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ABSTRACT

Background and objective: The aim of this study was to compare the effects of different paradoxical sleep deprivation methods

on the pain threshold in rats submitted to inflammatory and neuropathic pain models. We also investigated whether changes in pain

threshold could be reverted by sleep recovery period.

Methods: Wistar rats were randomly assigned in arthritis-induced by adjuvant (AIA), chronic constrictive injury (CCI) of sciatic

nerve and non-handled control group. Paradoxical sleep deprivation was performed using small or large platforms in the water tank

technique. Grid and home-cage groups were also evaluated. Pain threshold was determined in dry environment using the hot plate test,

before, during and after (recovery) paradoxical sleep deprivation.

Results and conclusion: The data showed that AIA and CCI differ from control groups from the second day on after pain inducing-

procedures and lasted until the third day of sleep recovery. Paradoxical sleep deprivation reduced the pain threshold in all groups studied,

independently the method used. Sleep recovery did not restore the baseline pain threshold in arthritis-induced animals, but it was
restored in CCI group submitted to both paradoxical sleep deprivation methods.

Keywords: sleep deprivation, pain, adjuvant-induced arthritis, sciatic nerve constriction, hot plate, rats.

INTRODUCTION

Acute and chronic pain are closely associated with sleep dis-
turbances. Pain has been reported to be an important cause of
sleeplessness (1) and, conversely, interrupted sleep has often been
associated with increased pain (1-8) and a leading cause of insom-
nia in medical conditions (3,9). Clinical trials using rheumatic
and fibromyalgia patients (10,11) and animal studies with experi-

mental models of polyarthritic rats (8,12-17) confirm the associa-
tion between painful manifestations and sleep disruption.

Sleep constitutes a dynamic form of homeostasis restoration
and it is pertinent to assume that its abolishment would lead to
different behavioral alterations, such as increasing pain sensitivity.
In fact, some studies report the influence of sleep disturbances on
pain sensitivity. However, such influence is not completely under-
stood. Ukponmwan et al. (18) report reduction of antinociceptive
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property in enkephalinases, morphine and swimming in para-
doxical sleep deprived (PSD) rats. Onen et al. (5) described that
threshold of vocalization response to pressure nociceptive stimuli
in rats is not reduced by PSD, but it is augmented during the
recovery period.

Chronically painful conditions are associated with sleep distur-
bances such as sleep continuity changes, decreased sleep efficiency
and fragmentation of sleep pattern (10,13,15-17,19-24). A recent
in-depth review by Lautenbacher et al. (21) highlighted the fact
that basic mechanisms governing sleep-induced alterations in pain
sensitivity are still unknown, and the difficulty in defining the
mechanism by which altered sleep affects pain thresholds suggests
a fairly complex chain of events. Among these, sleep-deprived ani-
mals might have alterations in the opioidergic receptor system, as
hypothesized previously (7,25,26).

The reciprocal influence between pain and sleep-deficit does
not seem to be a problem in normal individuals as it vanishes with
the cessation of pain. Chronic pain sufferers, however, may develop
a positive feed-back relationship and aggravate their problems.
Some studies (2,4,9) suggest that non-efficient sleep produces
an increase in pain as well as fatigue in rheumatoid arthritis and
fibromyalgia patients. If such increase in pain worsens sleep again
and enhances pain much more, or if there are adaptative processes,
are some of the still unanswered issues. Animal models of chronic
pain seem suitable to investigate these questions. Among them, the
inflammatory chronic pain of the experimental arthritis induced
by adjuvant and the neuropathic chronic pain of the sciatic nerve
constriction are valuable tools. To use them for such purpose, it
is heuristically necessary to demonstrate that they reproduce the
clinical observation of increased pain after non-efficient sleep.

The aim of this study was to investigate the effects of PSD
methods as well as sleep recovery on the pain threshold of rats
submitted to inflammatory and neuropathic pain models.

