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Doo-Heum Park’

s ABSTRACT

A growing number of people are concerned about their sleep. There are many people with chronic sleep disorders. Sedative—
hypnotics including benzodiazepine and non—benzodiazepine have been widely used in chronic insomniacs. It is widely accepted
that current hypnotics are efficient in alleviating subjective symptoms of insomnia. Non—benzodiazepine hypnotics include
zolpidem, zopiclone, and melatonin. These novel non—benzodiazepine hypnotics that have efficacy comparable to benzodiaze—
pines were developed with more understanding of benzodiazepine receptor pharmacology. Their unique pharmacologic profiles
may offer few significant advantages in terms of adverse effects of benzodiazepines. However, most of hypnotics including non—
benzodiazepine have some of dependence, tolerance, impaired daytime function and rebound insomnia. Currently, it is accepted
that combination therapy with pharmacologic and behavioral intervention is the most effective for chronic insomniacs. Sleep

Medicine and Psychophysiology 19990 6(1)0 5-18
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Fig. 1. Diagrammatic model of the complex GABAa receptor,
showing two subunits(a and B ) lining a cenfral ion channel.
Native receptors contain two copies of the a and B su-
bunits and may also contain a third subunit, g(From Scho-
field PR et al. 1987).
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Fig. 2. The structures of the prototypical ligands for each of
the binding domains of the complex GABAa receptor.
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Table 1. Neurotransmitters and neuromodulators that may regulate sleep-wake states

Substance

Possible roles in regulation of sleep-wakefulness

Serotonin

Norepinephrine

Acetylcholine

Dopamine

Adenosine

Interleukins and other
immune modulators

Prostaglandins

Endogenous sleep factors

L-tryptophan has hypnotic effects, increases delta sleep. Serotonergic neurons in DRN cease
firing in REM sleep and may inhibit cholinergic neurons in LDT-PPT, PGO waves, and REM sleep

Noradrenergic neurons in LC cease firing in REM sleep and may inhibit REM sleep. Arousal

Cholinergic neurons in dorsal tegmentum orchestrate REM sleep, and together with basal
forebrain inhibit cortical EEG synchronization through influence on thalamus

Mediates alerting effects of amphetamine and cocaine and sedating effects of antipsy-
chotics. Sleepiness of narcolepsy may be related to decreased dopamine turnover

Appears to promote sleep. Alerting effects of caffeine may be mediated by blockade of
adenosine receptors

Interleukins promote slow-wave sleep in animals, and immune modulators may be increased
in plasma at sleep onset in normal controls. NREM sleep measures may correlate with natural
killer cell activity in humans

PDG2 and PGE2 increase sleep and wakefulness, respectively, in animals

Putative hypnotoxins include delta-sleep-inducing substances peptide(DSIP), uridine, argine
vasotocin, muramyl peptides, and others

gooo oo oo



Fig. 3. Structure of core benzodiazepine.
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pam, halazepam, flurazepam), 3—hydroxy BZD(oxaze—
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00 0000. desmethyldiazepam OO OO0 OO0 O
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O 00000 0000 OO0 00O O0(medical proce—
dure)J0 00000 DOOO 00000 OO OO OO
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00000 00 00000000 O 000 00 oo
000 00 000 00 000 00000 000 oo
0(29). 0000 00000000 200 OO0 00O
00 400 000 00000(9). 0000 flurazepam,
temazepam 0 00 00000000 O OO0 00O O
0000 00,0 000 000 000000 0000 O
000 0000 0O 000 000 0O000.000(REM
density)D 0000 OO0 000 0000 O0O0OOOOO
0 000 000 000 000 0000 0000 oo
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00 00 00 D00 00 000 000. zopicloned O
000 500 0000 00000 8000 O0O0O0. OO0
00 000 75mg(00000 3.75mg)d00 OO0 O
0 000 000 00 000 000,00 000 00 O
0 000.19950 000 000000 20000 0000
0, 0000 zopiclonel 000 0000 0000 OO
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00 000 00 000 000 000 000 ooo, O
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0000000 000 00 00 000 000000000
000 0000 00 000 oooo.

