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EDITORIAL

Delta sleep-inducing peptide
Delta sleep-inducing peptide (DSIP) is a naturally
occurring substance, which was originally isolated
from rabbit brain in 1977 [1]. This curious substance is
a nonapeptide that is normally synthesized in the
hypothalamus and targets multiple sites including
some within the brainstem [2]. As its name suggests
DSIP promotes sleep and this has been demonstrated
in rabbits, mice, rats, cats and human beings [3±5]. In
fact DSIP promotes a particular type of sleep which is
characterized by an increase in the delta rhythm of the
EEG.
DSIP is normally present in minute amounts in the
blood. Brain and plasma DSIP concentrations exhibit
a marked diurnal variation [6] and there has been
shown to be a correlation between DSIP plasma
concentrations and circadian rhythm in human
beings. Concentrations are low in the mornings and
higher in the afternoons. An elevation of endogenous
DSIP concentration has been shown to be associated
with suppression of both slow-wave sleep and rapideye-movement sleep and interestingly also with body
temperature [7]. Plasma concentrations of DSIP are
in¯uenced by the initiation of sleep [8]. Patients with
Cushing's syndrome suffer from a lack of slow-wave
sleep but the diurnal variation in slow-wave and
rapid-eye-movement sleep in those patients appears
to be similar to that in normal patients [9].
When compared with most other peptides, DSIP is
unusual in that it can freely cross the blood±brain
barrier and is readily absorbed from the gut without
being denatured by enzymes [10,11]. DSIP is present
in relatively high concentrations in human milk
(10±30 ng mL±1). Any mother who has breast-fed her
babies will attest to the ability of a feed to induce
sleep. However, a feed of arti®cial milk may have a
similar effect, and it is not known whether DSIP
concentrations are related to the sleep±wake cycle in
human neonates [12].
DSIP has been synthesized. Administration of the
synthetic substance does not induce tolerance [13].
DSIP can be assayed by several techniques including
radioimmunoassay (RIA), enzyme immunoassay and

high-performance liquid chromatography with RIA
[14±16]. DSIP has a half-life in human plasma of
between 7 and 8 min [2]. It is degraded in blood, the
pathway involving the amino-peptidases [17]. A
potential drug interaction might therefore be envisaged between DSIP and drugs which inhibit or are
themselves metabolized by peptidases. Captopril is
one such agent and patients currently undergoing
treatment with any of the angiotensin-converting
enzyme inhibitors should probably be excluded from
any DSIP treatment protocol until further studies have
been undertaken.

DSIP and sleep
The innate controlling mechanisms of sleep have
fascinated scientists for generations and many different endogenous compounds have been proposed as
controllers of sleep over the years. These include
cholecystokinin, prostaglandin I2 and various
unknown substances labelled `sleep-promoting substances'. Indeed, the majority of humoral mediators
seem to have some relation to sleep by, for example,
affecting circadian rhythms or arousal states. In some
cases, however, it is not clear if the humoral mediator
is driving the sleep pattern or responding to the sleep
pattern.
Since the discovery of DSIP a number of studies
have been undertaken to test the hypothesis that DSIP
may be the principal endogenous sleep factor. It is
reported to increase the `pressure to sleep' in human
subjects who have been injected with small doses
and this, together with its ability to induce delta-wave
sleep, led to its consideration as a treatment for
insomnia. A number of studies have examined this
use with varied success [18±21].
DSIP has been described as a sleep-promoting
substance rather than a sedative. There is a modulating
effect on sleep and wake functions with a greater
activity in circumstances where sleep is disturbed.
There are minimal effects in healthy subjects who are
not suffering from sleep disturbance [22]. DSIP is not a
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night sedation drug which needs to be given just before
retiring. A dose of DSIP given during the course of the
day will promote improved sleep on the next night and
for several nights thereafter. Despite these clear shortterm bene®ts, however, doubt has been cast on
whether or not DSIP treatment will prove to be of
major bene®t in long-term management of insomnia.
Studies have been undertaken in patients suffering
from the sleep apnoea syndrome and from narcolepsy.
Unfortunately, no difference in DSIP concentrations
has been found between those patients and normal
patients [23]. DSIP may, paradoxically, be of use in the
treatment of narcolepsy and it is possible that it exerts
its effect by restoring circadian rhythms [24]. When
single and multiple injections of DSIP were given in a
controlled double-blind study, disturbed sleep was
normalized and better performance and increased
alertness was seen during awake cycles together with
improved stress tolerance and coping behaviour [22].