METHODS

Animals

Adult, male Wistar rats, aged approximately 90 days at the
beginning of the study were used. The whole study was conducted
under a controlled 12:12h light/dark cycle (light on at 7:00h) and
room temperature (23 + 2°C). The animals were kept in a quiet
room inside plastic cages covered with soft sawdust, with rat chow
and water available ad libitum. Seven days were allowed for adapta-
tion to housing environment before baseline nociceptive testing.

Ethical Standard

All animal procedures were approved by the University Ethics
Committee (Protocol #065/99). The rats were randomly assigned
to three groups: Adjuvant-induced arthritis (AIA), Chronic Con-
strictive injury (CCI) and non-manipulated controls (CTRL).

Adjuvant-induced arthritis

After administration of the anesthetic (140 mg/kg de ketamine,
i.p.), arthritis was induced in 40 animals by a s.c. injection of 0.1
ml of Freund adjuvant (complete fraction of denatured Mycobac-
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terium butyricum suspended in mineral oil, Sigma Chemical Co.,
St. Louis, USA) in the right hind limb.

Chronic Constrictive injury

After onset of ketamine anesthesia (140mg/kg of body weight,
i.p.), CCI was produced in 40 rats. The sciatic nerve was exposed
to the level of the lateral face of the right posterior limb and 4
ligatures (4.0 chromic catgut) were tied around the common sci-
atic nerve, so that circulation through the epineural vasculature
was not totally interrupted. The procedure was comparable to the
original description (27).

Study design

The experiment was performed throughout a 9-day period:
baseline in dry environment (day 1 and 2), paradoxical sleep depri-
vation (day 3, 4, 5 and 6) and recovery in dry environment (day
7, 8 and 9). Following the first test, the animals were randomly
distributed into three groups (AIA, CCI or CTRL) and chronic
pain inducing procedures were performed. Two days after (test 2),
the pain threshold was measured and the animals were placed in
the tank or remained in the home-cages. Daily, during the 4 days
of PSD (Tests 3 to 6) and during the 3 days of recovery (Tests 7 to
9) the hot plate test was performed. The investigator was blind to
the type of manipulation used to induce sleep deprivation.

Paradoxical Sleep Deprivation Procedures

Two methods of PSD procedures were employed using small
(6.5cm in diameter) and large (14cm in diameter) platforms. The
PSD technique consists in placing ten rats for 96 h in a tiled water
tank (123 x 44 x 44cm), containing 14 platforms, dipped in water
until 1cm of their upper surface. In this method, the animals are
capable of moving inside the tank, jumping from one platform
to the other. When the animal enters stage of paradoxical sleep,
it falls into the water, due to muscle atonia, and wakes up. Since
the large platforms also produce sleep deprivation, a new proposed
control group (28), in which animals are placed onto a grid, was
used. The grid group was placed on a stainless steel wire grid,
which segments spaced 2.5c¢m from each other. The grid was fixed
horizontally and 1cm above the water surface in the deprivation
tank. The other (CTRL) group was housed in plastic cages and
allowed to sleep normally.

Assessment of nociception

Pain sensitivity to noxious thermal stimuli was assessed
between 9:00h and 11:00h. The hot-plate apparatus to test pain
threshold consists of a 20-cm diameter metal hot-plate surface set
at 50° C with a Plexiglas cage that fits onto the hot metal surface,
and a foot-switch operated timer. Pain threshold was measured
by the latency to nociceptive response (licking of any paw) with a
maximum cutoff time of 90 seconds.

Statistical analysis

The data were analyzed using two-way ANOVA for repeated
measures with behavioral test and group as main factors, fol-
lowed by Dunnett as post hoc test. The level of significance was
set at p<0.05.

