden, Wassenaarseweg 62, Lei-

den, The Netherlands.

0006-8993/86/$03.50 © 1986 Elsevier Science Publishers B.V. (Biomedical Division)



110

lacking, there are strong indications that it is indeed a
photic pathway!>!>!7-35  The visual responsiveness
of the SCN has been demonstrated by single and mul-
tiple-unit recordings'>16:1823.24.28.38 1, the rat and cat
SCN, two types of visually responsive cells have been
found. Ligh-activated cells respond to a stepwise in-
crease in illumination with a sustained increase in
their discharge rate whereas light-suppressed cells
respond with a sustained decrease in electrical activi-
ty!*1¢. Both response types are also observed in the
SCN following electrical stimulation of the optic
nerve38.39.

Most information concerning the visual properties
of SCN cells stems from the rat. The hamster, howev-
er, has most often been chosen for investigation of
the functional properties of the circadian pacemaker
and, in particular, the light-dependence of pacemak-
er function®#- 11313241 "Thys a phase response curve
for single light pulses has been measured most pre-
cisely in the hamster®*2*! and phase-dependent shifts
in free-running activity rhythms to dark pulses have
been reported®!!. The relation of phase-shifting be-
havior to entrainment by LD cycles, to tonic stimula-
tion with light and to photo-periodism have also been
studied extensively in the hamster®1*-31.

The circadian system appears to be sensitive to the
intensity of light exposure, as well as to its duration.
Following presentation of a light pulse, the magni-
tude of the phase-shifts and the amount of melatonin
suppression induced are a function of the magnitude
of the light stimulus***#!. These studies suggest that
the visual system of the SCN functions as a luminance
detector. We have therefore undertaken an electro-
physiological study of light-responsive SCN cells in
urethane-anaesthetized rats and hamsters to docu-
ment the luminance coding properties of this system.
This study shows that the visual properties of the rat
SCN that specialize it for luminance coding are also
present in the SCN of the hamster.

MATERIALS AND METHODS

Animals

One series of experiments was performed on 19
male hamsters (Mesocricetus auratus; 1.GV:lak, pur-
chased from Charles River Lakeview, Lakefield, NJ,
U.S.A.) weighing 90-155 g. The hamsters were kept
in an artificial photoperiod of 14 h of light (100-140

lux) daily to ensure a functional testicular state. In
another experimental series, 37 male Wistar rats
(Cpb:WU, TNO, Zeist, The Netherlands) were used
with body weights ranging from 280 to 360 g. The rats
were housed in a lighting regimen of 12 h of light
(100-150 lux) alternating with 12 h of darkness.

Hamster experiments

Before surgery, hamsters, taken from either the
light or the dark portion of the light—dark cycle, were
anaesthetized by a series of small i.p. injections of a
20% urethane solution (total initial dose: 2 g-kg™!).
In addition, the animals received a s.c. injection of
atropine sulphate (0.04 mg). Small, supplementary
doses of urethane were administered as necessary to
maintain anaesthesia throughout the 6—13 h record-
ing period. The hamsters were mounted in a stereo-
taxic instrument with the upper incisor bar 2 mm be-
low the interaural line and cranial surgery was per-
formed. A craniotomy was made to allow vertical
lowering of a microelectrode into the suprachiasmat-
ic region of the hypothalamus. The stereotaxic coor-
dinates of the SCN were: 0.7 £ 0.5 mm anterior to
bregma, 7.5 £ 0.5 mm ventral to the cortical surface
and 0.1 = 0.1 mm lateral to the midline. Rectal tem-
perature was monitored continuously and main-
tained at 37 °C. Extracellular single neuron activity
was recorded in and near the hamster SCN with plati-
num-iridium or tungsten electrodes with a 1-3 um tip
and an impedance of 1.0-1.7 MQ at 1 kHz. The verti-
cal movement of the microelectrode was controlled
by a hydraulic or a stepmotor-controlied micromani-
pulator. At the end of the experiment the last electro-
de track was marked with electrolytic microlesions (6
uA current for 15 s) spaced at equal distances along
the length of the track.

