Comparative Study of Tricyclic and Tetracyclic
Antidepressant on the Sleep-Wakefullness Cycle
in Cats and the Plasma Concentrations of
Antidepressant Drugs
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Fig. 1. Plotting of the sleep-wakefulness cycle during 2 hr
before and 4 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
illustrations ; 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 4 hr after the intravenous injection of desipra-
mine (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 8 hr after the intravenous injection of clomipr-
amine (0.5 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 4 hr after the intravenous injection of mapro_ti—
line (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.5. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of mianser-
in (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.6. Plotting of the sleep-wakefulness cycle during 2 hr
before and 6 hr after the intravenous injection of sulpiride
(3.mg/kg) in cats. The results of 5 experimentes are
summarized in one-diagram. The arrow (&) indicates the
injection. of drug,
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Fig. 7. Graphic representation of the mean of percentage
of wakefulness, drowsiness, spindling and slow-wave sleep,
and paradoxical sleep stages during 2 hr before (control)
and 4 hr after the application of saline (NaCl 1 meg/kg) in
10 experiments. Symbols for this and following illustratio-
ns: [J, wakefulness; 7, drowsiness; [I], spindling and
slow-wave sleep; 3, paradoxical sleep. Vertical bars (1)
indicate mean+S.E.M.
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Fig.8. Graphic representation of the mean of percentage
of wakefulness, drowsiness, spindling and slow-wave sleep,
and paradoxical sleep stages during 2 hr before (control)
and 4 hr after the application of desipramine (I mg/kg) in
6 experiments. Vertical bars (1) indicate mean=+S.E.M.
*, p<0.05; **, p<0.01 vs. 2 hr before the applications of
drugs.
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Fig.9. Graphic representation of the mean of percentage of wakefulness, drowsiness, spindling and slow-wave sleep, and
paradoxical sleep stages during 2 hr before (control) and 8 or 6 hr after the application of 0.5 mg/kg (1) or 1 mg/kg (2)
clomipramine in respective 6 experiments. Vertical bars (I) indicate mean£S.EM. #* p<0.05; **, p<0.01 vs. 2 hr before the

applications of drugs.
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Fig. 10. Graphic representation of the mean percentage of
wakefulness, drowiness, spindling and slow-wave sleep, and
paradoxycal sleep stages during 2 hr before (control) and 4
hr after the application of maprotiline (I mg/kg) in 6
experiments. Vertical bars (1) indicate mean:+S.EM. *,
p<0.05; **, p<0.01 vs. 2 hr before the applications of
drugs.
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Fig.11. Graphic representation of the mean percentage of wakefulness, drowsiness, spindling and slow-wave sleep, and
paradoxical sleep stages during 2 hr before (control) and 6 hr after the application of 0.5 mg/kg (1) or 1 mg/kg (2) of mianserin
in respective 6 experiments. Vertical bars (I) indicate mean+S.E.M. *, p<0.05; **, p<0.01 vs 2 hr before the applications of

drugs.
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Fig.12. Graphic representation of the mean percentage of wakefulness, drowsiness, spindling and slow-wave sleep, and
paradoxical sleep stages during 2 hr before (control) and 6 hr after the application of 1 mg/kg (1) or 3 mg/kg (2) of sulpiride in

respective 6 experiments. Vertical bars (I) indicate mean+S.E.M.

drugs.
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Fig. 13. Graphic representation of mean latency of appeara-
nce of each stage of drowsiness (1), spindling and
slow-wave sleep (2), and paradoxical sleep (3) following a
single administration of 1 mg/kg of saline (SA), mianserin
(M), maprotiline (MA), desipramine (D), imipramine (I),
amitriptyline (A) and of 0.5 mg/kg of clomipramine )
and of 3mg/kg of sulpiride (SU) in respective 6 experim-
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Fig. 14. Plasma concentration-time courses of imipramine in
cats following an intravenous injection. Concentrations of
imipramine injected: @, 1 mg/kg (meanxS.EM., n=5);
O, 2 mg/kg; A, 4 mg/kg; A\, 6 mg/kg (mean, n=3).