Sleepscience  VOLUME 2+ ISSUE 2 - APRIL/MAY/JUNE 2009

83




Sleep deprivation and chronic pain

Table 1: Means (+SEM) of pain threshold of normal-pain control (CTRL) animals.
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Cage Grid Large Platform Small Platform
Baseline 53.2 +3.7 53.5 2.7 53.1 + 4.4 53.2 + 4.6
Pre-PSD 53.1 + 4.8 53.6 + 4.6 529+ 3.2 53.0 + 3.6
PSD-24h 534+ 1.4 48.6 + 2.5 * 473 25 * 373 +1.9 *
PSD-48h 534+ 1.7 46.5 £ 2.7 * 43.3+29 * 35.6 + 2.5 *
PSD-72h 53.2+ 1.6 433 £29 * 40.0 £ 1.1 * 32.6 +3.1 *
PSD-96h 53.1+1.9 40.6 + 3.2 * 37.1 £ 24 * 29.7 + 2.8 *
R-24h 529+ 2.0 51.4 + 2.1 48.3 £+ 3.5 * 44.1 + 44 *
R-48h 528 1.9 53.0 £ 3.5 513+ 3.0 50.6 + 6.1
R-72h 53.0+1.8 529 + 3.0 53.0 £ 2.7 53.0 + 6.6

*Values significantly different from those of the cage group, p<0.05 (two-way ANOVA followed by post hoc Dunnett test). (PSD: paradoxical sleep

deprivation; R: rebound).

Table 2: Means (+SEM) of pain threshold in arthritic rats (AIA).

Cage Grid Large Platform Small Platform
Baseline 53.7 23 53.8 = 6.7 53 + 3.1 54.1 + 1.3
Pre-PSD 425 +23 425 £ 3.0 42 + 1.7 429+ 1.3
PSD-24h 36.2 + 1.8 40.3 + 3.2 36.3 + 6.9 25.1 +3.6 *
PSD-48h 40.2 = 1.3 37.8 +£5.0 29.4 + 5.7 * 249 + 3.3 *
PSD-72h 39.0 + 2.8 34.8 + 4.0 23.5 + 4.7 * 17.6 + 94 *
PSD-96h 38.3 + 3.2 34.9 = 4.4 212 1.7 * 17.0 = 7.8 *
R-24h 38.1 + 2.5 425 +2.1 31.2 + 8.6 * 31.1 + 2.0 *
R-48h 39.9 £ 2.0 45.1 £ 2.9 * 350 7.2 % 32.6+22 *
R-72h 42.7 + 3.6 46.2 + 2.6 * 37.8+3.9 * 328 +1.9 *

*Values significantly different from those of the cage group, p<0.05.

Table 3: Means (+SEM) of pain threshold of rats with chronic constrictive injury of the sciatic nerve.

Cage Grid Large Platform Small Platform
Baseline 53.7 + 2.7 53.3 + 3.0 53.5 + 3.2 54.0 + 5.5
Pre-PSD 39.4 +29 39.6 + 2.3 39.8+ 1.5 39.0 = 2.5
PSD-24h 30.7 £ 2.1 348+ 7.9 229 + 8.1 * 20.8 + 6.7 *
PSD-48h 339 + 1.7 31.3+5.1 19.8 £ 1.3 * 15.7 + 8.6 *
PSD-72h 327+ 1.6 25.0 £ 2.9 * 19.0 + 1.0 * 10.8 + 2.7 *
PSD-96h 319+ 1.1 24.2 + 4.7 * 18.8 =+ 1.1 * 10.3 + 4.3 *
R-24h 30.7 + 1.3 39.0 £ 59 * 275+ 2.5 26.0 + 6.3
R-48h 26.0 + 1.5 37.0 + 4.8 * 28.7 + 2.4 30.1 +5.5
R-72h 29.5 + 1.0 36.4 + 5.7 32.6 +3.0 35.0+ 11.4

*Values significantly different from those of the cage group, p<0.05.

RESULTS

The effect of experimental pain models on pain threshold

Two-way ANOVA followed by Dunnett test revealed that AIA
and CCI differed from cage control groups from the second day on
after pain inducing-procedures (test 2) and lasted until the third
day of sleep recovery (test 9).