7. Zolpidem

000 imidazopyridined O0O0O0O zolpidemd OO O
000 00 U0 0000 00000(35). zolpidemD O
00000000 00000 quazepamO O GABA, OO
O 000 (GABA, receptor complex)D 00000 OO
00000 000 00 1(type 1 BZD recepton)d OO O
000(36), quazepamd OO0 0000 00 OO OO0
00000 0O00. 000 000 15~20000 0000
000 0000 25~300 00000, conjugationd OO
0000. zolpidemO OO0 000 000 OO0 00O OO
0000 000 o0.

zolpidemD 000 OO0 OO0 OO0 000 OO OO
0 00 0000 0000 0000 000 0o0oooo O
000 00 000 00000,0000 00 000 OO0
00 00 000 D00 00 0000 00000, Roth
0(@37)0 zolpidemO OO0 O0OO00O 00000 OO0
00 000004, zolpidem 75 mg 0 10 mg OO0 OO
00 000 000 000 00 0D 000000 00 00
00.0 000 0000 000000 000 000 00
O. 000, Palminteril Narbonne(38)0 zolpidemO 0O
0 0000 20mg OO0 00000000 00000 O
0 zolpidemO OO OO0, 00, 00,000,000 O
0000000000 00000000000a00
0,00 0000 500 10omg 00000 0000 OO0
00 00000000 000 00 0000 00o0d. Zol-
pidemd 00000000 OO OO0 OO0 00000 OO
0 000 0000(@39), 2400 00 OO (rebound effe—
cts)D 00000000 000 D00 DO0000 000
000 40). Besset 0(41)0 OO zolpidem OO0 800
00 00000 200 00 0000 000000, REM O



0 00 0000 o000 000 000 oooo ooog.
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cycle ethers(0 O paraldehyde), carbamates(0 0 me—
probamate, ethinamate, carisoprodol), piperidinediones
(O O glutethimide, methyprylon) O tertiary carbinols
(O Oethchlorvynol)D OO0 400 00 0000000 O
0 00 000000 00000 000000, 000 O
00000 0000000 00 000 000 0000 O
00 000 00 000 0000 0000 00 o0.

00000 000 D000 000000, 00000 O
0 00000 0000 0000 D00 000 O 0o00.
0000 0000 0D (anticholinergic effects) 000 O
0 000,0000 000 00 00000 0000 OO0
O 0000 OO0 O O0. Pyrilamine maleate (Compoz)
0 00 000 00000 00 0000 ooog.

L—tryptophan] serotonind OO0 O0000O0O OO0
0000 00000, 00000 00000 SSRIsO OO0
000 00000 000. 000, L—=tryptophan OO0 O
000000 000 (eosinophilia—myalgia syndrome)O O
0000 0000 000 0000 0000 00 0042).

melatonind 0000 00 000 OO0 0O00OOO O
0 0000.melatonind 00 00 00000 00000
0O 00 000 (dietary supplement)y00 0000, OO0
00 melatonind 000 00 0DO0O0 000 FDAO O
O 000 O O00. Haimov O(1995)0 melatonind 00O
000 0000 000 000 00000.000 mela—-
tonin 000 U000 OO OO0 OO0 O0O. Dementd
Pelayo(35)0 OO OO (initiation)O OO0 (fast—rele—
ase) melatonind 000000 OO0 OO0, OD0O0O(sus—
tained—release) melatonind OO0 OO0 OO0 OO
OO0 (maintenance)d] 000000, 00 OO OO O OO
0 00 0000 00 00000.0 000 melatonin O
00 OO0 000 000 00000, melatonin 00 OO
(replacement theraphy)d] OO0 00O O 000 OOO O
00 OO0 00 0000.00 melatonind OO 000
00 00 00000 000 000 00 00000 @3).
0000 0000 00 000 00000 melatonind O
000 00 000 O O0.

9. =HH7I +HCEAMN 7]Xl= E2Hpolysomnogra-

phic effect of hypnotics)

00 0000 000 0000 bobo bobooo
0O 00 DODODOD O000(macrostructure)d O00O0O0O
00 0obo0o 000 0obobob Oo00. 0o oob ooo
gooooono obodb o00obO oboob oboob oo
00 0000 0obobo 00O boodUo 00 gooooo
0g0. 0000 OO0 000 000 obog ooooooo
gooooono 0oOb 0O0bO 0000 0o oo go.
o0 000 000b0 bo0bo 00bo 00 obo O
o0 ooobo oobooobo oob goboo oog O
goono. oobbo 000b o000 oboo gooo
00 0000 OO0 0000 OO0 Oobdo@4. 0o
o0 ooobo ooboooob obooo 0 0o oooo
go0o0o 0obbo 000 OO0 oboo, oo obo O
00 000 0 00 00o0 Oobboo obooo.oob o
00 0000 00 0000 O0(spectral analysis) 00
00 000 00000 oboooob gobo boo bo
00 O 000 OO OO0, 00 OoDO0O oooo (mic—
rostructure)d 0000 OO non—REM OO OO 00O
0O 000000 (cyclic alternating patternd0 CAP)O 00O
000@7). 000 OO0 CAPO OO0 OOO OO OO
0Jo0d 0000 booobb ooo.ooob ooo oo
00 0 00000 OO0 000 00 b0 40 ODOOO O
gooo.
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0000 000 000 000 000 000 0000 O
00 O, 0000 000 (transient), 000 (short—term)
00 O0O(chronic) 000000 OO0 OO0 O0O. O
00 D000 00 U0 0000 000000 O 000
00 0000 (acute stress), 0000 (jet—lag)D OO O
0O 000 O0(time—zone changes) 00O, 000 OOO
0 00 0000 000000 000 0000 (situational
stress), 000 OO 00O 000 0O0O,00 0000 OO
0 00 00 0000 000000 00 000 oog O
00 000. 000 000 0000 00 D000 000
0000 00 0000 00 40 00000(35).

