Comparative Study of Tricyclic and Tetracyclic
Antidepressants on the Sleep-Wakefulness Cycle
after Chronic Administration in Cats and Plasma
Concentrations of Antidepressant Drugs
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Fig.1. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of saline
(NaCl 1 mg/kg) in cats. The results of 5 experiments are
summarized in one diagram. The arrow (| ) indicates the
injection of drug. Abbreviations for this and following
illusrations : W, wakefulness; D, drowsiness; S, spindling
and slow-wave sleep; P, paradoxical sleep.
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Fig.2. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of imipram-
ine (1 mg/kg) following 6 times at 24 hr intervals
subcutaneous injection of the drug (1 mg/kg) in cats.
The results of 5 experiments are summarized in one
diagram. The arrow (|) indicates the injection of drug.
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Fig.3. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of desipra-
mine (1 mg/kg) following 6 times at 24 hr intervals
subcutaneous injection of the drug (I mg/kg) in cats.
The results of 5 experiments are summarized in- one
diagram. The arrow (! ) indicates the injection of drug.
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Fig. 4. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of amitrip-
tyline (I mg/kg) following 6 times at 24 hr intervals
subcutaneous injection of the drug (I mg/kg) in cats.
The results of 5 experiments are summarized in one
diagram. The arrow () indicates the injection of drug.
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Fig.5. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of clomipr-
amine (1 mg/kg) following 6 times at 24 hr intervals
subcutaneous injection of the drug (I mg/kg) in cats.
The results of 5 experiments are summarized in one

diagram. The arrow (| ) indicates the injection of drug.
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Fig.6. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of maproti-
line (1 mg/kg) following 6 times at 24 hr intervals
subcutaneous injection of the drug (1 mg/kg) in cats.
The results of 5 experiments are summarized in one
diagram. The arrow (| ) indicates the injection of drug.
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Fig. 7. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of mianser-
in (1 mg/kg) following 6 times at 24 hr intervals subcuta-
neous injection of the drug (I mg/kg) in cats. The results
of 5 experiments are summarized in one diagram. The
arrow (| ) indicates the injection of drug.
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Fig.8. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of sulpiride
(3 mg/kg) following 6 times at 24 hr intervals subcutane-
ous injection of the drug (3 mg/kg) in cats. The results
of 5 experiments are summarized in one diagram. The
arrow (|) indicates the injection of drug.
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Time before or after the administration of saline
Fig. 9. Analysis of sleep-wakefulness cycle in acute
administration of saline (NaCl 1 mg/kg). Saline was
injected intravenously. Symbols for this and following
illustrations: [J, wakefulness; 74, drowsiness; [Ill ,
spindling and slow-wave sleep; §#, paradoxical sleep.
Vertical bars indicate mean£S.D. (n=32).
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Fig.10. Analysis of sleep-wakefulness cycle in chronic
administration of imipramine (1 mg/kg). Imipramine was
injected subcutaneously 6 times at 24 hr intervals and then
intravenously one time 24 hr after the last subcutaneous
injection (n=6). Vertical bars indicate mean+S.D.. *,
p<0.05; #%, p<0.01 vs. every 2 hr before and after the
intravenous injection of saline (NaCl 1 mg/kg) respectively.
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Fig.11. Analysis of sleep-wakefulness cycle in chronic
administration of desipramine (1 mg/kg). Desipramine was
injected subcutaneously 6 times at 24 hr intervals and then
intravenously one time 24 hr after the last subcutaneous
injection (n=6). Vertical bars indicate mean=S.D.. *%,
p<0.01 vs. every 2 hr before and after the intravenous
injection of saline (NaCl 1 mg/kg) respectively.
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Fig. 12. Analysis of sleep-wakefulness cycle in chronic
administration of amitriptyline (1 mg/kg). Amitriptyline
was injected subcutaneously 6 times at 24 hr intervals and
then intravenously one time 24 hr after the last subcuta-
neous injection (n=10). Vertical bars indicate mean-
S.D. #%, p<0.01 vs. every 2 hr before and after the
intravenous injection of saline (NaCl 1 mg/kg) respectively.
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Fig.13. Analysis of sleep-wakefulness cycle in chronic
administration of clomipramine (1 mg/kg). Clomipramine
was injected subcutaneously 6 times at 24 hr intervals and
then intravenously one time 24 hr after the last subcuta-
neous injection (n=6). Vertical bars indicate mean+S.D..
*, p<0.05; **, p<0.01 vs. every 2 hr before and after the
intravenous injection of saline (NaCl 1 mg/kg) respectively.
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Fig.14. Analysis of sleep-wakefulness cycle in chronic
administration of maprotiline (1 mg/kg). Maprotiline was
injected subcutaneously 6 times at 24 hr intervals and then
intravenously one time 24 hr after the last subcutaneous