For photic stimulation a tungsten incandescent
lamp was used as the light source. A collimated light
bundle was passed through a glass fiber light guide.
Infrared wavelengths were eliminated using an in-
frared stepfilter. The pattern and intensity of ocular
illumination was regulated using an electronic shut-
ter and neutral density filters. In the majority of ex-
periments, whole-field retinal illumination of the left
eye was used, while the right eye was occluded. The
pupil of the left eye was maximally dilated with a 1%
atropine sulphate solution. In the absence of visual
stimulation the hamster was in complete darkness.



The eyes and exposed brain surface were protected
by a coating of mineral oil.

Rat experiments

Rats were anaesthetized at various phases of the
light—dark cycle with a combination of urethane (0.4
g'kg’!, i.p.) and hypnorm (Philips-Duphar, 1
ml-kg™!, i.p.). Additional urethane and hypnorm
were administered throughout the experiment as re-
quired for stable narcosis. Surgery was supported
with local anaesthesia. Electrical recording and visu-
al stimulation techniques were as described previous-
ly'>16, Briefly, a glass micropipette recording elec-
trode (3 M KCl with 2% pontamine sky blue, tip
diameter 0.4-0.8 um) was positioned in the supra-
chiasmatic region. Parallel tracks were made through
the suprachiasmatic area and the optic chiasm using
an hydraulic microdrive. The last track of each expe-
riment was marked with pontamine sky blue micro-
ionophoresis. Either an electronically controlled
glow modulation tube (Sylvania, R1131C) or a
tungsten incandescent lamp was used for photic stim-
ulation. In the latter case the light intensity was con-
trolled with calibrated neutral density filters, while
the pattern of stimulation was controlled with an
electronic shutter. Light was directed to one eye
(with the contralateral eye occluded) via a glass fiber
light guide. The entire retina could thus be illumi-
nated with spatially unstructured white light. The pu-
pil of the illuminated eye was dilated with 1% atro-
pine sulphate and the cornea was slowly superfused
with saline.

Electrical recording and histology

Conventional amplification and processing tech-
niques for extracellular single unit recording were
used. Action potentials were converted to electronic
pulses with a window discriminator and stored in a
PDP 11/10 or an Apple computer, which also con-
trolled the stimulation protocol. Light pulses ranging
in length from less than 1 s up to 1.5 h were used, but
most cells were tested using pulses varying in length
from 10 s to 120 s. Apparent visual responses to brief-
er stimuli were always confirmed using 60- or 120-s
long stimuli. Very short stimuli were used primarily
to test for response latencies in cells already identi-
fied as visually responsive (Fig. 3). Cells were only
identified as visually responsive when they met the
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criterion of showing a repeatable and consistent re-
sponse to light on at least 4 consecutive trials. Spike
train statistics and post-stimulus time histograms
(PSTH) were computed on-line and processed fur-
ther off-line. After marking the electrode track, the
brains of the animals were perfused with formaline,
sectioned coronally, and stained with cresyl-violet/
luxol fast blue for microscopic reconstruction of the
recording sites.

