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WKY rats have abnormally increased REM sleep that is 
suppressed by ketamine but not by SSRIs
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12 h for each signal, respectively, and removed these epochs
from further analysis. The automatically removed artefacts were
primarily epochs close to epochs that had been removed by the
manually set threshold. After removal of epochs with artefacts,
every 12-s epoch was assigned to one of the three vigilance states
based on the relationship between the rectified and integrated

signal of the EEG and EMG traces for each epoch. If the rectified
and integrated EEG signal in a single epoch was larger than the
average rectified and integrated signal of all artefact free epochs
over 12 h multiplied by a constant (k) for each individual rat, the
epoch was labelled as ‘large’ and if the epoch was smaller than
the average, the epoch was labelled ‘small’. The value of the
constant was determined as described below. The same
calculations were made for all EMG epochs except for that each
EMG epoch was labelled large if each epoch was larger than the
average of all EMG epochs. In short, if the EEG in a specific
epoch was determined to be ‘large’ and the corresponding EMG
was labelled ‘small’ that epoch was classified as NREM, if both
EEG and EMG in an epoch were ‘small’ the epoch was classified
as REM and finally if the EEG in an epoch was ‘small’ and the
EMG was ‘large’ then that epoch was classified as WAKE. If
both EEG and EMG were classified as ‘large’ that epoch was
also classified as WAKE since it was assumed that large EMG

Table 1
Kappa statistics and k

k Kappa

0.80 0.70
0.85 0.77
0.90 0.80
0.95 0.78
1.00 0.76

Effect of different values of the constant (k) and the level of agreement with
visual analysis as measured my Cohen's kappa statistics. Kappa values show the
median, n=7.

Fig. 2. WAKE, NREM, REM and core body temperature circadian rhythms under baseline conditions. The bars along the x-axis indicate when light is on/off. WKY
rats n=6; Sprague–Dawley rats (SD) n=9. The four variables are plotted as mean±S.E.M. across 3 days. The inset shows a direct comparison of the amount of time
spent in REM sleep in WKY and Sprague–Dawley rats over 20 h. Statistical analysis—two-way repeated ANOVA with Dunnett's post hoc test. Significance level
Pb0.05.
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(S.E.M.±11.7; n=8) decrease in REM sleep measured over the
first 6 h after dosing/light onset and a 72 min (S.E.M.±26.7;
n=8) increase in REM latency. However desipramine had no
significant effect on the amount of REM sleep or REM latency
in WKY rats.

3.4. Fluoxetine

Fluoxetine is currently the most prescribed antidepressant
and is classified as an SSRI even though it has been shown to be

slightly less selective for 5-hydoxytryptamine (5-HT) over
noradrenaline and dopamine compared to other SSRIs (Cusack
et al., 1994). The hourly effects of an acute dose of fluoxetine
(10 mg/kg) on the amount of REM sleep and REM latency in
both Sprague–Dawley and WKY rats are shown in Fig. 4.
Fluoxetine causes a significant 42.3% (S.E.M.±6.1; n=6)
decrease in REM sleep in Sprague–Dawley rats (measured over
6 h) and a significant increase in REM latency (22 min S.E.M.
±6.9; n=6). However neither the amount of REM sleep nor the
REM latency in WKY rats was affected by acute fluoxetine
administration (Fig 2).

3.5. Citalopram

Citalopram has been shown to be the most 5-HT selective
of all the SSRIs available and was therefore tested at two
doses—a dose that has been shown to have an effect in vivo
(10 mg/kg) and a higher dose (40 mg/kg) to test whether
WKY would respond to an SSRI (Neckelmann et al., 1996;
Pollier et al., 2000). In Sprague–Dawley rats, 10 and 40 mg/
kg citalopram caused a 34.7% (S.E.M.±9.1; n=5) and
50.0% (S.E.M.±8.5; n=5) decrease in REM sleep over the
first 6 h after dosing/light onset, respectively. REM latency
was also significantly delayed with 63 (S.E.M.±17.2; n=5)
and 146 min (S.E.M.±44; n=5) with 10 and 40 mg/kg
citalopram, respectively. In WKY rats the lower dose of
citalopram caused a non-significant trend towards decreasing
the amount of REM sleep (25.8% S.E.M.±8.3; P=0.08
paired two-tailed Student's t-test; n=6) without any significant
effect on REM latency. The high dose of citalopram (40 mg/
kg) caused a significant 46.7% (S.E.M.±9.0; n=5) decrease
in REM sleep (measured over 6 h), but no effect on REM
latency (Fig. 5).

Fig. 4. Fluoxetine and REM suppression. Effect of fluoxetine (10 mg/kg) on
REM sleep and REM onset latency in Sprague–Dawley and WKY rats. (A)
Sprague–Dawley rats—fluoxetine causes a significant suppression of REM
sleep and a significant increase in REM onset latency. (B) WKY rats—
fluoxetine has no significant effect on REM sleep or REM latency. Values are
hourly means±S.E.M. over the first 6 h of the light phase, n=6. *Pb0.05.

Fig. 5. Citalopram and REM suppression. Effect of citalopram (10 or 40 mg/kg) on REM sleep in Sprague–Dawley and WKY rats. (A) Sprague–Dawley rats—
citalopram (10 mg/kg) causes a significant suppression of REM sleep over the 6 h and a significant increase in REM latency. (B) WKY rats—citalopram (10 mg/kg)
shows a trend towards suppressing REM, but has no effect on REM latency. (C) Sprague–Dawley rats—citalopram (40 mg/kg) cause a significant suppression of REM
and a significant increase in REM latency. (D) WKY rats—citalopram (40 mg/kg) significantly suppresses REM sleep in WKY rats and shows a trend towards
increasing REM latency. Values are hourly means±S.E.M. over the first 6 h of the light phase, n=5. *Pb0.05.
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Sleep-wake behavior was recorded in SD and WKY rats 
after vehicle and psilocybin treatment

NR - NREM sleep, R – REM sleep, W - wakefulness

EEG

EMG

Test Article Dose level Dose Volume, 

Route

N

Vehicle* N.A. 3 ml/kg, i.p. 8 SD / 8 WKY

Psilocybin 1 mg/kg 3 ml/kg, i.p. 8 SD / 8 WKY

Psilocybin 3 mg/kg 3 ml/kg, i.p. 8 SD / 8 WKY

Psilocybin 10 mg/kg 3 ml/kg, i.p. 8 SD / 8 WKY

*Saline

DSI

Spike2/SleepSign

F
-P

 E
E

G

+ EMG
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Psilocybin suppressed REM sleep in SD rats without 
affecting wakefulness or NREM sleep

*p < 0.05 vs Vehicle treatment (Dunnett post-test)
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Psilocybin effectively and selectively suppressed REM 
sleep in WKY rats

*p < 0.05 vs Vehicle treatment (Dunnett post-test)
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Psilocybin suppressed EEG gamma oscillations during 
wakefulness in SD rats

*p < 0.05 vs Vehicle treatment (Dunnett post-test)
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Conclusions

• Suppression of REM sleep by antidepressants is one of the 
most consistent findings in patients with depression.

• Therefore, the decreased amount of REM sleep after 
psilocybin treatment could indicate antidepressant-like 
properties of the drug in WKY rats.

• Changes in REM sleep in WKY rats may serve as a key 
translational tool in an effort to discover novel therapeutics 
against TRD.
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