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DISTURBED SLEEP PATTERNS IN A RAT

MODEL OF CHRONIC PAIN

Carol A. Landis

School of Nursing

University of California, San Francisco

ABSTRACT

This study investigated the relationship between pain

and disturbed sleep patterns in the adjuvant arthritic rat

model of chronic pain and tested the hypothesis that

analgesics used to treat inflammatory pain improve sleep.

Sleep EEG patterns of 30 male Sprague-Dawley nonarthritic

and arthritic rats were recorded for three to six hours in

the light and three hours in the dark period on four

consecutive days. On the third day, aspirin or acetaminophen

(30 mg/Kg) were administered both at the onset of the light

and dark periods. Severity of Mycobacterium butyricum

induced arthritis was measured in each rat.

Polygraph recordings were divided into 30 s epochs and

scored into wakefulness (Wake), low-amplitude NREM sleep

(LS), moderately high-amplitude NREM sleep (HS1), high

amplitude NREM sleep (HS2), and paradoxical sleep (PS).

Sleep patterns included sleep stages (percent of recording

time), sleep bouts (periods of uninterrupted sleep), and

stage episode number and duration.



Arthritis significantly reduced HS2 and PS and

increased Wake, LS, and HS1 stages during the light period,

thus, eliminating the normal diurnal variations in sleep and

wakefulness. Arthritis also produced a fragmentation in the

pattern of sleep, manifested by significantly more frequent

and shorter sleep bouts and episodes of wakefulness, and

more frequent episodes of LS and HS1 during both the time of

maximal sleep and maximal wakefulness in the normal rat.

Compared to arthritic rats without drug, aspirin and

acetaminophen doubled the percentage of HS2 (deep) sleep in

arthritic rats. Aspirin and acetaminophen also had

differential effects on sleep in arthritic rats. Aspirin

increased Wake and decreased all sleep stages, and

acetaminophen decreased Wake and increased HS2 and P.S.

After differences in arthritis severity between arthritic

rats in the two drug groups were factored out, aspirin or

acetaminophen still accounted for the differences in sleep

and wake patterns during light hours.

The presence of chronic pain in rats with adjuvant

arthritis correlates with chronic reduced sleep and with a

loss of diurnal variations in sleep and wakefulness.

Acetaminophen may be more beneficial than aspirin for

improving sleep. The adjuvant arthritis model of chronic

pain is useful for studies to evaluate interventions to

reduce pain and improve sleep.
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CHAPTER I

INTRODUCTION

Pain is the most common reason people seek medical

assistance. It has been estimated that over 86 billion

people in the United States suffer from chronic pain

disorders (Bonica, 1979). Chronic pain is a characteristic

feature of rheumatic diseases and from 1 to 3 percent of the

US population is estimated to have rheumatoid arthritis

alone (Wolfe, 1984). In addition to pain, rheumatic diseases

often lead to progressive and substantial deterioration in

physical and mental health and to profound changes in social

life for patients (Deyo, Inui, Leininger, & Overman, 1982).

With a person's experience of chronic arthritis, pain

becomes a part of a larger set of problems that includes

insomnia, fatigue, daytime sleepiness, weight loss,

irritability, and depression. However, the etiology of

these signs and symptoms of morbidity is unclear. Indeed,

in diseases such as arthritis, it is difficult to separate

signs and symptoms of morbidity from the ongoing features of

the disease. The deterioration in health status outcomes in

patients with arthritis usually is attributed to the

biological effects of the disease process (Meehan, Yelin,

Levitt, & Epstein, 1981), although the degree of pain

reported by patients with rheumatoid arthritis correlates

highly with physical and psychological disability (Kazis,



Meehan, & Anderson, 1983). In fact, current pain, rather

than current disability, is the best predictor of future

physical as well as psychological disability in patients

with arthritis (Kazis et al., 1983).

In patients with arthritis, pain may lead to changes in

central neural mechanisms that normally mediate a variety of

autonomic and vegetative processes and thereby augment the

deterioration in health status outcomes. For example, pain

may disrupt sleep and chronic disrupted sleep may reduce

pain thresholds and tolerance levels. Recently, the degree

of disturbed sleep in patients with arthritis (Wegener &

Wilson, 1986) and in patients with chronic pain (Pilowsky,

Crettendon, & Townley, 1985) was significantly correlated

with reports of higher pain intensity and with depression.

Although the measurement of sleep has not been a separate

component in assessing the health status outcomes of

patients with arthritis (Meehan, Gertman, & Mason, 1980;

Fries, Spitz, Kraines, & Holman, 1980; Nicassio, Wallston,

Callahan, Herbert, & Pincus, 1985), it may be that sleep

disrupted by pain contributes to increased pain and

tenderness, fatigue, weight loss, irritability, and

depression in patients with arthritis.

A consistent theme raised in the literature concerns

the role for nurses in promoting health and reducing

morbidity for persons with chronic disease. Recent nursing

studies in patients with arthritis have centered on the

psychosocial aspects of pain and health status outcomes



(Bruchardt, 1985; Laborde & Powers, 1985, Lambert, 1985).

Studies of physiological and behavioral responses, such as

disturbed sleep patterns, are also important for the

development of the scientific basis for nursing practice.

Optimum clinical management of chronic arthritis, and other

chronic illnesses characterized by chronic pain, rests upon

knowledge that pain causes disturbed sleep, and that

interventions for pain may improve sleep, thereby promoting

health and reducing morbidity.

Using a laboratory chronic pain model, the present

study describes the diurnal changes in the

electroencephalographic (EEG) sleep patterns of rats with

adjuvant arthritis during the acute phase of the disease.

In addition, nonsteroidal anti-inflammatory analgesics

(NSAIA's) were administered to groups of arthritic rats. If

pain is a critical factor contributing to disturbed sleep

patterns in arthritic rats, then the administration of

analgesics, used to treat pain associated with inflammation,

should improve sleep. Acetaminophen and aspirin were

selected for this study since these NSAIAs are readily

available for nursing intervention.



Background of the Study

Sleep disturbances are common in patients experiencing

pain (Kales & Kales, 1984; Kleitman, 1923). For example,

patients with nocturnal angina (Karacan, Williams, & Taylor,

1969; Murao et al., 1972; Nowlin et al., 1965), and chronic

pain (Mahowald, Mahowald, Bundlie, & Ytterberg, 1987;

Moldofsky, Scarisbrick, England, & Smythe, 1975; Moldofsky,

Lue, & Smythe, 1983; Wittig, Zorick, Blumer, Heilbronn, &

Roth, 1982) have longer sleep onset latencies, increased

amounts of wakefulness and stage 1 (light) sleep, and an

increased number of awakenings during the night. Patients

with (a) fibrositis (Moldof sky et al., 1975), (b) arthritis

(Mahowald et al., 1987; Moldofsky et al., 1983), and (c)

chronic pain with no demonstrated physical pathology (Wittig

et al., 1982) show the presence of alpha EEG frequency in

non-rapid-eye-movement (NREM) sleep (sleep stages 2, 3, &

4). This nocturnal EEG arousal pattern is associated with

reports of increased pain and tenderness from patients with

fibrositis (Moldofsky et al., 1975) and arthritis (Moldofsky

et al., 1983).

