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GIROUX, M. L., E. MALATYNSKA AND S. C. DILSAVER. Bright light does not alter muscarinic receptor binding parame-
ters. PHARMACOL BIOCHEM BEHAV 38(3) 695-697, 1991. —Seasonal Affective Disorders (SADs) are disorders of mood
characterized by recurrent episodes of illness with a fixed relationship to season. Winter depression is characterized by recurrent
onset of depression in the fall or winter followed by spontaneous recovery in the spring. This syndrome is responsive to treatment
with bright light. The pathophysiology of depressive disorders may involve central muscarinic mechanisms. This possibility led to a
series of physiological studies. The authors now report that contrary to expectation, treatment with bright light did not decrease the
density of muscarinic receptors in either the hypothalamus or striatum.

Affective disorders Bright light Depression

Muscarinic receptors

SEASONAL Affective Disorder (SAD) is characterized by a re-
current disturbance of mood at the same time annually (8). Win-
ter depression is the most widely recognized form of SAD. Daily
treatment with bright artificial light is the standard treatment for
this condition. Factors mediating its efficacy are yet to be estab-
lished.

Research suggests that inappropriate activation of muscarinic
mechanisms partially mediates vulnerability to depressive illness
(4,8). Recent studies indicate that bright light blunts the hypo-
thermic response to the muscarinic agonist oxotremorine in both
the Sprague-Dawley and Flinder’s Sensitivity Line (FSL) (13).
The FSL is endowed with a genetically transmitted supersensitiv-
ity to oxotremorine. The magnitude of the effect of treatment
with bright light is greater in the FSL than the Flinder’s Resistant
Line (FRL). The latter is the FSL’s control line. The FRL and
Sprague-Dawley are difficult to distinguish.

The finding that bright light has a greater effect on the FSL
than the FRL is consistent with our data base. The effect of bright

light is maximized in the Sprague-Dawley by experimentally en-
hancing its responsiveness to oxotremorine as a consequence of
chronic treatment with a muscarinic receptor antagonist or ines-
capable stress (5).

Bright light may affect decreased responsiveness to oxotrem-
orine by altering the density of muscarinic receptors. Lomax and
Jenden (10) demonstrated that the oxotremorine-induced hypo-
thermia is due to its effect on a hypothalamic center. The retino-
hypothalamic pathway provides a link between retinal photoceptors
and the hypothalamus (12). We now report the results of a study
designed to measure the effects of chronic treatment with bright
light during the regular photoperiod on the density and affinity of
hypothalamic and striatal muscarinic receptors.

METHOD

Male Sprague-Dawley rats weighing 200-220 g at the begin-
ning of the study were exposed to 7,400 lux full spectrum bright
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FIG. 1. This illustrates the lack of effect of bright light on muscarinic receptor density and affinity in the rat hypothalamus.

light from 6:00 a.m. to 6:00 p.m. for 7 consecutive days. Con-
trol animals were housed in the same room but were not exposed
to bright light. The animals were sacrificed 12 hours after the last
treatment. Their brains were removed and the striatum and hypo-
thalamus were rapidly dissected on ice. Tissue samples were fro-
zen at —70°C until binding was done.

Specific binding of [*H]-quinuclidinylbenzilate (QNB) to
muscarinic receptors was determined by the rapid filtration method
of Watson et al. (16,17). Ten percent (10%) homogenates were
prepared in 10 mM sodium-potassium-phosphate buffer (8.1 Mm
Na,HPO,, 1.9 Mm KH,PO,; pH 7.4) with a Brinkman polytron
(15 s, setting 5). This was followed by centrifugation for 10 min
at 17,500 X g. The supernatant was discarded and the pellet re-
homogenized in an equal volume of buffer, and recentrifuged.
This was followed by a final homogenation. The pellet was di-
luted with buffer to yield a final homogenate of 1%. Aliquots
(100 pl) of homogenate were added to yield concentrations of
[*H]-QNB of 0.10, 0.20, 0.40, 0.80, 1.20, 1.40, 2.0 and 4.0 nM
in a total volume of 1.0 ml. These concentrations are sufficient
to saturate all QNB binding sites. This mixture was incubated at
37°C for one hour. The assay was terminated by vacuum filtra-
tion over glass fiber filters (Whatman GF/B) using a Brandel cell
harvester. Filters were washed three times with 3 ml of ice-cold
0.9% NaCl and counted in 10 ml of scintillation fluid. Filters
were presoaked in 0.1% aqueous polyethyleneamine to minimize
nonspecific binding to the filter. Specific binding was determined
by the addition of | uM atropine sulfate and was less than 10%.
All assays were done in triplicate.

Data Analysis

The dependent variable in this experiment is the difference in
[*H]-QNB binding to muscarinic receptors as a result of treatment
with bright light. Receptor affinity (K,) and maximum density of
(B,,.x) were determined by a nonlinear curve fitting program,
LIGAND (11). Data were analyzed using one- and two-site bind-
ing models according to the Law of Mass Action.