The effect of PSD methods on induced experimental pain
models

The CTRL group (non-manipulated animals) showed decreased
latency on the hot plate test during the 4 days of PSD and on the
first day of rebound using both small and large platforms. The
grid group presented also reduction of pain threshold during the
PSD period (Table 1).
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Regarding the AIA group (Table 2), PSD induced a conspicuous
alteration in pain thresholds when sleep-deprived by the small and
large platforms methods. The latency to paw withdrawal was low-
ered in small platforms from the first day of PSD on and remained
lower even during the rebound period compared to CTRL group.
The large platforms group presented reduction of pain withdrawal
on the second day after the PSD and also remained low until the
third day of rebound period. Regarding the grid group, the pain
threshold was significantly higher in the second and third days of
rebound sleep compared to CTRL animals.

In regard to CCI animals (Table 3), we observed that the
exposure to both small and large platforms methods resulted in a
decrease of the pain threshold during the 96 h of PSD. When placed
on the grid, animals exhibited a reduced latency to paw withdrawal
on days 3 and 4 of PSD and on the two first days of rebound.

DISCUSSION

Regarding the relevance of sleep and pain, several studies
have described sleep disturbances in patients suffering from dif-
ferent pain disorders, and although it seems logical that pain can
disturb sleep, sleep disturbances per se may also exacerbate pain
(8,21,22,29). In the present study, we observed that pain thresh-
olds to thermal noxious stimulation were reduced during PSD in
all groups studied, independently of which deprivation method
was used. Beside the confirmation that sleep disturbance increases
sensibility to pain in experimental animals, this result indicated
that chronic pain models may be used as a valuable paradigm to
study the reciprocal influences between non-efficient sleep and
pain. The results disclosed also some new aspects for investiga-
tion. Sleep recovery did not restore the baseline pain threshold
in arthritic rats, but it did so in CCI group placed on both small
and large platforms. Additionally, the second day of rebound was
sufficient to restore pain threshold to baseline values in control
animals. The grid method proposed as control environmental to
PSD induced an increase of pain threshold latency in AIA animals
(test 8 and 9) and a decrease in CCI (test 5 and 6) and control (test
3 to 6) groups, leading to the understanding that this method also
interferes with pain sensitivity.

The small platform method of PSD induced a greater increase
in pain sensitivity in all groups studied, comparatively to the large
platform. It is known that large platform does not deprive sleep
as much as the small one (30). The correlation found between the
magnitude of PSD promoted by small and large platforms and the
level of increase in pain sensitivity indicates the linearity of the
effect studied. On the other hand, both models of chronic-pain
seem to offer a valuable way to study the pain-sleep relationships.
A choice between them may be determined by the differences
observed in the rebound period or other details as the observed in
the grid method.

The mechanism by which PSD and sleep recovery modifies the
pain thresholds has not been completely established. Neurotrans-
mission systems, such as serotonergic and opioidergic pathways
have been investigated in respect to the participation of pain and
sleep manipulation (1,5,7). Concerning sleep manipulations, an
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inverse relationship between brain serotonergic activity and pain
has been reported in several animal studies. Therefore, PSD appears
to increase the rate of serotonin metabolism in the rat brain (31).

Ukponmwan et al. (18) reported that 96 hours of PSD abol-
ish the antinociceptive effects of analgesic compounds such as
phosphoramidon (an enkephalinase inhibitor) and morphine in
the rat brain. These findings are consistent with the hypothesis
that animals deprived of paradoxical sleep might have smaller
responsiveness of opioid receptors to endogenous enkephalines (5).
Earlier, Kay (32) demonstrated that during chronic administra-
tion of morphine, paradoxical sleep time persistently decreases,
suggesting that the chronic use of this analgesic produces PSD.
Thus, the tolerance that takes place with chronic use of some anal-
gesics may be mediated, in part, by PSD-induced reductions in
pain threshold (26).