T
o=

1000

NS RARLI
;0*"’“"”(1'”

T 1 II'II[L{’O“
/
/

100

e

..\é

1~?\\\\‘\‘N\‘%‘

T

plasma concentration ( ng/ml )

TTTTI

Time ( hr )

Fig. 15. Plasma concentration-time course of desipramine in
cats following a 1 mg/kg intravenous injection. Vertical
bars indicate mean=S.EM. (n=5).
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Fig. 16. Mean plasma concentration-time courses of amitrip-
tyline in cats following an intravenous injection. Concent-
rations of amitriptyline injected : @, 1 mg/kg; O, 3 mg/
kg (mean, n=3).
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Fig.17. Plasma concentration-time course of maprotiline’ in
cats following a 1 mg/kg intravenous injection. Vertical
bars indicate mean+S.EM. (n=5).
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Fig. 18. Plasma concentration-time course of mianserin in
cats following a 1 mg/kg intravenous injection. Vertical
bars indicate mean+S.EM. (n=5).
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Fig.19. Plasma concentration-time course of sulpride in cats
following intravenous injection.  Vertical bars indicate
mean+S.E.M. (n=5). Concentrations of sulpiride
injected: O, 1 mg/kg; @, 3 mg/kg.

Table 1. Pharmacokinetic parameters of three-compartment models after intravenous administration of imipramine (Img/kg),
desipramine (1mg/kg), mianserine (Img/kg) or sulpiride (3mg/kg) to cats

Parameter® calculated

Drug A B c a 8
{ng/ml) (ng/ml) (ng/ml) (min™) (min™") (min™")
Imipramine 3400+ 1315 334.1£26.1 49.0%8.15 0.617+0.139 0.01060.0013 0.0016=£0.0002
Desipramine 25414998 327.4+43.6 32.6£9.2 0.412+0.118 0.00902-+0. 0015 0.000750.00027
Mianserine 1123226 133+9.3 25+10.5 0.491+0.07 0.0047+£0.0008 0.000832+0.0002
Sulpiride 3774011110 46601500 60047 0.658+0.124 0.0386+0.00413 0.00219£0.00015

Y Hybrid constants (A, B, C, «, 8, 1) calculated by MULTI®® program.

Table 2. Pharmacokinetic parameters of two-compartment models after intravenous
administration of amitriptyline (1mg/kg) or maprotirine (Img/kg) to cats
Parameter” calculated
Drug A B a
(ng/ml) (ng/ml) (min™) (min™")
Anmitriptyline 176.24+30.8 38.6:8.9 0.0155%0.005 0.00208+0.0002
Maprotirine 2762:£2123 | 124.5-+19.4 0.509+£0.192 0.00265+0.0003

¥ Hybrid constants (A, B, a, ) calculated by MULTI? program.
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Abstract

To make a neurophysiological interpretation of the clinical effects of antidepressants, the influence of tricyclic and tetra-
cyclic antidepressants on the sleep-wakefullness cycle was studied by using cats with chronically implanted electrodes in the
brain. Continous polygraphic recordings were carried out during the period for two hours before and four, six and eight
hours after the intravenous injection of various antidepressants. The sleep-wakefullness cycle was divided into four stages of
wakefullness, drowsiness, slow-wave sleep and paradoxical sleep. The percentage and the appearance of each stage were
examined statistically before and after the administration of drugs. Administration of all kinds of drugs used inhibited the
appearance of the paradoxical sleep stage. Administration of the tricyclic antidepressants increased the appearance of the
slow-wave sleep stage while administration of the tetracyclic antidepressants and sulpiride increased the appearance of the
wakefullness stage and drowsiness stage. It is presumed that the stronger the inhibiting effect of serotonin reuptake of anti-
depressants, the stronger the REM-suppressing effect with the exception of mianserin and sulpiride. Therefore, the author
thinks that the REM-suppressing effect of antidepressants causes REM-pressure and results in clinical improvement of
depressive patients. The pharmacokinetics of antidepressant concentrations in cat plasma were studied in acute intravenous
injection with anesthetized cats. The plasma concentration of antidepressants as measured in the twenty-four hours after
administration of each drug. The plasma level of the antidepressants decreased pharmacokinetically in accordance with a
two-compartment model (amitriptyline and maprotiline) or a three-compartment model (imipramine, desipramine,
clomipramine, mianserin and sulpiride) in cats.