000 0O 000 0000 0000 000 0o0oo o
0 000 000 0000 0000 000 000, 000
0 000 00 000 0000 00000 0000 o0
0 000 00 0000 0000 000 000 0000
0000 0000000 000.000000 000
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Insomnia

[

Duration less than 6 months

Disturbing extrinsic factor in the sleep erivironment
Environmental sleep disorder

Acute stress induced emotional arousal
Adjusiment sleep disorder

Associated time zone shift

Jet lag

]

Duration greater than 6 months

Sleep onset insomnia
Delayed sleep phase

-

Sleep maintenance insomnia

Periodic limb movements
Obstructive sleep apnea syndrome
Advanced sleep phase syndrome
Alcoholism

Both sleep onset and maintenance insomnia

[ Psychophysiologic insomnia
— Idiopathic insomnia

[~ Sleep state misperception
—— Depression+

— Bipolar disorder

"~ Neurologic illness

— Chronic pain

“— Anxiety disorder

Fig. 4. Decision free for common forms of insomnia(from De-ment WC, Pelayo R 1997).
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000 000000000000 o000 oooa, 20
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Table 2. Common hypnotics used in the US

Common hypnotics Dosage(mg) Estimated cost for brand name pills  Pharmacology T1/2(hours)
Zolpidem(Ambien®) 10 $52.40 1.7+ 0.1
Triazolam (Halcion®) 0.125(elderly) $25.90(0.25mg) 2.6+ 0.7
0.250(adults)
Temazepam(Restoril®) 15(elderly) $27.75(30mg) 8.4+ 0.6
30-60(adults)
Diazepam(Valium®) 2.5-5(elderly) $22.10(5mg) 32.0£ 11.0
5—-10(adults)
Flurazepam(Dalmane®) 15(elderly) $23.15(30mg) 40-100
15-30(adults)
Estazolam(ProSom®) 0.5-1(elderly) $34.60(1mg) Active metabolites
1 (adults) 17.1£ 1.3
Lorazepam(Ativan®) 1-2(elderly) $29.60(2mg)
(from Dement WC & Pelayo R 1997)
Table 3. Effects of hypnotic drugs on sleep structures and others
X Healthy volunteer Insomniacs
Hypnotic drugs Others
Increase Decrease Increase Decrease
Flurazepam SPT SWS TST REM-S —No evidence of rebound insomnia
(Th/2: =40 h) S2 S4 SE SWS — MSLTy
spindle powerdelta power
Flunirazepam TST SL SWS(during first 2hr SWS —rebound insomnia after long term
(Ti/2: 25 h) SE REM-S in short term use) use
S2
REM-L
spindle power
Temazepam S2 SL SPT SL —No signs of rebound insomnia in
(Th/2: 9.5-12.4 h) WASO S2 SWS elderly
S1 — MSLT!L
S4
delta powersd
Triazolam TST SL SPT WASO —No MSLTL
(Ti2: 1.5-5.5h) SE WASO S2 delta power — Evidence of rebound insomnia
S2 SWS spindle power
spindle powerdelta power
Zopiclone SPT WASO TST WASO —No evidence of rebound insomnia
(Ti2: 3.6—6h) S2 SL REM-L SL
S1 spindle power  CAP rate
REM-S SWS(some case)
Zolpidem SE st SPT st - Unremorkcble macrostructural
change in healthy
(T/2: 1.5-2.4h) SWS WASO —No MSLTy
S2 CAPrate —No evidence of rebound insomnia

SPT: sleep period time TST: total sleep timel SE: sleep efficiencyd SL: sleep latencyd WASO: wake after sleep onsetl] S1: stage 1
sleepd S2: stage 2 sleepU S3: stage 3 sleepd S4: stage 4 sleepd SWS: slow wave sleepl REM-L: REM latencyld REM-SO REM

sleepd CAP: cyclic alternating pattern
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