Data are expressed as sample means =+ the standard error of the
mean (SEM). The Shapiro-Wilk test was used to test for the nor-
mality of the distribution of dependent variables (K, and B_,,,).
The one-way analysis of variance (ANOVA) for independent data
was used to assess significance of a difference between groups.
A power analysis was used to determine the probability of a type
II error (1).

RESULTS
Binding Data Using Hypothalamic Tissue
The Shapiro-Wilk’s test indicated that the B, ,, and K, were

normally distributed. Total muscarinic receptor density (B,,,,) and
receptor affinity (K ) in the hypothalamus of the control group
(N=15) were 2,868 +256 fmol/mg protein and 24.98+2.85
pmol, respectively. B, and K, values in the rats treated with
bright light (N=15) were 3,011+317 fmol/mg protein and
23.05+3.03 pmol, respectively. The means of B,,,, F(28)=
0.12, n.s. and K4, F(28)=1.99, n.s., did not differ between the
control and experimental groups. Correlation coefficients for the
probability plot were .884 and .89 for B_,,, and .928 and .958 for
K, in control and bright light groups, respectively. The power of
the one-way ANOVA used to determine whether B, and K,
differed between groups were 96 and 95%, respectively. Figure
1 pictorially presents the negligible difference in binding param-
eters in hypothalamic tissue between the control and experiment
groups.

Binding Data Using Striatal Tissue

The Shapiro-Wilks test indicated that B, and K, for the
binding of QNB were normally distributed (14). B, and K,
were 8076 * 1478 fmol/mg protein (N = 6) and 35.52 +7.83 pmol,
respectively in striatal tissue of the animals subjected to control
conditions. The corresponding values for B, and K, in striatal
tissue from the light-treated group were 7976 =985 fmol/mg pro-
tein and 37.66 + 8.68 pmol, respectively. The differences in B,,,,,
F(10)=0 and K,, F(10)=0.67, did not differ between groups.
Correlation coefficients for striatal tissue obtained from the con-
trol and bright light-treated groups were .951 and .927 for B, ,,
and .837 and .851 K, respectively. The power of the parametric
test used to determine whether B, and K differed were 96 and
95%, respectively.

Figure 2 illustrates that B_,. and K, are essentially the same
in striatal tissue obtained from the control and bright light-treated
groups.

DISCUSSION

Bright light is the only somatic treatment for depression known
to produce subsensitivity to muscarinic agonists (5). We chose to
measure binding parameters in the hypothalamus because 1) ox-
otremorine-induced hypothermia is mediated via an effect on the
hypothalamus, 2) treatment with bright light attenuates oxotrem-
orine-induced hypothermia or blocks induction of supersensitivity
to the thermic effects of this agonist (5) and 3) there is an ana-
tomic link between retinal photoceptors and the hypothalamus
(12). However, in this particular study, treatment with bright light
did not alter the density of muscarinic receptors or their affinity
for QNB in either the hypothalamus or striatum. These findings
are particularly noteworthy.

The capacity of bright light to alter binding parameters cannot
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FIG. 2. This pictorially illustrates the lack of effect of treatment with bright light on muscarinic receptor density and affinity in rat striatum.

be categorically ruled out by our data. Some effects of bright
light in the rat are contingent on the producing phase shifts (5).
Treatment with bright light during the regular photoperiod does
not produce such a shift in circadian phase. Receptor alterations
cannot be ruled out at this time.

Methods of measuring binding parameters may also be criti-
cal. The homogenate binding technique used in this study detects
an overall difference between regions tested or treatment condi-
tions. The hypothalamus and the striatum are not homogeneous
entities. Differences within specific foci in these structures may
be masked by this technique. Receptor autoradiography may prove
to be more sensitive in detecting regional differences in receptor
level or affinity within a structure (9). Autoradiography also pre-
sents the advantage of simultaneously measuring differences in
binding parameters in many brain areas. Muscarinic receptors are
also heterogeneous and are divided into subtypes (15-18). Utiliz-

ing a muscarinic receptor antagonist, [*H]-pirenzepine (PZ), au-
toradiography and homogenate binding studies (15,16) identified
a distribution of binding sites representing a subpopulation of
[*H]-QNB binding sites. This subpopulation corresponds to the
M1 receptor subtype. It is possible that more selective ligands,
such as PZ, may yield differences not found with [*H]-QNB.

The negative finding reported here may be more interesting
than the positive result we anticipated. Changes in physiological
measures may be mediated without changes in receptor binding
parameters. Presynaptic events (such as change in the sensitivity
of autoreceptors) (4), mechanisms coupling receptor and second
messenger or alteration in the generation or efficacy of second
messenger (3, 4, 6, 7) changes in the physico-chemical proper-
ties of neuronal membranes (2) and alterations in the functional
properties of ion channels are possible means through which bright
light may act upon muscarinic cholinergic systems.
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