. injection (n=6). Vertical bars indicate mean=+S.D..
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Fig. 15. Analysis of sleep-wakefulness cycle in chronic
administration of mianserin (I mg/kg). Mianserin was
injected subcutaneously 6 times at 24 hr intervals and then
intravenously one time 24 hr after the last subcutaneous
injection (n=6). Vertical bars indicate meanxS.D.. *x,
p<0.01 vs. every 2 hr before and after the intravenous
injection of saline (NaCl 1 mg/kg) respectively.
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Fig. 16. Analysis of sleep-wakefulness cycle in chronic
administration of sulpiride (3 mg/kg). Sulpiride was
injected subcutaneously 6 times at 24 hr intervals and then
intravenously one time 24 hr after the last subcutaneous
injection (n=6). - Vertical bars indicate mean£S.D..
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Fig.17. Comparison of mean latency (min) of appearance of
paradoxical sleep after the intravenous injection of 1 mg/
kg of imipramine (IMP), desipramine (DSP), amitriptyline
(AMP), clomipramine (CMP), maprotiline (MPT), mianserin
(MIA) and 3 mg/kg of sulpiride (SUL) (n=6 for IMP,
DSP, CMP, MPT, MIA and SUL; n=10 for AMP).
Antidepressants and sulpiride were injected intravenously
24 hr after the 6 times subcutaneous injections at 24 hr
intervals. . Vertical bars indicate mean=+S.D.. %%, P<0.01"
vs. that of acute (one shot) intravenous injection of saline
(NaCl 1 mg/kg) in 32 experiments.
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Fig.18. Comparison of plasma concentration measured after
acute administration of imipramine (1 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of imipramine (I mg/kg). @, plasma concentra-
tion measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12
and 24 hr after acute administration of imipramine
(n=5); O, values measured 7 hr after chronic administr-
ation of imipramine (n=5). Vertical bars indicate
meanz=£S.D..
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Fig. 19. Comparison of plasma concentration measured after
acute administration of desipramine (1 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of desipramine (1 mg/kg). @, plasma concentra-
tion measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12
and 24 hr after acute administration of desipramine
(n=4); O, values measured 7 hr after chronic administr-
ation of desipramine (n=4). Vertical bars indicate
mean+S:D.; - )
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Fig. 20. Comparison of plasma concentration measured after
acute administration of amitriptyline (1 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of amitriptyline (I mg/ks). @, plasma concent-
ration measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12
and 24 hr after acute administration of amitriptyline
(n=4); O, values measured 7 hr after chronic administr-
ation of amitriptyline (n=4). Vertical bars indicate

mean+S.D..
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Fig.21. Comparison of plasma concentration measured after
acute administration of clomipramine (1 mg/kg) and values
measured 7 hr after chronic administration (8 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of clomipramine (I mg/kg). @, plasma concent-
ration measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12
and 24 hr after acute administration of clomipramine
(n=5); O, values measured 7 hr after chronic administr-
ation of clomipramine (n=5). Vertical bars indicate
mean=+S.D...
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Fig. 22. Comparison of plasma concentration measured after
acute administration of maprotiline (1 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of maprotiline (1 mg/kg). @, plasma concentra-
tion measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12
and 24 hr after acute administration of maprotiline
(n=5); O, values measured 7 hr after chronic administr-
ation of maprotiline (n=6). Vertical bars indicate
mean=+S.D..
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Fig. 23. Comparison of plasma concentration measured after
acute administration of mianserin (1 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of mianserin (1 mg/kg). @, plasma concentrati-
on measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10, 12 and
24 hr after acute administration of mianserin (n=3); O,
values measured 7 hr after chronic administration of

mianserin (n=6). Vertical bars indicate mean®£S.D..