It is unclear whether these sleep disturbances

associated with chronic pain are caused by the pain, and/or

by other aspects of the disease or chronic illness. For

example, periodic leg movements (Mahowald et al., 1987;

Moldofsky, Tullis, Lue, Quance, & Davidson, 1984; Moldofsky,

Tullis, & Lue, 1986; Moldofsky, Lue, Saskin, 1987; Wittig et



al., 1982) and psychological distress (Kales & Kales, 1984;

Saskin, Moldof sky, & Lue, 1986; Ware, Russell, & Campos,

1986) also cause disrupted sleep and may contribute to the

abnormal sleep patterns in patients with chronic pain.

Thus, it has been difficult to establish in patients with

chronic pain that pain is the cause of their disturbed

sleep.

Adjuvant arthritis in the rat, a disease model of

chronic pain, is associated with hyperalgesia (Calvino

Crepon-Bernard, & Le Bars, 1987; Colpaert, 1987; Colpaert,

Meert, De Witte, & Schmitt, 1982; De Castro Costa, De

Sutter, Gybels, & Van Hees, 1981; Hirose & Jyoyama, 1971;

Kayser & Guilbaud, 1983; Kuzuna & Kawai, 1975; Pircio,

Fedele, & Bierwagen, 1975). This hyperalgesia is highest

when pain-related behaviors are most pronounced (Calvino et

al., 1987; De Castro Costa et al., 1981). Arthritic rats

have significantly In Ore sleep preparatory (resting)

behaviors without a significant increase in sleep (De Castro

Costa et al., 1981). These data suggest that arthritic rats

may have a fragmented pattern of sleep similar to that

observed in patients with chronic pain. Further, the

possibility that pain may cause disrupted sleep in arthritic

rats is suggested by the fact that the elimination of pain

in these rats reduces signs of pain-related behaviors

(Dardick, Basbaum, & Levine, 1986). Although many studies

document dramatic changes in the behavior of arthritic rats,

no studies have quantified changes in their EEG sleep



patterns and examined the relationship between reduced pain

and sleep.

Purpose

The purpose of this study was to examine whether pain

produces disturbed sleep patterns in rats with adjuvant

arthritis, a chronic pain model. The specific aims of the

study were :

1. to compare the diurnal EEG sleep patterns of

nonarthritic rats to rats with arthritis; and

2. to examine the effects of nonsteroidal anti

inflammatory analgesics, aspirin & acetaminophen,

on sleep patterns in groups of arthritic rats.



CHAPTER II

THEORETICAL AND RELATED RESEARCH

The framework for this study is based on several

theoretical assumptions and published research. Sleep is a

basic need that is important for health. Patients with

arthritis show disturbed sleep patterns (Mahowald et al.,

1987; Moldofsky et al., 1983). Adjuvant arthritis in the

rat is a valid model (Calvino et al., 1987; Colpaert, 1987)

to study the effects of chronic pain and reduced pain on

sleep patterns. Nonsteroidal anti-inflammatory analgesics

(NSAIAs) reduce pain associated with inflammation. Figure

1. schematizes the framework for this study. Chronic pain

associated with adjuvant arthritis in the rat is postulated

Chronic Pain — — — — — — — — — — — — — — — > Disrupted Sleep
(Arthritis rat (Sleep EEG & EMG)
pain model)

Reduced Pain - - - - - - - - - - - - - - - > Improved Sleep
(Analgesic dose (Sleep EEG & EMG)
of NSAIAs)

Figure 1. Theoretical Framework.

to be a cause of disturbed sleep as measured by EEG and

electromyographic (EMG) activity. NSAIAs that reduce pain

associated with arthritis in the rat (indicated by elevated



paw withdrawal and vocalization thresholds) will improve

sleep.

The following review is organized according to the

assumptions of this study. First, the nature of normal

sleep patterns in humans and rats are described. Second,

the major theories of sleep function (restorative and

metabolic) are discussed, and the significant findings from

experimental sleep deprivation and fragmentation studies are

presented to support these hypotheried functions of sleep.

This section is followed by a review of the research on

disturbed sleep patterns in patients with chronic pain

associated with rheumatoid disorders. Evidence is then

presented to support the validity of adjuvant arthritis as a

model to study the effects of chronic pain and reduced pain

on sleep patterns. Finally, the use of the NSAIAs to treat

pain associated with inflammation and their analgesic action

is described.

The Nature of Sleep

Definition of Sleep

Sleep is a complex behavior in mammalian species that

alternates with periods of wakefulness in a patterened,

characteristic rhythmicity. Sleep can be defined in several

ways as (a) a stage of consciousness, (b) distinct cyclic

patterns of brain wave activity, and (c) a recurring

behavioral state of relative inactivity accompanied by



decreased responsiveness to some stimuli (Kleitman, 1963).

Sleep Patterns in Humans

The spontaneous EEG activity of the cerebral cortex is

different between periods of wakefulness and sleep (Gloor,

1969; Loomis, Harvey & Hobart, 1937). Patterns of EEG,

electrooculographic (EOG) and EMG activity further define

two states of sleep, non-rapid-eye-movement (NREM) and

rapid-eye-movement (REM) sleep (Aserinsky & Kleitman, 1955).

In a typical night of sleep a young adult will pass rapidly

from a brief period of wakefulness into NREM sleep followed

by REM sleep. In children and adults NREM sleep always

precedes REM sleep to form a sleep cycle. NREM-REM cycles

are repeated about 5 to 7 times during the night depending

upon the length of the entire sleep period (Dement &

Kleitman, 1957), and show considerable individual stability

from night to night (Bunnell & Horvath, 1984). Within sleep

cycles, the EEG slow-wave portion of NREM sleep (slow-wave

sleep) is present during the first half of a night of sleep

at the same time that episodes of REM sleep are very brief.

During the second half of a night of sleep, the length of

REM episodes within sleep cycles becomes progressively

longer.

NREM sleep.

NREM sleep consists of four stages of gradual

increasing amplitude and slowing of the EEG and with

progressive muscular relaxation (Gaillard, 1980;

Rechtschaffen & Kales, 1968). The first stage, NREM stage
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1, is a transition stage from wakefulness to other NREM

sleep stages and from sleep back to wakefulness. Three

indices of drowsiness-slow-rolling eye movements, myopia,

and reduced amplitude of the EMG-occur during stage 1 sleep.