If pain remains unrelieved for several days, then patients
would suffer of anger and depression, which also contribute to the
vicious circle as patients become demoralized and lose confidence
in the ability of their medical attendants to relieve their pain.
Moreover, the sleep disturbance participates in the problem (33).
The psychological component has the potential to interact with
both pain and sleep further complicating the situation. In addition
to this etiological link between depression, chronic pain, and sleep
disturbances, depressive patients seems to have greater necessity
for paradoxical sleep, since they manifest shorter latencies than
normal controls do (34), as well as increased paradoxical sleep time
(35,36). The demonstration that rats under chronic pain and sub-
mitted to PSD may be used to approach this vicious circle seems
to be a promising idea. Recently, Andersen, Hoshino and Tufik
(37) reported that animal models for chronic neuropathy exhibit
reduced sucrose ingestion. Accordingly, this anhedonic condition
that constitutes the core manifestation of depressive states does
not occur in response to a single episode of total PSD.

Sleep disturbances attributable to pain suggest a bidirectional
relationship between sleep disturbance and pain (29,38,39); both
may interact in complex ways that ultimately impact biological
and behavioral activity (40). It has been proposed that recognition
of disturbed or unrefreshing sleep influences the management of
painful medical disorders (29). Specifically, our group has investi-
gated this complex association in animal models as well as clinical
conditions (7,10,14-17,19,20,24,39). For instance, it has been
demonstrated that arthritis induced by Freund’s adjuvant injected
into rat hind paws causes reduced sleep efficiency, slow wave sleep
and paradoxical sleep, as well as increased latency to the first
sleep episode and arousal events (14). Previous studies have also
shown similar findings in arthritic rats that were characterized by
increased wakefulness, decreased slow wave sleep and paradoxical
sleep, and increased sleep fragmentation (13).

We have previously reported that a dose of substance P insuf-
ficient to depolarize spinal cord motoneurons of mice tested on a
hot plate test was still able to impair the sleep pattern (20). The
sleep disturbance found in the group injected with substance P
is most likely due to its direct action on the sleep-wake system.
Collectively, these findings indicate a strong association between
the reduction of the pain threshold and sleep disruption during
osteoarthritis, where reduction of the pain threshold is probably
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responsible for sleep disturbances that in turn cause further lower-
ing of the pain threshold (8).

It has been proposed that fragmentation of the sleep pattern
may promote sleep deprivation (26), which, in turn, increases
behavioral responses to mechanical (14), thermal (7), and painful
electrical stimuli (5). Sleep deprivation might affect sleep homeo-
stasis and may play an important role in nociception. Indeed, Nas-
cimento el al. (7) showed that the threshold of paw withdrawal
after thermal noxious stimulation was reduced by 96 h of PSD
and that this effect persisted after 24 hours of sleep recovery. Col-
lectively, our data suggest that chronic pain models may present
a valuable framework for the study of the reciprocal influences
between non-efficient sleep and pain.

Finally, one may considerer that the reciprocal relationship of
pain sensitivity and sleep is not fortuitous. Pain is an important
evolutionary acquisition that granted survival by its role to warn
the occurrence of some dangerous or noxious process in the organ-
ism. To be awake in such situations seems adaptive. Inversely, as
sleep deprivation induces somnolence and lowers attention, an
increase in pain sensitivity seems to compensate them and grant
wakefulness. Such considerations indicate that the search for an
efficient help for chronic pain patients will not be easy. However,
whatever the amount of work needed, the result seems undoubt-
edly rewarding.

ACKNOWLEDGEMENTS

The authors would like to express their cordial thanks to
Tome dos Anjos. This work was supported by grants from Asso-
ciacdo Fundo de Incentivo a Psicofarmacologia (AFIP), CNPq and
Fundag¢do de Amparo a Pesquisa do Estado de Sdo Paulo (CEPID
No. 98/14303-3 to S.T. and N°. 07/56620-6 to A.S.). MLA and
ST are recipients of CNPq fellowship.

REFERENCES

1. Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total
sleep deprivation, selective sleep interruption and sleep recovery on pain
tolerance thresholds in healthy subjects. J Sleep Res 2001;10:35-42.

