Effbcts of Tricyclic Antidepressants on Nocturnal
Penile Tumescence and REM sleep
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Abbreviations : APSS, Association for the Psychophisiological Study of Sleep; ASDC,
Association of Sleep Disorders Centers; BN, the baseline night ; CMP, clomipramine ; DN-
1, the Ist drug night ; DN-3, the 3rd drug night ; DN-5, the 5th drug night ; DN-7, the 7th drug
night ; IMP, imipramine ; NL, NPT50 latency ; NPT, nocturnal penile tumescence ; NREM,
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non-REM ; PSG, polysomnography ; REM, rapid eye movement ; RL, REM latency ; TNT,
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Fig.1-a. Effects of clomipramine (CMP) on total
REM time and total NPT50 time.
NPT50 is nocturnal penile tumescence the
circumference of which is more than 50% of that
of penile base at maximal erction on the baseline
night. CMP, 50 mg/day, was administered to 6
normal male volunteers. Data are expressed as
mean=x SEM of 6 subjects in each night.
Total REM time and NPT50 time markedly
decreased during the drug nights of CMP and
recovered during the withdrawal nights.
BN, the baseline night ; DN-1, the Ist drug night ;
DN-3, the 3rd drug night; DN-5, the 5th drug
night ; DN.7, the 7th drug night; WN-1, the 1st
withdrawal night; WN-3, the 3rd withdrawal-
night.
®—®, total REM time; O - O, total
NPT50 time.
*, p<0.05; **p<0.01 versus baseline night (One
way ANOVA followed by Ryan’s method).
These signs are same in Fig.1 to 4.
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Fig.1-b. Effects of imipramine (IMP) on total
REM time and total NPT50 time.
IMP, 100 mg/day, was orally administered to 6
normal male volunteers.
Total REM time and NPT50 time decreased
during the drug nights of IMP and recovered
during withdrawal nights. Note that the
decrease of total REM time during the drug
nights of IMP was significantly less than that of
CMP in each night.
®——®, total REM time; O ------ O, total
NPT50 time.
+, p<0.05; **, p<0.01 versus each night of CMP
series (paired t-test).
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T2 L 2RIEE (367.1+34.7 5, 366.7+34.2 43,
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Fig.2-a. Effects of CMP on REM latency and
NPT50 latency,
NPT50 latency is the time measured from the
onset of sleep to the first appearance of NPT50.
REM latency and NPT50 latency were prolonged
during the drug nights of CMP and recovered
during the withdrawal nights.
e—o, REM latency; O ----- o, NPT50
latency.
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Fig.3-a. Effects of CMP on number of REM
periods and number of NPT50 episodes.
Number of REM periods and number of NPT50
episodes decreased during the drug nights of
CMP and recovered during the withdrawal
nights.
e——@, number of REM periods; O------ o,
number of NPT50 episodes.
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Fig. 2-b. Effects of IMP on REM latency and
NPT50 latency.
REM latency and NPT50 latency were prolonged
during the drug nights of IMP and recovered
during the withdrawal nights. Note that the
pattern of suppression of REM latency during the
drug nights of IMP was different from that of
CMP.
@e——e, REM latency; O ----- O, NPT50
latency.
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Fig. 3-b. Effects of IMP on number of REM
periods and number of NPT50 episodes. _
Number of REM periods and number of NPT50
episodes decreased during the drug nights of IMP
and recovered during the withdrawal nights.
® —o, number of REM periods; O~ c,
number of NPT50 episodes.
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Fig. 4-a. Effects of CMP on duration of REM
periods and duration of NPT50 episodes.
Mean durations of REM periods and NPT50
episodes decreased during the drug nights of
CMP and recovered during the withdrawal
nights.
®—@, duration of REM periods; O----- 0
duration of NPT50 episodes.
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Fig. 4-b. Effects of IMP on duration of REM
periods and duration of NPT50 episodes.
Mean durations of REM periods and NPT50
episodes decreased during the drug nights of IMP
and recovered during the withdrawal nights.
®——@, duration of REM periods; O------ o,
duration of NPT50 episodes.
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283 NPT 50 0Z g & -8 & 2R LJ. NPT80

HTRBEEOEREZR L. NPT80 Y-k
EII I, RELR TCHERICRY LT,
NPT 80 =&V — F OFHFEHRRAICIIEE 2,
L, RELTE B & UHERE 1 RTEAERER L,
2. 43773 vBREOEE (EERLOLR)

