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Fig. 1 Fig.2

Fig. 1 In the evening, some neurons with sulfated proteoglycans in the adult mouse hippocampal
subiculum are changed into dark neurons (thin arrowheads). Thick arrowheads indicate normal or
clear (light) neurons with sulfated proteoglycans. Cationic iron colloid (pH1.5) and nuclear fast
red stainings. Inset shows that at midnight, almost all neurons with sulfated proteoglycans in the
hippocampal subiculum are changed into dark neurons (thin arrowheads). Thick arrowhead
indicates a clear neuron with sulfated proteoglycans. X 300, Inset: X 120.

Fig. 2 In the morning, almost all neurons with sulfated proteoglycans in the adult mouse hippocampal
subiculum are observed as light neurons (thick arrowheads). Left inset shows that sulfated
progeoglycans surrounding the dark neuron protrude hairy projections (thick arrow), which
indicate the marked widening of the perineuronal tissue spaces. The nucleus (#) and nucleolus
(thin arrow) of this dark neuron are clearly stained. Right inset shows that in the visual cortex,
even the neurons without sulfated proteoglycans are changed into dark neurons (arrows). Thick
and thin arrowheads (see Figure 1). X 270, Left inset: X 800, Right inset:X 150.
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Sleep restores the ratio of dark neurons to light

neurons in the central nervous system
Takuro MuRAKAMI and Aiji OHTSUKA

Seetion of Human Morphology,

Department of Anatomy,
Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. T. Murakami)

Blocks of the hippocampal subiculum, hippocampus, intracerebellar nuclei, cerebellar cortex
and visual cortex were isolated from adult mice in the evening, at midnight or in the next
morning. They were embedded in paraffin, cut into sections, stained with cationic iron colloid
or aldehyde fuchsin and counter-stained with nuclear fast red or carbol-thionin. Specimens
prepared at midnight contained a markedly increased number of dark neurons. In the cerebel-
lar cortex, 50°; or more of Punkinje cells were dark at midnight. The dark neurons, except for
Purkinje cells, were usually provided with extracellular sulfated proteoglycans reactive to
cationic iron colloid or aldehyde fuchsin. The specimens, including those of intracerebellar
nuclei and cerebellar cortex, prepared in the next morning (or when the animals were sleeping)
contained few dark neurons. These findings suggest that the dark neurons are exhausted or
tired cells, which are restored to normal or light cells with sleep (resting of neurons), and that

they are neither poorly fixed nor degenerative cells.