NREM stage 2 sleep follows stage 1. Stage 2 is a

transition stage to deeper levels of NREM sleep, i.e. ,

stages 3 & 4, and also to REM sleep periods. Spindle

activity and K-complexes are specific waveforms in the EEG

present during stage 2 sleep (Gaillard, 1980; Rechtschaffen

& Kales, 1968). K-complexes resemble the waveforms of

evoked-potentials and may represent cortical responses to

internal or external stimuli (Gaillard, 1980).

NREM stages 3 & 4 are often combined together and

reported as slow-wave-sleep (SWS) or delta sleep, since a

difference in the number of delta WaVeS (<4 Hz)

distinguishes these two stages (Rechtschaffen & Kales,

1968). During NREM stages 2, 3, and 4, eye movements are

usually absent and the amplitude of the EMG remains low.

Following one night of adaptation to a sleep laboratory

(Agnew, Webb, & Williams, 1966), normal subjects show

consistent and reproducible amounts of sleep stages on

subsequent nights (Clausen, Sersen, & Lidsky, 1974; Moses,

Lubin, Naitoh, & Johnson, 1972; Webb, 1984). Amongst normal

young adults, stage 1 comprises between 3 and 8% of total

nighttime sleep (Williams, Karacan, & Hursch, 1974). Stage

2 sleep, the most stable and dominant NREM sleep stage in

adult life, constitutes 50% of a night of sleep (Williams et
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al., 1974) and predominates during the latter half of the

sleep period when it alternates with REM sleep episodes.

SWS constitutes between 20 and 25% of a night of sleep

(Williams et al., 1974) and occurs most during the first

half of the sleep period (Borberly, Baumann, Brandeis,

Strauch, & Lehmann, 1981; Feinberg, Koresko, & Heller, 1967;

Feinberg, Fein, & Floyd, 1982; Webb & Agnew, 1971). SWS

increases during recovery sleep following sleep deprivation

(Agnew, Webb, & Williams, 1964; Berger & Oswald, 1962),

after exercise in physically trained adults (Horne, 1981;

Horne & Staff, 1983; Horne & Moore, 1985), and in the first

NREM-REM cycle after an individual takes a warm bath (Horne

& Reid, 1985). Decreases in SWS typically occur with

advancing age (Feinberg et al., 1967). The percentage of

SWS decreases during the first NREM-REM cycle beginning

after age 20 (Feinberg, 1974), and stage 4 may be completely

absent by the fifth decade of life declining at an earlier

age in men than women (Williams et al., 1974).

REM sleep.

Rapid-eye-movement sleep is also called paradoxical

sleep because a low-voltage mixed frequency (de synchronized)

EEG pattern (similar to wakefulness) occurs simultaneously

with a disappearance of muscle tone (characteristic of

sleep) (Jouvet, 1969). In humans, REM sleep is characterized

by beta and theta activity in the EEG, rapid-eye-movements,

and muscle tone that is lower than that of NREM sleep.

Phasic REMs and muscular twitches occur on the background of
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tonic EEG activity and muscle tone. These phasic events

correlate with reports of active, vivid dreams when subjects

are awakened during REM sleep (Dement & Kleitman, 1957).

REM sleep comprises 50% of the sleep of infants and

this percentage declines after the first year of life to

values close to that of young adults (Williams et al.,

1974). In adults, REM sleep constitutes between 20 and 25%

of total nighttime sleep (Williams et al., 1974). As with

SWS, REM sleep increases during recovery following sleep

deprivation (Agnew, Webb, & Williams, 1967; Berger & Oswald,

1962; Dement, 1960; Lubin, Moses, Johnson, & Naitoh, 1974).

Sleep Patterns in the Rat

Sleep patterns in the rat have been widely studied, and

as in humans, rats have both NREM and REM states of sleep.

The term paradoxical sleep (PS) (Jouvet, 1969) is often used

to describe REM sleep in animals, hence PS will be used in

this paper to designate REM sleep in the rat.

When rats are maintained on a 12 hour light-dark

schedule, the distribution of sleep shows a clear diurnal

rhythm with between 70 and 80% of the light and between 20

and 30% of dark hours occupied by sleep (Borbely & Neuhaus,

1979; Borbely & Tobler, 1985; Mistlberger, Bergmann,

Waldenar, & Rechtschaffen, 1983). Complete sleep cycles in

the rat progress from wakefulness to NREM sleep and then PS,

followed by a return to wakefulness. Sleep cycles in the

rat, however, are often incomplete as NREM sleep is not

always followed by PS (Timo-Iaria et al., 1970). In
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addition, sleep cycles in the rat vary considerably in

duration and occurrence and NREM sleep is often interrupted

by brief periods of EEG wakefulness (arousal) patterns

(Mistlberger, Bergmann, & Rechtschaffen, 1987b; Timo-Iaria

et al., 1970).

The distribution of NREM and PS in the rat mirror those

of human sleep. The SWS portion (delta EEG activity) of

NREM sleep in the rat, analogous to NREM stages 3 & 4 in

human sleep, predominates for the first half of the light

hours and declines as sleep progresses, and the amount of PS

increases slightly toward the end of the light hours

(Bergmann, 1987b; Borbely & Neuhaus, 1979; Borbely & Tobler,

1985; Rosenberg, Bergmann, & Rechtschaffen, 1976; Tobler &

Borberly, 1986; Trachsel, Tobler, & Borbely, 1986). The

NREM stages of sleep and PS in the rat are strikingly

similar to the same stages of sleep in humans.

NREM sleep.

NREM sleep in the rat is commonly reported as only SWS,

although changes in amplitude rather than frequency frame

the basis for visual scoring methods of polygraph records

(Rosenberg et al., 1976). Several investigators divide NREM

sleep in the rat into two stages, SWS1 and SWS2 (Lidbrink,

1974; Timo-Iaria et al., 1970) or S1 and S2 (Bergmann,

Rosenberg, Eastman, & Rechtschaffen, 1977; Bergmann,

Eastman, Rosenberg, & Rechtschaffen, 1977; Friedman,

Bergmann, & Rechtschaffen, 1979). These two stages are

distinguished by high-amplitude EEG waves (indicating a
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synchronized NREM sleep pattern) present continuously during

a particular designated period of time or interpersed with

low-voltage EEG activity (indicating a desynchronized

wakefulness pattern).

Another scoring system for sleep has been developed by

Bergmann, Eastman, Rosenberg, & Rechtschaffen (1981). They

indentify three NREM sleep stages differentiated from each

other, from wakefulness, and from PS on the basis of changes

in EEG and EMG amplitude. These scoring criteria for .

polygraph recordings of rats distinguish five stages: (a)

wakefulness (Wake), (b) low-amplitude NREM sleep (LS), (c)

moderately high-amplitude NREM sleep (HS1), (d) high

amplitude NREM sleep (HS2) and (e) paradoxical sleep (PS)

(Mistlberger et al., 1983).