43773 528w T NPT 50 B, NPT5)
8, NPT50 LY — FORBESETEELEL
(p<0.0D) A sNIzH, NPTLH0 =Y — Kk
BRI REEAREIEA S a5, NPT 50 B
IZHEER IS, RESETERCRI LTS, ¥
B 3 TRBEMOER R L7 (K1 —b), NPT
50 I LECHIE THIRL 72, NPT 50 iR BRI
~, RELES - SHTEBCERLTBENRSEL -
IR CRMIEEOER ERL (2 —b), NPT50 =
£V — K OEEEEERIC S, RERTHIERL
TRLRESIHTERCHALTBY, BREIRT
FELRYPEMERLZ(E3 -b).NPT50 2ty -
FORERMIEEER 20 o228, REETRSL
THED, BRETIES 22 KBREMIRE B0
(4 -b), HEFOBZRBOFEROREIT
mm~88 mm T, ¥ 84.0 mm TH - 7z, E¥EDE
KPR ER 109 mm~124mm T, 703753y
DBB LA T 114.7mm THo e, FEREE
B L UKD EZEO T RER, BRREAEL
TEEALERELRALTH-(RL), 13773
BB LTY, NPT 80 BT 25 NPT 50

pERE, NPT 80 #0%, NPT 80 =Y — FOEKICER DEH 7 B %23 7. NPT 80 BFfE, NPT 80 =
TEEER&6N078, NPT 80 =¥ Y — K DOFHF Y — RORBICEE TEEEN S S, NPT
SRR EEERA SN E e o7z (R1). NPT80 80 ¥&0E, NPT 80 =Y — F DR EHIFMICIEE

BRI I, BRIEE L - 3 ¢ SETHEBEH
ALTBD, BRHE 3T TRBBEMOERE R,
NPT 80 #EF L BEHERR 12 b, NPT 80 B & F#C
RS - 3  SEHTHBCERLTEY, BHHES3

Table 1. NPT variables

Eigaonahok (£1), NPT 80 B HEBEC
tees, BRESEL - 3 - SHTHRCESL, HRES
BWCRBHEIMOMER %R L 2. NPT 80 #FF L HHEX
I EE, 2RISR B\ TEERMER & R UBHRAIC 5

BN DN-1 DN-3 DN-5 DN-7 WN-1 WN-3  ANOVA
Flaccid circumference (CMP)  84.6+ 1.4 83.8% 1.2 83.7+ 1.4 84.7% 1.1 84.8+ 1.2 85.5% 0.5 84.8% 1.9 ns
of penis at base (mm) (IMP)  84.0% 1.5 82.5% 2.0 82.2% 1.9 83.0% 2.1 §2.2% 2.0 83.3% 2.0 82.2% 1.6 ns
Maximum circumference (CMP) 114.7+ 2.6 109.3% 5.6 114.8% 2.5 114.0%f 1.7 114.1% 2.0 114.7+ 2.1 114.4% 2.8 ns
of penis at base (mm) (IMP)  114.7% 2.5 114.7% 2.6 112.3% 2.5 114.2% 2.5 1M4.2% 2.5 114.4% 2.6 116.4% 2.0 ns
Total NPT80 time (min) (CMP)  75.914.8  20.54 9.8 24.6% 8.8 23.1% 8.1.° 40.7% 7.7  47.4%18.4 83.5424.0  p <00l
(MP)  93.2£10.1 311+ 5.2° 27.2% 6.7° 30.3% 4.3° 43.0%10.4  78.7£15.9 131.6%40.9  p<0.0)
NPTS0 latency  (min) (CMP)  101.3£48.7 309.5%59.3° 344.0£63.7°" 254.3448.2" 174.0447.7 184.8440.4 76.9% 4.7 p<0.01
(IMP)  149°5+49.1 230.0+49.0 258.3%31.1 233.5%£55.2 232.8£62.3 101.4£25.3 92.8%29.1 ns
No. of NPT80 episodes  (CMP)  11.3% 1.3 4.2% 155 3.5t 100 4.5 127 6.3% 0.5 9.4% 2.0 12.8% 2.6 p <ol
(IMP) 9.2% 1.4 3.32 0.77 3.0% 0.7 5.7% 1.0 5.2+ 1.6 8.5+ 1.3 1.0 2.1  p<0.0l
NPT80 duration (min) (CMP) 6.8+ 1.4 4.5+ 1.5, 6.1% 1.6, 5.0% 1.1 6.6+ 1.5 4.4t 1.1 7.0% 2.3 ns
(IMP) 12 5+ 2.7 10.1% 1.3" 9.4+ 1.8 5.9+ 0.9 1I.1% 3.8 10.5% 2.1 12.9& 5.2 ns
Each value represents mean+SEM of six subjects. NPTB80 is nocturnal penile tumescence the circumference of which is more than 80% of