2. Moldofsky H, Scarisbrick PN, England RS, Smythe H. Musculoskeletal
symptoms and non-REM sleep disturbance in patients with “fibrositis
syndrome and healthy subjects. Psychosom Med 1975;37:341-51.

3. Moldofsky H, Scarisbrick P. Induction of neurasthenic musculoskeletal
pain syndrome by selective sleep stage deprivation. Psychosom Med
1976;38:35-44.

4. Lentz, M.J., Landis, C.A., Rothermel, J., Shaver, J.L.E. Effects of selective
slow wave sleep disruption on musculoskeletal pain and fatigue in middle
aged women. J Rheumatol 1999;26:1586-92.

5. Onen SH, Alloui A, Jourdan D, Eschalier A, Dubray C. Vocalization
thresholds related to noxious paw pressure are decreased by paradoxical
sleep deprivation and increased after sleep recovery in rat. Neurosci Lett
2000;291:25-8.

6. Kundermann B, Krieg JC, Schreiber W, Lautenbacher S. The effect of
sleep deprivation on pain. Pain Res Manage 2004;9:25-32.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

M. L. Andersen et al. | Sleep Science 2009; 2(2): 82 — 87

Nascimento DC, Andersen ML, Hipolide DC, Nobrega JN, Tufik S. Pain
hypersensitivity induced by paradoxical sleep deprivation is not due to
altered binding to brain-opioid receptors. Behavioural Brain Research
2007;178:216-20.

Silva A, Andersen ML, Tufik S. Sleep pattern in an experimental model of
osteoarthritis. Pain 2008;140:446-55.

Drewes AM, Nielsen KD, Arendt-Nielsen L, Birket-Smith L, Hansen
LM. The effect of cutaneous and deep pain on the electroencephalogram
during sleep-an experimental study. Sleep 1997;20:623-40.

Roizenblatt S, Moldofsky H, Benedito-Silva AA, Tufik S. Alpha sleep
characteristics in fibromyalgia. Arthritis Rheum 2001;44:222-30.
Cappelleri JC, Bushmakin AG, McDermott AM, Dukes E, Sadosky A,
Petrie CD, et al. Measurement properties of the Medical Outcomes Study
Sleep Scale in patients with fibromyalgia. Sleep Medicine (2009). In press.
Landis CA, Robinson CR, Levine JD. Sleep fragmentation in the arthritic
rat. Pain 1988;34:93-9.

Landis CA, Levine JD, Robinson CR. Decreased slow-wave and paradoxi-
cal sleep in a rat chronic pain model. Sleep 1989;12:167-77.

Andersen ML, Tufik S. Altered sleep and behavioral patterns of arthritic
rats. Sleep Research Online 2000;3:161-7. Available from: www.sro.
org/2001/Tufik/161.

Schiitz TC, Andersen ML, Tufik S. Sleep alterations in an experimental
orofacial pain model in rats. Brain Res 2003;993:164-71.

Schiitz TC, Andersen ML, Tufik S. Influence of temporomandibular joint
pain on sleep patterns: role of nitric oxide. ] Dent Res 2004;83:693-7.
Schiitz TC, Andersen ML, Tufik S. Effects of COX-2 inhibitor in tem-
poromandibular joint acute inflammation. ] Dent Res 2007;86:475-9.
Ukponmwan OE, Rupreht J, Dzoljic MR. An analgesic effect of enkephali-
nase inhibition is modulated by monoamine oxidase-B and REM sleep
deprivation. Naunyn Schmiedebergs Arch Pharmacol 1986;332:376-9.
Andersen ML, Tufik S. Sleep patterns over 21-day period in rats with
chronic constriction of sciatic nerve. Brain Res 2003;984:84-92.
Andersen ML, Nascimento DC, Machado RB, Roizenblatt S, Moldofsky
H, Tufik S. Sleep disturbance induced by substance P in mice. Behav
Brain Res 2006;167:212-8.