RESULTS
Tonic activation and suppression by light

In 37 rats a total of 543 cells were studied in the ret-
rochiasmatic area and the portion of the anterior hy-
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Fig. 1. Tonic activation and tonic suppression of electrical ac-
tivity in the rat and hamster SCN. Light-suppression (A, C) and
light-activation (B, D) are shown for individual neurons re-
corded in the rat (A, B) and hamster (C, D) SCN. The photic
stimulus, indicated above the records, is presented against a
dark background. The electrical activity of C and D is the mean
activity of two sweeps. Spikes were counted every 10s.
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pothalamus overlying the optic chiasm. Light micro- tion of all activity until the light was turned off. Ex-
scopic examination of the recording sites showed that amples of both types of response are shown in Fig. 1.
of these neurons 205 were located in the SCN (in- The majority of these neurons were encountered in
cluding a region approximately 100 um dorsal and the caudal half of the SCN.
lateral to the boundaries of the nucleus proper), the Of 219 cells recorded in the ventromedial region of
dorsal part of the chiasm ventral to the SCN, or in the the anterior hypothalamus in 19 hamsters, 50 were
rostral half of the retrochiasmatic area. In the follow- located within the SCN. Nineteen cells (38%) were
ing discussion these cells are referred to as SCN cells. visually responsive. These cells were recorded pre-
Of the rat SCN cells, 32% exhibited distinct visual dominantly in the dorsal, lateral and ventral aspects
responses. Twenty-seven percent of visual SCN cells of the SCN. One visual cell, however, was encoun-
were classified as light-suppressed and 73% as light- tered 150 um dorsal to the SCN and 4 visual cells
activated, according to response features described were located 40-200 um rostral to the SCN. Three of
in detail elsewhere'>!®. Briefly, the activated cells these 4 cells were embedded in the optic chiasm (Fig.
maintained increased mean discharge rates for the 2). All visual cells in the hamster responded to light in
entire duration (exceeding 1 h in some rat experi- a tonic on or tonic off fashion and, following the clas-
ments) of suprathreshold retinal illumination. Sup- sification used for visual SCN cells in the rat, they
pressed cells responded with a sustained decrease in were characterized as activated and suppressed cells
electrical discharge, sometimes with complete cessa- respectively (Fig. 1). Activated cells in the hamster
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Fig. 2. Localization of light-responsive neurons in the hamster suprachiasmatic region. Visual cells of both the activated (triangles)
and the suppressed (squares) types were encountered at various levels along the rostro-caudal axis (A-~E). The circles mark the loca-
tion of visually unresponsive cells. Cells are marked to the left of the third ventricle.



maintained an increased firing rate while the stimulus
was on and suppressed cells responded oppositely.
The activated cells were more common than the sup-
pressed cells. Only 3 cells (16%) were suppressed
while 16 (84%) were activated by light. Thus, the ra-
tios of suppressed to activated visual cells in the su-
prachiasmatic region were 0.37 and 0.19 for the rat
and hamster, respectively. In the hamster the 3 sup-
pressed neurons were at the dorsal SCN border, but
it would be premature to conclude that a regional dif-
ferentiation of response exists. In the rat, both re-
sponse types could be found in cells located close to
one another.

Brief light stimuli (duration < 5 s) did not always
evoke a full response in cells that were clearly re-
sponsive to longer light exposures. For instance,
using a suprathreshold (540 lux) flash of 500 ms dura-
tion, one light-activated neuron in the rat SCN re-
quired 100 stimulus presentations to allow detection
of a visual response in the PSTH. A 2 min light pulse
of the same intensity produced a clearly distinguisha-
ble response in this cell with only one stimulus pres-
entation. The fact that dark discharge rates of visual
cells in either species could be as low as 2.5 min™!
contributed to the need for long light pulses to permit
recognition of a visual response. Although the light-
induced changes in firing rate may be small, the rela-
tive increase or decrease in firing rate was always
considerable.

Dark discharge, response variability and circadian
time

Activated as well as suppressed cells showed a va-
riety of response patterns. Differences between
PSTHs were especially apparent at the onset and end
of a light pulse. First, the response latency of visual
cells in the hamster varied from less than 400 ms to 10
s, response latencies of less than 1 s being most com-
mon. In the rat SCN, the visual response was occasio-
nally detectable within 100 ms after light onset but
most commonly developed fully between 200 ms and
20 s after the beginning of stimulation. Fig. 3 shows
PSTHs to brief (less than 1 s) photic stimuli that illus-
trate typical response latencies in the rat SCN. Sec-
ond, a transient component preceded the sustained
response in 11 activated cells in hamsters. In this spe-
cies the duration of this transient initial phase varied
from 10 to 80 s (mean: 38.2 * 18.9 s). A much shorter
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Fig. 3. PSTHs for a light-activated (A, B) and a light-sup-
pressed (C, D) SCN cell in the rat. The cells were stimulated
with brief light pulses, indicated below the records, against a
dark background.