that of penile base at maximal erection on the baseline night.
% p<0.05; *% p<0.0l tersus baseline night (One way ANOVA followed by Ryan's method).
+ p<0.05; +, p<0.01 versus each night of CMP series (paired t-test). These signs are same in Table 2.
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L7z,

JUITT I vERERRICB O THEER T NPT
5043 REM BEER W 4.1 2 %T L THET 2 DXt
L, BREEZE 17Tk NPT 50 48 REM 6 367.1 2 &
DY T6.8F%ITL, TOEMIIIREE 7R THYL
7. BERR TRAEOZERERFEOMITES V. A
773 VEREERICE LTI, E¥ET NPT 50 28
REM HERRIZ 6.4 FEBNTHET 2D L, RES

1 TNPT50 3 REM IR & » 114.8 3%&4TL T
HELZ. Lo UREES - 5 - 777, BHEL - 3
% Tk NPT 50 i REM BRIR & i3 18R UBFHIC 3
L.

. 32 7] ‘ \fl i
ciremterence * ] | /P\ \\
Clx erence ’; ,L ,_/_\//\, i Ay |

0

Fig.5. Hypnogram and NPT diagram of the baseline night of IMP series in one subject.
Penile circumference indicates the change in circumference of penile base. The black

bars show the parts of NPT50.

NPT coincided periodically with REM sleep.

W, Awakening ; R, Stage REM ; 1, Stage 1; 2, Stage 2; 3, Stage 3; 4, Stage 4.
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MEXEROECED 1 BRI R 577 R ¥ —
N—¥ 3T, EETHEL S VBT
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Fig. 6. Hypnogram and NPT diagram of the same subject as in Fig. 5 on the 1st drug night

of IMP series.

Note that NPT preceded REM sleep and then, periodically appeared in spite of marked

suppression of REM sleep.
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H Y9

(mm)
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Penile
circunference 16 ]
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11 12 1 2 3 4 5 6 7 8

! 1 ) L I s " 1 H L
3
4

VU

Fig.7. Hypnogram and NPT diagram of the same subject as in Fig. 5 on the 1st withdrawal

night of IMP series.

Note that NPT coincided with REM sleep again as on the baseline night.
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BINL) 2R IR, 70277 050807,
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Y a rTRERICRE LIZIZEDL D i K, i,
s oniz, &%, BESHE, BHIEEOR
ZOVHIREAZES L UHERARIEGED 1 BETD
IN6LIBEALRDY L, WHIRROEAS &
bIZEFALCTH o7,

% =

FFRZ LD, ERFETBWT, 4137532100
mg/day B & U7 1w ¥ 75 1 > 50mg/day @ 138/
DEOHS XY, REM EEREZ 5 i NPT 8% L
<HME &, REHIEIZ L D RBMEML, & 5 NPT
i3 REM BEIRIZ E I 2321 2w 8B M c e o

Stage REM
501V
) SEC

L

Fig.8. Polysomnograms of “stage 1-REM with tonic EMG” and stage REM.
The left figure shows so-called “stage 1-REM with tonic EMG” and the right figure shows
typical stage REM. The elevation of the line of penile tumescence monitor means penile

erection.

Penile erection occurred in stage 1-REM with tonic EMG as well as in stage REM.
EEG, electroencephalogram ; EOG, electrooculogram ; EMG, electromyogram (submental

muscle) ; RESP, respiratory excursions; ECG, electrocardiogram; PTM, penile
tumescence monitor.
Table 2. Relationghip between REM sleep and NPT.
BN DN-1 DN-3 DN5 DN-7 WN-1 WN-3  ANOVA
R%_l{atew— ) (CMP)  14.1£19.0  76.8£53.3 108.6%77.6 149.7+33.6 119.6+63.2 31.7%16.4 17.7+12.3 s
S0 latency (min)  (IMP) ~ 6.4%22.8 114.8%78.6 —22.5%22.9 — 2.3+61.2 21.6+19.6 31.6416.6 8.5:12.8  ns
T"Tfal REM time / (CMP)  0,52£0.05  0.64%£0.32  0.30%0.11  0.25%0.07  0.64%0.12  0.81%0.06 0.93+0.20 p<0.0l
otal NPT50 time (IMP)  0.67£0.08  0.58£0.15 0.71+0.19  0.80%0.18+ 0.70£0.15 0.70£0.07 0.72£0.12  ns