Wake is defined by the presence of low amplitude EEG

and high amplitude EMG activity. LS is distinguished from

Wake on the basis of a decrease in the amplitude of the EMG.

LS averages five percent of total recording time and occurs

most often during transitions from Wake to NREM sleep and

from NREM sleep or PS to Wake (Bergmann, Winter, Rosenberg,

& Rectschaffen, 1987).

HS1 is characterized by EEG amplitude of moderate

height and low EMG amplitude. HS1 usually constitutes

between 10 and 25% of recording time during both light and

dark hours and increases during the last half of the light

period (Mistlberger et al., 1983). HS2 is defined by the

presence of very high EEG amplitude and low EMG amplitude
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and constitutes a higher portion of recording time than HS1

only during light hours. HS2 comprises between 20 and 45%

of recording time during light and only between 10 and 15%

of dark hours (Mistlberger et al., 1983). HS2 dominates

during the first three hours of the light period when it can

comprise as much as 70% of total sleep time, and also shows

a circadian peak of delta activity (Bergmann, Mistlberger,

et al., 1987; Borberly & Neuhaus, 1979; Borbely & Tobler,

1985; Rosenberg et al., 1976; Tobler & Borbely, 1986;

Trachsel et al., 1986). When rats are deprived of sleep,

the amount of LS decreases, and the percentages of HS1 and

HS2 increase during the recovery sleep period (Borbely &

Neuhaus, 1979; Borbely & Tobler, 1985; Friedman et al.,

1979; Mistlberger et al., 1983; Mistlberger, Bergmann, &

Rechtschaffen, 1987a; Tobler & Borbely, 1986).

Paradoxical sleep.

In animals, and in the rat, PS is characterized by a

constellation of physiological events. These include (a)

desynchronized cortical EEG pattern, (b) a theta rhythm from

the hippocampus, (c) marked atonia of postural muscles, (d)

rapid-eye-movements and muscular twitches, and (e) sharp

waves recorded in the pons, lateral geniculate nucleus of

the thalamus and the occipital cortex (PGO waves) (Vertes,

1984). Cortical de synchronization, rhythmic EEG theta

activity, and muscle atonia are present tonically during PS.

The other characteristic features of PS occur as phasic

bursts of activity. The three tonic events of PS can be
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used to distinguish PS from LS and from Wake (Bergmann,

Winter et al., 1987). P.S averages about 10% of total

recording time during light hours and between 5 and 10%

during dark hours. The percentage of PS varies among rat

species (Rosenberg, Bergmann, Son, Arnason, & Rechtschaffen,

1987) and is most sensitive to changes in ambient

temperature (Schmidek, Hoshino, Schmidek, & Timo-Iaria,

1972; Szymusiak & Satinoff, 1981, 1984). When rats are

deprived of total sleep and PS, the amount of PS increases

in the recovery sleep period (Borbely & Neuhaus, 1979;

Friedman et al., 1979; Mistlberger et al., 1983, 1987a;

Tobler & Borbely, 1986).

The Concept of Sleep Need

Sleep is considered a universal, basic need for health

and survival, although the nature of the need or needs for

sleep remain unknown. The biological concept of need is

based on the idea that "... life processes in interaction

with the environment periodically create states or needs

which threaten the organism s welfare" (Rectschaffen, 1979,

p. 2). The basis then for the function of sleep would

specify the ". . . the state of maladaptiveness or need which

sleep alleviates. . ." (Rectschaffen, 1979, p. 3). This concept

of sleep need is fundamental to theoretical constructs about

the function of sleep.

Sleep deprivation studies are one way to examine the
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functions of sleep. One of the most consistent findings

from these studies in humans and animals is an increase in

sleepiness (Horne, 1978; Kleitman, 1963). Studies of total

sleep deprivation (TSD) (Agnew et al., 1964; Berger &

Oswald, 1962; Borbely & Neuhaus, 1979; Friedman et al.,

1979; Kleitman, 1963; Webb, 1969) and specific stage

deprivation (stage 4 and/or REM sleep) (Agnew et al., 1967;

Dement, 1960; Gilliland et al., 1986; Lubin et al., 1974)

indicate that as sleep loss continues the "pressure" to

sleep increases and subjects require more frequent and

intense stimulation to prevent sleep. Subjects have the

greatest difficulty remaining awake during the usual sleep

period, indicating that the circadian rhythm of sleepiness

remains present during sleep deprivation (Borbely & Tobler,

1985). Thus, the need to sleep increases with sleep loss.

Total sleep and selective stage deprivation in humans

and animals also produces the phenomenon of sleep rebound

during recovery sleep periods. This rebound is often cited

as evidence of the need for sleep, although the total amount

of recovery sleep is considerably less than the amount of

sleep lost (Horne, 1983; Kleitman, 1963). The characteristic

pattern of rebound in humans favors reclaiming stage 4 sleep

before REM sleep (Horne, 1983). Thus, several investigators

report a substantial increase of stage 4 during the first

(Borbely et al., 1981) and second recovery nights (Johnson,

Naitoh, Moses, Lubin, 1974) without significant increases in

REM sleep until the second or third recovery nights (Berger
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& Oswald, 1962; Horne, 1983; Johnson, 1969). Recent

research findings from studies of sleep deprived rats show

just an opposite recovery sleep pattern. Rats severely

deprived of all sleep stages, HS2, or PS have a substantial

increase in PS for several days before they demonstrate an

increase in HS2 (Everson et al., 1987). Thus, sleep

deprivation increases the need for sleep but reveals little

about the functional significance of sleep. Two major

theoretical positions, the restorative theory and the energy

conservation and/or regulation theory, have been advanced to

explain, in part, the need for sleep, in particular the need

for SWS and REM sleep, in mammals.

Restorative Theory

The most common nutritive theory of sleep, the

restorative theory, derives from intuition, COmm On

experience and a strong belief that sleep restores the mind

and body for optimal function during subsequent periods of

wakefulness. The restorative theory has led to the body

restitution hypothesis. This hypothesis asserts that

". . . sleep is a state of heightened restitution (i.e.,

elevated, and perhaps essential tissue repair and protein

synthesis following the 'wear and tear' of wakefulness)"

(Horne, 1985, p. 204).