B, BN HERS BT 0EERELTVWS. —
F5, Hill 5%, 4 375 3 v5 REM $#2MEl+28/rE L
T, 13753 vofia) YERGrEETLIDEEL, 2
VAT S-HEEBHTHD T4 VAFSIVvELAITI IV
CHALEERY S v PEOWTRATWS. Tihbh, &8
KIZFDOEEEFE S T REM #RE23156.40H - o b DA,

10000

TTTYYTYT

1000 |

Concentration of sulpiride (ng/ml)
—rTTTTre
o O‘Z (o)

100

Ty

ol
2 4 ] 8 10 12
Time (hr)

Fig. 24. Comparison of plasma concentration measured after

acute administration of sulpiride (3 mg/kg) and values
measured 7 hr after chronic administration (6 times
subcutaneous injections at 24 hr intervals and one time
intravenous injection 24 hr after the last subcutaneous
injection) of sulpiride (3 mg/kg). @, plasma concentration
measured 2, 3, 5, 7, 15, 30 min, 1, 2, 4, 6, 8, 10 and 12 hr
after acute administration of sulpiride (n=4); O, values
measured 7 hr after chronic administration of sulpiride
(n=6). Vertical bars indicate mean£S.D..
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Fig. 25. Comparison of plasma concentration-time course of
imipramine at chronic (7 times at 24 hr intervals) intrave-
nous injections of imipramine (1 mg/kg) simulated from
acute (one shot) intravenous injection of imipramine (1
mg/kg) and values measured 2 hr before and 7 hr after
the chror}ic administration (6 times subcutaneous injections
24 hr intervals and one time intravenous injection 24 hr .
after the last subcutaneous injection) of imipramine (1 mg/
kg). O, values measured 2 hr before (n=4) and 7 hr after
(n=>5) the chronic administration of imipramine.
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Abstract

Improvement of the disturbed sleep-wakefulness cycle is thought to be one of the mechanisms of the antidepressive
effects of antidepressants. And it is widely accepted that it takes more than a week for the antidepressive effects of the anti-
depressants to be expressed. In order to make a neurophysiological interpretation of the clinical effects of antidepressants,
the influences of tricyclic, tetracyclic antidepressants and sulpiride on the sleep-wakefulness cycle and rapid eye movement
(REM) sleep latency after chronic administration (6 times subcutaneous injection at 24 hr intervals and one time intravenous
injection 24 hr after the last subcutaneous injection) were studied by using cats with chronically implanted electrodes in the
brain. The results of chronic administrations were compared with those of acute (one shot) intravenous administrations. In
chronic administrations, REM sleep latency was prolonged by imipramine and tendency to prolongation was seen in
desipramine. On the contrary, latency of REM sleep was reduced in maprotiline and mianserin, and tendency to reduction
was seen in amitriptyline and clomipramine. In the acute administrations, the magnitude of the antidepressants REM sleep
suppressing effect agreed with the relative degrees of serotonin and noradrenaline uptake in presynaptic cell membrane, with
the exception of mianserin and sulpiride. But this relationship did not exist in chronic administrations. In imipramine,
desipramine and clomipramine there were greater changes in REM sleep latency and a marked accumulation of plasma levels
at the same time. So, investigations of the relationship between plasma levels and therapeutic effects were carried out. The
result of imipramine and desipramine accorded with positive correlation, that of clomipramine accorded with curvilinear
(inverted U) relationship. But there seemed to be no relationship in maprotiline and mianserin. There was no accumulation
of plasma concentration in amitriptyline and sulpiride. The REM sleep suppressing effect of amitriptyline seemed to develop
habituation after chronic administrations. Anyhow, it seemed that, in tricyclic antidepressants, suppression of REM sleep by
the increase of spindling and slow-wave sleep gave rise to REM pressure and led to clinical improvement in the depressive
state. Besides REM sleep suppressing effects, another mechanism must be considered regarding to the antidepressive effect
of tetracyclic antidepressants and sulpiride.