Refer to table 1.
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LICHBWESE LIRS TS, INHZER
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REMs 7% \F 8 538IRB I sk L 7 REM #inEE s h
2 Tk, AEEEC REM BR 28K T 20K
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MEIR Z FER & £ 2293, -8R eo b=
(serotonin) B VAAMEIFITH 2 20+
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BAYEIRIB O 2 BB 5 2 D, FFFIZ REMs 2t

Table 3. Self-evaluation of sexual functions, REM sleep variables and NPT variables
of each subject on the 5th drug night of both series.

TRT RL TNT NL s . . .
NAME (min) (min) (min) (min) Libido Erection Ejaculation

I1.K. (CMP) 30.0 303.3 75.3 78.0 0 0 -2
(IMP)  62.3 110.7 41.3 112.3 0 0 + 1
K.T. 0.0 510.7 5.0 387.7 -3 -1 3
24.0 301.7 25.3 305.7 -1 0 1

T.T. 20.7 310.7 49.7 271.0 0 0 -1
63.0 245.3 91.3 355.3 0 0 0

N.H. 2.0 378.0 14.7 367.7 0 0 3
38.7 207.3 60.7 165.7 -1 0 0

N.J. 4.3 277.7 18.0 166.7 0 0 -3
19.7 264.0 85.0 14.0 0 0 0

M.K. 15.7 385.0 47.7 251.0 -2 0 3
28.3 164.0 27.2 353.7 - 2 0 2

Libido: 0, no change comparing with that before drug administration; —1, moderately
decreased; —2, severely decreased; —3, completely lost.
Erection: 0, no change comparing with that before drug administration; —1, moderately

difficult to erect.

Ejaculation: -+1, easy to ejaculate comparing with that before drug administration; —1,

moderately difficult to ejaculate; —2, extremely difficult to ejaculate ; —3,

ejaculate.

inable to

TRT, total REM time; RL, REM latency; TNT, total NPT50 time; NL, NPT50

latency.
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Effects of Tricyclic Antidepressants on Nocturnal Penile Tumescence and REM sleep
Young-do Kim, Department of Neuropsychiatry, School of medicine, Kanazawa University,
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Abstract

The present study was made to investigate the effects of imipramine (IMP) and clomipramine
(CMP) on nocturnal penile tumescence (NPT) and rapid eye movement (REM) sleep. Subjects
were six normal male volunteers, aged 18-20 years. The experimental schedule was designed as
the following: 2 placebo days for an adaptation and a baseline period, 7 CMP (50mg/day) days
for a drug period and 3 placebo days for a withdrawal period. The effects of IMP (100mg/day)
were also studied by the same procedure and on the same subjects. Polysomnographies including
penile tumescence monitor (PTM) were recorded in each period. FErection, ejaculation and
libido in masturbation were evaluated by questionnaire given to the subjects, prior to the adap-
tation period, at the 5th day of the drug period, and at the 3rd day of the withdrawal period.

During the drug periods of IMP and CMP, total NPT time decreased in relation to the reduc-
tion of total REM time, while NPT latency was not significantly prolonged in comparison
with REM latency. Dissociative phenomenon that NPT occurred periodically in the absence of
REM sleep was frequently observed during the drug period. The decrease of total NPT time and
this dissociative phenomenon occurred more intensively in the CMP period than in the IMP
period. Total NPT time as well as total REM time exhibited a rebound at the 3rd recovery night.
In self-rating evaluation of masturbation, 5 subjects in the CMP period and one subject in the
IMP period complained of the inability of ejaculation. There was only one who complained of
erectile dysfunction in the CMP period, and none in the IMP period.

The disturbances of sexual function and the suppression of NPT and REM sleep by both IMP
and CMP are assumed to be due to their anticholinergic and the serotonergic action. The dif-
ference among the effects of these actions on the suppression of the REM sleep components
( the appearance of rapid eye movement, the desynchronization of EEG and the inhibition of
EMG activity) and NPT may be responsible for the dissociation between REM sleep and NPT.