1000 ms

transient of less than 400 ms preceded the longer
transient in all responsive hamster cells located in or
on the border of the chiasm (Fig. 4). In the SCN of
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Fig. 4. An example of the transient components preceding the
sustained response in an activated cell in the hamster. In the
same figure, the response to different light intensities is illus-
trated. The continuous line represents the response to a light
pulse with a duration of 2 min and a light intensity of 14-10° lux,
the broken line the response to 61-10° lux and the dotted line is
the discharge rate in continuous darkness. The responses pre-
sented are the mean of two sweeps (4 min per sweep) while
spikes were counted every 10s.
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the rat, brief transients in the photic response were
very rare (cf. ref. 16). The great majority of cells at-
tained their steady state light-adapted discharge gra-
dually. Neither in the rat nor in the hamster were
transients encountered in light-suppressed cells.
Third, in both species the discharge of visual SCN
cells returned to a dark-adapted level at a variable
rate within 1 min of the end of stimulation.

Although the general characteristics of the PSTHs
varied considerably among different cells, for any
particular neuron they were virtually constant. In the
hamster, however, 4 cells which were studied for
periods of several hours displayed prominent sponta-
neous fluctuations in their discharge rates. A maxi-
mum of 20-fold changes in the spontaneous discharge
rate were observed. The absolute amplitude of sup-
pression and activation elicited by a pulse of light var-
ied accordingly (Fig. 5A). An increase in the sponta-
neous discharge rate always resulted in an increase in
the absolute magnitude of activation or suppression.
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Fig. 5. Variability in absolute photic response magnitude in
hamster (A) and rat (B, C) SCN cells. Records A and B show
repeated samples from two light-suppressed cells. A light-acti-
vated cell is shown in C.

The relative magnitude of the visual response was
not constant but varied unpredictably with the over-
all discharge rate. Similar observations were made
for visual cells in the rat SCN (Fig. 5B). Just over half
of those light-responsive cells in the rat which were
studied for periods exceeding 1 h exhibited slow vari-
ations in the dark discharge rate with a concomitant
variation in absolute photic responsiveness. Despite
these fluctuations, the general response pattern
(characterized by latency, duration of the transient
component and rate of dark adaptation of the cell)
remained stable in each cell. It should be emphasized
that the variations in spontaneous electrical dis-
charge and in response magnitude occurred within
periods of a few hours. Thus, the variability in visual
responsiveness described here was not a result of the
circadian pacemaker cycle of the SCN.

The occurrence of suppression or activation was
not obviously related to the phase of the LD cycle to
which the animals had been exposed before the expe-
riment. Either type of visually responsive cell could
be found at any phase of the circadian cycle.

Intensity~response curves and hysteresis

Intensity-response curves were obtained by plot-
ting the mean discharge rate as a function of the in-
tensity of the adaptation luminance. Intensity-res-
ponse curves were obtained in two different ways.
First, single light-pulses of different intensities were
presented after the eye had been dark-adapted for at
least 2 min. The mean steady-state discharge rate
was then recorded as a function of luminance. Sec-
ond, intensity—response curves were plotted for con-
tinuously increasing or decreasing illumination (Fig.
1A) or for a series of ascending or descending steps of
light intensity (Fig. 8). Intensity-response functions
were obtained in the hamster only for activated cells
because the overall discharge rates of the suppressed
cells were too low to meaningfully describe the inten-
sity-dependence of the response. Luminance-res-
ponse curves were measured for both response types
in the rat.