Empirical support for the restorative theory is based

on correlations of certain events observed with normal sleep

patterns and the findings from sleep deprivation and

fragmentation experiments. Events that are associated with
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normal sleep patterns and postulated to support the

restorative theory include (a) peak human growth hormone

secretion at the onset of SWS (Parker & Rossman, 1971;

Sassin et al., 1969; Takahashi, 1979), (b) increases in cell

mitosis during sleep (Adam & Oswald, 1983; Oswald, 1980),

and (c) increases in protein synthesis in SWS and in REM

sleep (Adam, 1980; Adam & Oswald, 1983; Hartmann, 1981; Ramm

& Smith, 1987). Additional evidence that sleep serves a

function to reverse the demands of wakefulness is related to

a positive correlation between the amount of total sleep or

of SWS with the length of prior wakefulness (Borbely et al.,

1981; Feinberg, Fein, & Floyd, 1982; Mistlberger, Bergmann,

& Rechtschaffen, 1987b; Webb & Agnew, 1971) and the findings

of an increase in SWS following exercise (Horne, 1981; Horne

& Staff, 1982).

Energy Conservation Theory

The energy conservation theory postulates that in the

course of evolution, certain species of animals developed

mechansims to enforce rest and limit metabolic activities.

Sleep in this theory is a period of dormancy to offset,

conserve, or reduce the energy demands of homeothermy (the

endogenous ability to regulate body temperature) (Berger,

1975; Walker & Berger, 1980). Internal thermoregulatory

mechanisms in animals evolved in parallel with the

appearance of SWS. Animals without SWS are dependent upon

ambient temperature for the regulation of their body

temperature and ambient temperatures also largely determine



2O

their activity patterns (Berger, 1975). In several animal

species, SWS is absent at birth and it develops concurrently

with the ability to maintain a constant body temperature in

a cold environment (Berger, 1975). Sleep, then, is viewed

as a behavioral state of reduced metabolism and inactivity

that may have evolved to balance the energy demands

associated with internal thermoregulatory mechanisms.

Evidence for the energy conservation theory is derived

from several correlations between sleep and changes in body

temperature and energy metabolism. Both CO re body

temperature (De Castro, 1978; Gillberg & Akerstedt, 1982;

Obal, Rubic sek, Alfoldi, Sary, & Obal, 1985) and the

temperature of the brain (Abrams & Hammel, 1964; Hammel,

Jackson, Stolwijk, Hardy, & Stromme, 1963; Glotzbach &

Heller, 1976; Parmeggiani, 1980, 1987) decline the most

during NREM sleep. Further, many regions of the brain

decline in metabolic rate (up to 30%) during NREM sleep

compared to wakefulness (Nakamura et al., 1981). There is

also a positive correlation between the total percentage of

SWS and body metabolism in animals, such that animals with

the highest metabolic rates have the greatest amount of SWS

(Zepelin & Rectschaffen, 1974). Thus, sleep may function to

offset energy demands of wakefulness or may be involved in

thermoregulatory mechanisms.



21

Consequences of Sleep Deprivation

The removal of sleep through sleep deprivation

procedures should reveal the nature of the need that sleep

alleviates. Although many sleep deprivation studies have

been conducted in animals and humans, and observations

support both the restorative and energy conservation

theories of sleep function, the function of sleep remains

unclear.

The research literature on sleep deprivation is

extensive (See Hartmann, 1973, 1981; Horne, 1978, 1983,

1985; Kales, 1969; Kleitman, 1963; Naitoh, 1976 for

reviews). The studies cited in this section were selected

because they are either the initial works in a particular

area or relevant to a discussion of the effects of sleep

loss on pain.

Studies in rats

The most dramatic and compelling evidence that sleep is

important for the restitution of body tissues and to

conserve energy metabolism is derived from a recent series

of sleep deprivation studies in rats (Bergmann, Fang,

Kushida, Everson, & Rectschaffen, 1986; Bergmann, Kushida,

Hennessy, Winter, & Rechtschaffen, 1984; Everson, Bergmann

et al., 1986; Everson, Kushida et al., 1986; Gilli land, et

al., 1986; Kushida, Bergmann, Everson, Winter, &

Rechtschaffen, 1984; Kushida et al., 1986; Rectschaffen,

Gilli land, Bergmann, & Winter, 1983). In an effort to
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control the confounding variable of stress, rats were

deprived severely of sleep by introducing stimuli (walking

on a slowly rotating water wheel to avoid falling into

water) at the onset of EEG signs of sleep. Yoked control

rats received the same stimuli of slow gentle walking, but

could sleep whenever the deprived rats were awake. Thus,

control rats also lost sleep, although they were not as

severely deprived as the other rats.

This same methodological paradigm was used to deprive

rats of all sleep stages and selectively deprive them of PS

or HS2. When total sleep time is reduced by 87%, rats die

after two weeks. Selective deprivation of PS or of HS2

sleep by more than 90% is also lethal after a month of

continually reducing these stages. Rats deprived of HS2

sleep also lose substantial amounts of PS and thus, the loss

of PS could contribute to the mortality from HS2

deprivation.

Rats deprived of total sleep or selectively deprived of

HS2, or PS develop a syndrome of sleep pathology. This

syndrome includes weight loss, increased food intake,

increased energy expenditure, a decline in body temperature,

skin lesions on the dorsal and ventral surfaces of the tail

and plantar surfaces of the paws, a debilitated appearance,

increased heart rate, increased plasma norepinephrine,

decreased plasma thyroxine, and increased T3/T4 ratios and

eventual death. Additional internal signs of tissue

pathology, such as, diffuse hemorrhagic areas in the
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stomach, and pulmonary edema, are present in a few rats

deprived of all sleep stages (Rectschaffen et al., 1983).

However, no pathology was identified from histological

examination of various body organs to account for the

eventual death in these sleep deprived rats (Gilliland,

Wald, Wollman, Eschenback, & Rectschaffen, 1984).

Sleep deprived rats develop marked increases in energy

metabolism early in the deprivation period. They lose

weight and a substantial amount of body fat despite

consuming twice as much food. There is no evidence of a

malabsorption syndrome to explain these observations. As

sleep deprivation continues beyond two weeks, core body

temperature declines in rats deprived of all sleep stages or

selectively of HS2 or PS despite the large increases in

metabolic rate. In contrast, yoked control rats lose

substantially less sleep and increase their food consumption

but lose less weight and exhibit no declines in core body

temperature. Control rats also develop minor skin lesions,

but stay well groomed.

As these studies demonstrate, chronic sleep deprivation

in the rat augments energy metabolism and produces tissue

pathology. When rats are deprived of all sleep stages, HS2,

or PS, until signs of pathology are present, and then

allowed to sleep, elevated levels of energy expenditure and

of norepinehrine decline to baseline values within one to

three days (Everson et al., 1987). In addition, all signs

of sleep deprivation pathology are reversed by the end of a
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two week recovery period. These observations support the

restorative and energy regulatory theories of sleep

function.