Lautenbacher S, Kundermann B, Krieg JC. Sleep deprivation and pain
perception. Sleep Med Rev 2006;10:357-69.

Moldofsky H, Lue FA, Saskin P. Sleep and morning pain in primary
osteoarthritis. J Rheumatol 1987;14:124-8.

Ruiz FS, Andersen ML, Zager A, Martins RC, Tufik S. Sleep depriva-
tion reduces the lymphocyte count in a non-obese mouse model of type 1
diabetes mellitus. Braz J] Med Biol Res 2007;40:633-7.

Schiitz TCB, Andersen ML, Silva A, Tufik S. Distinct gender-related sleep
pattern in an acute model of TMJ pain. J Dent Res 2009b. In press.
Hicks RA, Moore JD, Findley P, Hirshfield C, Humphrey V. REM
sleep deprivation and pain thresholds in rats. Percept Motor Skills
1978;47:848-50.

Hicks RA, Coleman DD, Ferrante F, Sahatjian M, Hawkins J. Pain
threshold in rats during recovery from REM sleep deprivation. Percept
Motor Skills 1979;48:687-90.

Bennett GJ, Xie YK. A peripheral mononeuropathy in rat that produces
disorders of pain sensation like those seen in man. Pain 1988;33:87-107.
Suchecki D, Tufik S. Social stability attenuates the stress in the modified
multiple platform method for paradoxical sleep deprivation in the rat.
Physiol Behav 2000;68:309-16.

Moldofsky H. Sleep and pain. Sleep Med Rev 2001;5:385-96.

86

Sleepscience  VOLUME 2-ISSUE 2 - APRIL/MAY/JUNE 2009



Sleep deprivation and chronic pain

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Machado RB, Hipolide DC, Benedito-Silva AA, Tufik S. Sleep depriva-
tion induced by modified multiple platform technique: quantification of
sleep loss and recovery. Brain Res 2004;1004:45-51.

Youngblood BD, Zhou J, Smagin GN, Ryan DH, Harris RB. Sleep
deprivation by the “flower pot” technique and spatial reference memory.
Physiol Behav 1997;61:249-56.

Kay DC. Human sleep during chronic morphine intoxication. Psychop-
harmacologia 1975;44:117-24.

Phillips GD, Cousins MJ. Neurological mechanisms of pain and the
relationship of pain, anxiety and sleep. In: Cousins M]J, Phillips GD,
(Eds). Acute pain management. New York: Curchill Livingstone; 1986.
p. 21-48.

Kupfer DJ, Foster FG. Interval between onset of sleep and rapid-eye-
movement sleep as an indicator of depression. Lancet 1972;2:684-6.
Benca RM, Obermeyer WH, Thisted RA, Gillin JC. Sleep and psychi-
atric disorders. A meta-analysis. Arch Gen Psychiatry 1992;49:651-68;
discussion 69-70.

Nofzinger EA, Thase ME, Reynolds CF, 3rd, et al. Hypersomnia in bipo-
lar depression: a comparison with narcolepsy using the multiple sleep
latency test. Am J Psychiatry 1991;148:1177-81.

Andersen ML, Hoshino K, Tufik S. Increased susceptibility to developing
anhedonia in rats with chronic peripheral nerve injury: involvement of
sleep deprivation? Submitted to Neuro-Psychopharmacology & Biologi-
cal Psychiatry. In press.

Abernethy AP. Pain and sleep: establishing bi-directional association in a
population-based sample. Pain 2008;137:1-2.

Schiitz TCB, Andersen ML, Tufik S. The influence of orofacial pain on
sleep pattern: A review of theory, animal models and future directions.
Sleep Medicine 2009a. In press.

Roehrs T, Roth T. Sleep and pain: interaction of two vital functions.
Semin Neurol 2005;25:106-16.

M. L. Andersen et al. | Sleep Science 2009; 2(2): 82 — 87

Sleep science

VOLUME 2« ISSUE 2 + APRIL/MAY/JUNE 2009

87