In both species the intensity—response curve of ac-
tivated cells was characterized by a monotonic in-
crease in discharge rate as a function of luminance,
irrespective of the method employed to obtain the
curves. A threshold existed for low levels of illumina-
tion and below this value luminance-dependent activ-



ity could not be distinguished. Above the threshold
the cells had a working range within which the dis-
charge increased until saturation was reached at light
intensities of approximately 2-3 log units above
threshold (Fig. 6). In some of the rat SCN cells satu-
ration was not observed even at the highest intensi-
ties (800 lux) that could be presented. The threshold
and saturation points in both species were rather con-
stant for a particular visual SCN cell but differed
among cells. The mean standardized intensity—res-
ponse curve for various hamster SCN cells was com-
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Fig. 6. Examples of luminance-dependent electrical activity of
light-activated cells in the hamster (A), and a rat (B) and a
light-suppressed cell in the rat (C). For these intensity—res-
ponse curves the steady-state mean discharge rate during light-
pulse stimulation of different intensities (defined as the mean
discharge rate 60 s after onset of the light pulse) was corrected
for the dark discharge rate (the mean discharge rate prior to the
onset and 100 s after ofset of the light pulse) and subsequently
normalized with respect to the maximal response. Each curve
could be fitted by a Michaelis function with Hill coefficients
ranging from 0.6 to 0.9.
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puted by correcting for the mean dark discharge rate
of each cell and subsequently normalizing the lumi-
nance-dependent discharge (Fig. 7). This average
curve exhibited the same general features as curves
for individual cells. The intensity-response curve
can be readily described by a Michaelis function (Fig.
7). Similar functions were obtained for the monotoni-
cally decreasing curve observed for light-suppressed
cells in the rat SCN.

Both gradual and step changes in light-intensity
yielded similar, monotonic, intensity-response
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Fig. 7. Average intensity—response curves for several light-ac-
tivated cells in the hamster. The mean of various measure-
ments at any light intensity is presented with the standard error
of the mean. The curve in A is composed for light-activated
cells, including those few located just rostrally to the SCN. The
curve in B represents only those cells that were located strictly
within the boundaries of the SCN. The curves fitted are based
on Michaelis functions. As in Fig. 5 the dark discharge rate is
subtracted from the steady-state discharge rate at any light in-
tensity. Next, the maximum corrected response is normalized
to one.
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Fig. 8. Hysteresis in intensity—response functions for 2 (B,C) out of light-activated SCN cells in the hamster. The records of electrical
activity are shown in the upper row of panels. The staircase stimulus protocol is shown immediately underneath the records. Intensi-
ty—response curves corresponding to the records are shown below. D indicates the state of complete dark adaptation. In A, the dis-
charge rate was counted every 1.2 s while the mean discharge rate and the standard error of the mean are computed every minute. In
B, the mean and the standard error are computed every 59.4 s over 33 data units. In C, the discharge rate was counted every 1/3 minute

in the upper panel and every minute in the lower panel.

curves, exhibiting threshold and saturation behavior.
For some cells in both species, however, the intensi-
ty~response curve for increasing luminance was
slightly different in curvature and position along the
intensity axis from that for decreasing luminance
(Fig. 8). Thus, the luminance-dependent discharge
rate of these cells was affected by the previous adap-
tation level. This phenomenon shows that hysteresis
may occur in the light-intensity coding of visual SCN
cells.

DISCUSSION

The circadian pacemaker in the rodent SCN re-
ceives a dual optic input!*3, It has previously been
shown for the rat and the cat that photic information
reaching the SCN through these pathways results in
activation or suppression of the electrical activity of
visually responsive neurons'>1623242838 The pres-
ent experiments extend this observation to the SCN
of the hamster, an animal which has been the subject
of many investigations of the functional organization
of photic entrainment and photoperiodic time mea-
surement. In particular, it was shown that in the SCN

of the hamster as well as the rat, visual cells function
as luminance coders, whose mean discharge rate re-
flects the level of overall ambient illumination within
a restricted range of light intensities. The depen-
dence of their discharge on the history of previous il-
lumination is reflected in the hysteresis often ob-
served in the intensity-response curve. Together,
these properties render visual SCN neurons suitable
for detecting the transitions in environmental illumi-
nation at dawn and dusk and for monitoring the level
of maintained external illumination. Behavioral
studies have indicated that these features of the phot-
ic environment are of primary importance for the
control of the circadian pacemaker and photoperiod-
ic clock in the rodent SCN?10:31:41