Behavioral changes in rats are another consequence of

sleep deprivation using a pedestal technique (rats are

placed on a platform on top of an inverted flower pot in a

tub of water and fall into the water when they develop

muscle atonia of PS). PS deprivation produces a generalized

increase in neuronal excitability manifested by decreases in

the threshold for seizure activity (Cohen & Dement, 1965;

Cohen, Thomas, & Dement, 1970; Hartmann, Marcus, & Leinoff,

1968; Dzoljic, Ukponmwan, Rupreht, & Haffmans, 1985) and for

noxious electrical stimuli applied to the rat's tail (Hicks,

Moore, Findley, Hirshfield, & Humphrey, 1978; Hicks,

Coleman, Ferrante, Sahatjian, & Hawkins, 1979). This

decrease in pain threshold is evident immediately following

PS deprivation and persists for as long as 96 hours during

the recovery sleep period (Hicks et al., 1979). It is

possible that PS deprivation alters the transmission of

nociception by decreasing the efficacy of endogenous opiate

systems. This hypothesis is supported by recent observations

in the rat that analgesia produced by phosphoramidon (an

opioid peptide enzyme inhibitor), morphine, and cold-water

swim stress disappears following PS deprivation of four days

duration (Ukponmwan, Rupreht, Dzoljic, 1984).
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Human studies

Two or more days without sleep in young adults produce

obvious changes in behavior, but the effects on biochemical

and physiological measures are much less pronounced and

consistent than in the rat (Horne, 1978, 1983, 1985).

Humans are not deprived of sleep long enough to provoke

signs of physical pathology. In fact, in most sleep

deprivation studies subjects are ensured that they will not

be harmed, and no physical illness has been reported

following sleep deprivation experiments (Horne, 1985).

Several days without sleep in young adults produces

irritability, lapses in memory and attention, deterioration

in the performance Of tasks, suspiciousness, minor

illusions, hallucinations and social withdrawal behaviors

(Gulevich, Dement, & Johnson, 1966; Luby, Frohman, Grisell,

Lenzo, & Gottlieb, 1960). As the sleep deprivation episode

continues, these abnormal behaviors intensify, but all

symptoms of psychological disturbance typically disappear

following one night of recovery sleep (Luby et al., 1960;

West, Jansen, Lester, & Corenliscon, 1962), and do not

reoccur in subsequent follow-up weeks (Luby et al., 1962).

The loss of all sleep stages or the deprivation of

either SWS or REM sleep may not be necessary to provoke

increases in daytime sleepiness and alter performance and

mood. Experimentally induced fragmentation of sleep with

small decreases in total sleep time (Bonnet, 1985, 1986,

1987) produces changes in performance and mood that are
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similar to those of total sleep deprivation.

Sleep deprived subjects complain of fatigue,

sleepiness, and pain-related symptoms of bodily heaviness,

tightness about the head, and tingling and burning

sensations (Gulevich et al., 1966; Kleitman, 1923, 1963;

Luby et al., 1960; Luby et al., 1962). They also show minor

tremors and nystagmus. Although these signs and symptoms

could indicate a general heightened excitability of the

nervous system during sleep deprivation, early studies of

sleep deprivation in humans consistently describe a

selective reduction in the threshold to pain stimuli, and no

changes in the threshold to touch (Cooperman, Mullin, &

Kleitman, 1934; Mullin & Lockhart, 1937).

The loss of all sleep stages is not necessary to evoke

pain since the selective deprivation of stage 4 sleep in

normal subjects increases reports of musculoskeletal

tenderness and pain (Moldofsky & Scarisbrick, 1976). Six

young male volunteers were deprived of stage 4 sleep for

three consecutive nights following two nights of baseline

sleep. An additional seven subjects were deprived of three

nights of REM sleep after baseline nights. Auditory stimuli

were used to arouse sleeping subjects from stage 4 until the

EEG showed signs of stages 1 or 2 and the subjects moved.

The investigators were unable to consistently arouse

subjects from REM sleep with the auditory stimuli because

the subjects adapted quickly to the sounds and remained in

REM sleep. The researchers resorted to hand arousals during
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REM sleep and even talked to the subjects for several

minutes before allowing them to Ire SUlme sleeping.

Musculoskeletal pain thresholds were significantly decreased

during stage 4 deprivation, although they were not affected

during REM stage deprivation. Subjects deprived of stage 4

sleep also complained of tenderness and pain in the morning

as compared to the previous evening. No significant

complaints of pain or tenderness emerged secondary to REM

sleep deprivation.

The observations from this study extend the results of

an earlier study that reported somatic complaints secondary

to stage 4 sleep deprivation but not following REM sleep

deprivation (Agnew et al., 1967). Stage 4 deprivation was

also associated with the appearance of an alpha-like EEG

pattern (indicating arousal) in response to the auditory

tones during NREM stages 2 & 3 sleep (Moldofsky &

Scarisbrick, 1976). Thus, increases in tenderness and pain

occur with both a loss of stage 4 sleep and the presence of

an EEG arousal pattern during NREM sleep stages.

The observation of Moldofsky & Scarisbrick (1976) that

the deprivation of REM sleep did not provoke complaints of

pain or reduce the threshold for muscle tenderness in humans

is not consistent with previous reports in rats that show a

decrease in the threshold to noxious stimuli after PS

deprivation (Hicks et al., 1979; Ukponmwan et al., 1984).

These discrepancies may reflect species differences,

although an alternative explanation is possible. Selective
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deprivation of PS in the rat decreases HS2 (Kushida et al.,

1986), the stage analogous to stage 4 sleep in humans.

Since the loss of stage 4 sleep in humans is related to a

decrease in the threshold for tenderness, the loss of HS2 in

rats in PS deprivation experiments may contribute to the

decrease in threshold to noxious stimuli.

Summary of Sleep Deprivation Studies

Sleep deprivation increases the need for sleep in

humans and in animals. In humans, two or more days without

sleep produce signs and symptoms of psychophysiological

disturbance that intensify as the sleep deprivation period

continues. The behavioral and psychological consequences in

humans, coupled with the equivocal data from the effects of

sleep deprivation in measures of other body organs suggest

that the human brain is most sensitive to the effects of

sleep loss (Horne, 1978, 1983, 1985).

In contrast to the findings from human sleep

deprivation experiments, the effects from chronic loss of

all sleep stages or from the loss of HS2, or PS in rats

causes tissue pathology and death. In these rats, sleep

loss markedly augments energy metabolism and eventually

reduces the ability of rats to sustain normal body

temperatures. Chronic sleep loss must produce detrimental

changes in some biochemical processes that are necessary for

survival. By inference, sleep Serves some, a S yet

unspecified, vital need.

Despite the fact that the function of sleep is still
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unexplained, a consistent finding from experimental sleep

deprivation studies in humans and rats is a selective

reduction in pain thresholds. Thus, if chronic pain is

associated with chronic sleep deprivation, and perhaps also

with fragmented sleep patterns, the consequences of this

disrupted sleep may augment the experience of pain in

patients who live daily with pain.