Non-sleep effects
DSIP has been shown to have an anticonvulsant action
in the rat. The threshold to NMDA- and picrotoxininduced convulsions is increased by DSIP [25,26]. This
anticonvulsant effect may undergo a diurnal variation
with greater antiepileptic activity seen at night [27].
DSIP is not unique in possessing a diurnal variation in
anticonvulsant activity as melatonin, b-endorphin and
dexamphetamine all reduce seizure threshold during
the day and it is possible that DSIP simply represents
one of the endogenous controls of brain excitability
[28]. DSIP has an antinociceptive action in mice, an
effect which is blocked by naloxone [29].
A neuroprotective effect has been demonstrated
in rats subjected to bilateral carotid ligation [30].
A reduced mortality was observed together with
a reduction in postischaemia function. DSIP also
reduced brain swelling in a model of toxic cerebral
oedema in the rat [31].
DSIP attenuates emotional and psychological
responses to stress and also reduces the central
amine responses to stress in rats [32]. The action of
corticotrophin releasing factor on the pituitary gland
in the rat is attenuated with a consequential inhibition
of pituitary adrenocorticotrophic hormone (ACTH)
secretion [33]. The situation is less clear in man as
although one study con®rmed this ®nding [34]

another reported no inhibitory effect on the adrenocortical axis to both physiological and stressor stimuli
[35]. DSIP had no effect on growth hormone or
prolactin concentrations when administered to human volunteers [36]. In one study, infusions of 3 or
4 mg (an enormous dose) had no effect on ACTH
levels or on cortisol secretion [35] although in another
study DSIP 25 nmol kg±1 signi®cantly decreased
ACTH concentrations [36].
DSIP concentrations change during certain psychiatric disorders. Patients suffering from schizophrenia
and depression have lower plasma and cerebrospinal
¯uid concentrations of DSIP than comparable normal
volunteers [37]. Concentrations were also inversely
correlated with sleep disturbance in those patients.
As might be expected of any substance which is
naturally occurring, side-effects are uncommon. Normally, concentrations would be very low and therefore the injection of large, probably non-physiological
doses might be expected to at least produce some
unwanted effect. No signi®cant side-effects have so
far been reported with DSIP. In some human studies,
transient headache, nausea and vertigo have been
reported. DSIP actually appears to be incredibly safe
as its LD50 has never been determined because it has
never so far proved possible to kill an animal
whatever the dose of DSIP administered.

Clinical uses
Clinical uses for DSIP already exist. The agent has been
used for the treatment of alcohol and opioid withdrawal with some success [38]. Clinical symptoms and
signs disappear after injection of DSIP although some
patients have reported occasional headaches.
DSIP possesses a number of other apparently
unrelated properties. In hypertensive rats, 200 lg kg)1
day±1 of DSIP for 10 days had an antihypertensive
effect [39]. DSIP has also been reported to possess
antimetastatic activity [40]. It may also reduce
amphetamine-induced hyperthermia and may be
bene®cial in some chronic pain conditions [41].
An interesting study reported in 1986 injected DSIP
and several analogues of the peptide directly into the
cerebral ventricle of rats. DSIP did not increase sleep
and this was thought to be due to its very rapid
metabolism. However, two of the analogues did
induce sleep but one produced arousal. It would
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appear therefore that there might be the potential for
not only sleep but sleep reversal within the analogues
of DSIP [42].
The molecular sites for the action of anaesthetic
agents are being identi®ed. Volatile agents appear to
act on speci®c sites of the GABA-A and glycine
receptors, whereas ketamine and xenon act on the
NMDA receptors. These sites are reproducible and
clearly de®ned, but what is their natural purpose, as
neither volatile anaesthetic agents nor xenon are
usually found in physiological systems? It is possible,
but has yet to be demonstrated, that DSIP and other
neuroactive peptides selectively bind to these regions
of GABA-A, glycine and/or NMDA receptors.

Is DSIP of relevance to the anaesthesiologist?
Anaesthesia is physiologically distinct from natural
sleep and anaesthetic agents appear to work on
receptor mechanisms normally dedicated to the
control of brain metabolism. Conventional sleep staging does not indicate the depth of anaesthesia; rapideye movements (REM) and other characteristics of
natural sleep are not seen during anaesthesia. It is
possible, however, that anaesthesia is mimicking a
natural phenomenon such as hibernation by copying
the action of natural neuroactive peptides such as DSIP.
What is the signi®cance of DSIP to anaesthesia?
Could DSIP be the body's natural anaesthetic? Is
activation of the DSIP receptors related to the state of
anaesthesia? These questions must remain speculative for the present. Whether or not DSIP is the body's
natural anaesthetic, or a substance closely involved in
this process, it may not prove to be possible to
administer it in a way which could be regarded as
anaesthesia. Could it therefore be used as the body's
natural sedative? No studies have been performed to
investigate this possible use although it would theoretically seem to have potential.
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