In both the rat and the hamster SCN, the terminal
fields of afferents from the retina and the vLGN
overlap to a large extent’~721:27:303440  Moreover,
the RHT is known to terminate in areas rostral and
dorsal to the SCN*® where neuropeptide Y-like im-
munoreactivity is also seen®"°. Cells receiving reti-
nal input have been found embedded in the optic
chiasm adjacent to the SCN?. Thus, the histological
reconstruction of the location of rat and hamster vis-



ual cells (Fig. 2) indicates a good agreement with the
known termination of the direct and indirect visual
afferents of the SCN. In the rat, the predominant
presence of visual cells in the caudal portion of the
SCN is consistent with the neuroanatomical find-
ing821'27.

Unfortunately, the common terminal fields of the
RHT and the vLGN-SCN projection prohibit any in-
ference from the anatomical location of a recording
site as to whether a particular SCN cell is driven
through the vLGN pathway, the RHT or through
both. Neither can the identity of the relevant path-
way be established from characteristic response la-
tencies. The latencies found in this study far exceed
those expected on the basis of conduction times and
synaptic transmission delays. Previous experiments
have demonstrated that suppressed and activated
cells are each present in the SCN of optic tract- or
vLGN-ablated rats!*151738  Moreover, excitatory
and inhibitory responses to electrical stimulation of
the optic nerve or optic chiasm are observed in in vit-
ro slice preparations of the rat SCN*, Thus, activa-
tion and suppression can both be mediated by the
RHT and, hence, in intact animals the response type
is not indicative of which optic input drives a partic-
ular SCN cell.

Marked variability was noted in the photic respon-
siveness of cells in the SCN of hamsters and rats.
There was considerable variation in the temporal
pattern of response to a light pulse both within and
between cells. Short-term fluctuations in the absolute
magnitude of the response to various light intensities
were similarly present. This variability may conceiv-
ably restrict reliable processing of visual information
by the circadian pacemaker in the SCN. However,
when the standardized intensity—response curves of
a number of cells are averaged, it appears that to-
gether these cells are capable of a rather precise rep-
resentation of the level of ambient illumination (Fig.
7). Whether this type of response integration is actu-
ally employed by the SCN is unknown. In view of the
high degree of interconnectivity of the SCN*? the no-
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tion of visual response integration is at least viable.

Despite differences in response pattern and re-
sponse magnitude among cells, the same general
functional characteristics are encountered. In both
species visual SCN cells exhibit a threshold above
which the discharge rate increases (activation) or de-
creases (suppression) monotonically as a function of
light intensity, and the responses of most cells satu-
rate at higher levels of illumination. The response
threshold in anaesthetized animals (approximately 1
lux in the hamster and 0.1 lux in the rat SCN) is high
compared with the threshold for scotopic vision in
nocturnal rodents?®. The working range of these
cells, moreover, is narrow compared to the wide
range of naturally occurring light intensities
(4-1073-10° lux)'2.

Fluctuations in illumination level below threshold
and above the saturation point do not provide infor-
mation to the SCN pacemaker. Visual SCN cells ap-
pear to be specialized to monitor changes in moder-
ate light intensities such as those that occur during
the dusk and dawn transitions. Furthermore, they
are capable of coding the absolute level of constant il-
lumination only within a limited range of intensities
approximately 3 log units above threshold. This in-
terpretation of the present data will depend on the
observation in alert animals of intensity—response
functions in SCN units that resemble those in ure-
thane-anaesthetized animals. The high threshold and
narrow working range are at least consistent with
functional studies of the phase-shifting effectiveness
of light in alert hamsters*!.
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