Pain and Disturbed Sleep Patterns

Several observations from sleep deprivation studies

suggest that sleep loss and disrupted NREM sleep patterns

lower pain thresholds and increase pain perception. The

continual and intermittent exacerbation of pain associated

with inflammation in arthritis may disturb sleep and thus,

provoke increased pain levels. A vicious cycle of pain

disturbed sleep-pain may develop and become a significant

problem for patients with arthritis.

Despite the fact that pain and insomnia are common

complaints reported by patients with arthritis (Halfmann &

Pigg, 1984; Prinz & Raskind, 1978), minimal research has

been done concerning the nature and extent of sleep EEG

pattern disturbances in patients with arthritis. Almost all

the studies of sleep disturbances in patients with arthritis

and other rheumatic diseases have, in fact, come from one

group of investigators.
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Sleep Disturbances in Patients with Rheumatic Diseases

More research has been conducted on the problem of

sleep disturbances in patients with fibrositis syndrome than

any other rheumatic disorder. This emphasis may be related

to the fact that complaints of unrefreshing sleep, fatigue,

morning stiffness, multiple are as of localized

musculoskeletal tenderness and pain, are diagnostic features

of fibrositis (Bennett, 1981; Wolfe, 1984). Fibrositis is a

form of soft-tissue rheumatism of unknown etiology (Bennett,

1981; Goldenberg, 1987; Wolfe & Cathey, 1983; ). Fibrositis

has been called "psychogenic rheumatism" because no physical

pathology explains the patients' complaints of pain and

tenderness (Moldof sky, 1976).

Patients with fibrositis show EEG sleep pattern

disturbances. In a study of 10 patients with diagnosed

fibrositis syndrome, three subjects had no SWS and seven

subjects had alpha frequency waveforms during NREM sleep

stages 2, 3, & 4 (Moldof sky et al., 1975). This nocturnal

EEG arousal pattern, called alpha-NREM sleep or alpha-delta

sleep, is the same EEG pattern that was induced by auditory

tones during NREM sleep in healthy subjects. Compared to

sleep patterns of normal subjects of the same age, the

fibrositis patients in this study had longer sleep onset

latencies (the time from lights out until the appearance of

either stage 1 or stage 2 sleep) and they spent twice as

much time in stage 1 sleep, but they had no increase in the

number of arousals associated with body movements. All
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subjects with fibrositis awoke with complaints of pain,

unrefreshing sleep, feeling tired, irritable, and anxious.

These results suggest a relationship between the absence of

SWS and the presence of alpha-NREM sleep disturbance, a

presumed arousal pattern during NREM sleep stages, with pain

in patients with fibrositis syndrome.

In another study of 15 patients with fibrositis

(Moldofsky & Lue, 1980), the amount of alpha frequency

activity was quantified as alpha time (the mean percent of

time per minute in the alpha frequency) during sleep. It was

found to correlate significantly with an increase in pain

and a decrease in energy levels in patients the next

morning. To examine whether an increase in delta sleep

(SWS) would attenuate these symptoms, one-half of the 15

patients with fibrositis were randomly given either 100 mg

of chlorpromazine or 5 g of L-tryptophan orally at bedtime

for three weeks. Chlorpromazine, but not L-tryptophan,

increased SWS and the mean percent time per minute of delta

frequency correlated significantly with a decrease in pain,

anxiety, and with increased energy levels. Thus, a

reduction of and/or absence of SWS and the presence of

alpha-NREM sleep disturbance correlates with increases in

the experience of pain in patients with fibrositis.

Patients with fibrositis, in fact, report more pain at

bedtime and show more alpha-NREM sleep disturbance than

patients with psychophysiological insomnia (Saskin,

Moldofsky, Salem, Anch, & Lue, 1987), nocturnal myoclonus,
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(Moldofsky et al., 1984), and normal subjects (Moldofsky et

al., 1975). Nevertheless, it is unclear that pain is the

cause of alpha-NREM sleep disturbance and the subsequent

complaints Of unrefreshing sleep by patients With

fibrositis.

Some patients with fibrositis symptoms also have

periodic leg movements during sleep (nocturnal myoclonus)

(Moldofsky et al., 1984; Moldofsky et al., 1986). Nocturnal

myoclonus is a sleep disorder manifested by involuntary

periodic episodes of repetitive leg movements that occur

primarily during NREM sleep (Association of Sleep Disorders

Centers, 1979). Often these leg jerks are followed by brief

awakenings and produce a fragmented pattern of sleep (Hauri,

1982).

In a recent study of 18 patients with nocturnal

myoclonus and long standing insomnia, nine patients also

showed symptoms of fibrositis, although they had no evidence

of a rheumatic disease (Moldofsky et al., 1984). Eight of

these nine patients had a significant amount of alpha-NREM

sleep disturbance that often preceded their leg movements.

Only three of the remaining nine patients with nocturnal

myoclonus and insomnia had the alpha-NREM sleep disturbance

and they complained of excessive daytime sleepiness, but not

of pain and tenderness. The patients with fibrositis and

nocturnal myoclonus reported significantly more pain both

before and after sleep than the patients with only nocturnal

myoclonus. There Were In O statistically significant
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differences between these two groups of patients (those with

fibrositis and pain and those without pain) in the number of

EEG arousals from leg movements during sleep. However, the

mean total of leg movements/hour were higher in the patients

with only nocturnal myoclonus (without pain). In addition,

the frequency of leg movements in all patients was not

correlated to pre or post sleep pain, sleepiness, or

fatigue. Thus, pain and the presence of alpha-NREM sleep

disturbance, and not periodic leg movements, differentiated

these two groups of patients. In addition, the patients

with fibrositis and pain had more fragmented sleep

manifested by an increase in the number of shifts from one

stage of NREM sleep to another.

Moldof sky (1976) maintains that the ability to induce

the alpha-NREM sleep disturbance in healthy subjects and the

presence of this same pattern in patients with fibrositis

provides ". . . evidence for a specific disturbance in sleep

physiology as an important etiological factor. . ." (p. 189)

in the fibrositis syndrome. "The presence during NREM sleep

of what is considered to be a waking rhythm suggests that an

internal arousal, alpha induction mechanism operates in

competition with the NREM sleep system. Such competition

would impair the restorative function of NREM sleep and lead

to the development of the disorder" (Moldofsky, 1976, p.

194). Since patients with fibrositis often report the

presence of a major stressful life event prior to the onset

of their symptoms, Moldofsky (1976) further hypothesized
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that a cycle in which pain produces nonrestorative sleep

which in turn produces more pain might be triggered by

emotional distress in patients with fibrositis and by pain

in patients with rheumatoid arthritis.

To test the hypothesis that the presence of pain during

sleep might produce an alpha-NREM sleep disturbance and

contribute to symptoms of fatigue, weakness, stiffness, and

pain the next morning, the sleep patterns of 18 hospitalized

patients with active rheumatoid arthritis were investigated

(Moldof sky et al., 1983). Thirteen women and five men were

studied for four consecutive nights after admission to the

hospital and again for four consecutive nights two weeks

later prior to discharge. All subjects received analgesics

and anti-inflammatory agents, although they did not receive

sedatives, hypnotics, or tranquilizers. EEG patterns of

sleep and self-reports of sleep quality were obtained in

each subject. In addition, joint and muscle thresholds for

tenderness, and pain were assessed before and after each

night of sleep. In these patients, sleep was quite variable

and significant differences were found among patients on all

sleep variables except for the percent amount of REM sleep

which was well within normal limits. In general, patients

had increased number of awakenings, increased amounts of

wakefulness and stage 1 sleep. Fifteen patients showed an

alpha-NREM sleep pattern during NREM stages 2, 3, & 4 in the

first four nights of the study. For the eight patients who

completed the study, no significant differences were found
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in their EEG sleep patterns between the initial nights of

study and the follow-up nights two weeks later. These

patients, however, reported improvement in the quality of

their sleep OIn the follow-up nights. Joint and

musculoskeletal tenderness increased overnight in all

patients and increased in the eight patients over the entire

course of the study.

The most important results from this study concern the

emergence of pain and tenderness associated with the

presence of a nocturnal arousal pattern in NREM sleep stages

that is similar to the pattern induced by noise in healthy

subjects and found in patients with fibrositis. Only one

patient experienced a decrease in musculoskeletal pain and

tenderness coincident with increases in NREM stages 2, 3, &

4, decreases in the alpha-NREM pattern, and reduced pain

associated with rheumatoid arthritis. Thus, patients with

active rheumatoid arthritis have EEG evidence of disturbed

sleep patterns that may be related to pain and in turn,

these nonrestorative sleep patterns may provoke increased

pain and tenderness.

Several limitations of this clinical study hinder the

conclusion that pain is the cause of nonrestorative sleep

patterns. The patients were acutely ill. They were all

receiving analgesics and anti-inflammatory drugs. Finally,

hospitalization is a stressful experience and the

environment of hospitals is often noisy which also causes

disrupted sleep (Kales & Kales, 1984) and may contribute to
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the abnormal sleep patterns in patients with arthritis.

The data from a recent study corroborates the presence

of alpha-NREM sleep disturbance in patients with active

rheumatoid arthritis (Mahowald et al., 1987). Twenty

patients had their sleep patterns recorded in a sleep

laboratory. Sleep efficiency (total EEG time asleep/total

time in bed ) was substantially reduced, NREM stage 1 was

increased, and SWS was reduced. In addition, patients

averaged 3 awakenings/hour (>30 s of EEG arousal) and a

substantial number of EEG arousals (<30 s of EEG arousal).

Most of these arousals were associated with extremity

movements (41 + 3/hour). Thus, while patients with arthritis

clearly have disturbed sleep patterns, it is unclear whether

these abnormal sleep patterns associated with arthritis are

caused by pain, or by other aspects of the disease.

In human studies, it has been difficult to establish

that pain is a cause of sleep disturbances in patients with

fibrositis and arthritis. The subjective nature of pain and

insomnia are difficult to evaluate. Observations of alpha

NREM sleep disorder in patients with fibrositis and

arthritis is not specific to illness conditions with

symptoms of pain and physical discomfort. Alpha-NREM sleep,

was, in fact, first described in patients with psychiatric

disorders (Hauri & Hawkins, 1973), and recently was found in

a variety of sleep disorders characterized by excessive

daytime somnolence (Fry, Pressman, DiPhillipo, 1987). A

similar alpha-NREM sleep pattern also is induced by noise
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(Moldof sky & Scarisbrick, 1976) and present in normal adults

who are considered "mildly anxious, sensitive, and

conscientious" (Watson, Liebmann, & Jenson, 1985). The

presence of the alpha-NREM sleep disorder has been

correlated with pain in patients who have pain, however this

sleep disorder is not a specific predictor of the presence

of pain.

Aduivant Arthritis, a Model of Chronic Pain

It is of interest to study the sleep patterns of an

animal model of chronic pain, because it has been difficult

to determine if pain is a cause of disturbed sleep patterns

in patients with fibrositis and arthritis. Adjuvant

arthritis in the rat is a disease model of chronic pain

(Calvino et al., 1987; Colpaert, 1987). This form of

arthritis is induced in the rat by a subcutaneous injection

of Mycobacterium butyricum, in mineral oil, in the tail

(Glenn & Gray, 1965; Pearson, 1956; Pearson & Wood, 1959;

Rosenthale & Capetola, 1982; Waksman, Pearson, & Sharp,

1960). This preparation elicits a bilaterally, symmetric

distal arthritis that usually affects the hindpaws more than

the forepaws and varies in disease severity among rats in

the same strain (Glenn & Gray, 1965). Onset of clinically

apparent arthritis (swelling and tenderness) OCCUlrs

approximately two weeks after the injecton of adjuvant and

the disease remains active for at least two weeks. Adjuvant
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arthritis in the rat has similar histopathological changes

to rheumatoid arthritis in humans (Pearson, Waksman, &

Sharp, 1961; Rosenthale & Capetola, 1982).

There is considerable evidence that adjuvant arthritis

in the rat is associated with chronic pain (Calvino et al.,

1987; Colpaert, 1987). The validity of adjuvant arthritis

as an experimental chronic pain model is illustrated in

various electrophysiological (Calvino, Villanueva, & Le

Bars, 1987; Gautron & Guilbaud, 1982; Guilbaud, Iggo, &

Tegner, 1985; Guilbaud, Peschanski, Briand, & Gautron, 1986;

Kayser & Guilbaud, 1984; Lamour, Guilbaud, & Willer, 1983;

Menetrey & Besson, 1982; Okuyama & Aihara, 1984a),

pharmacological (Hirose & Jyoyama, 1971; Kayser & Guilbaud,

1981; Kayser & Guilbaud, 1983; Kuzuna & Kawai, 1974; Okuyama

& Aihara, 1984b; Pircio et al., 1975; Winter & Nuss, 1966;

Winter et al., 1979), biochemical (Colpaert, Donnerer, &

Lembeck, 1983; Lembeck, Donnerer, & Colpaert, 1981;

Schoenen, Van Hees, Gybels, De Castro Costa, &

Vanderhaeghen, 1985), and behavioral (Butler, Weil-Fugazza,

Godefroy, & Besson, 1985; Calvino, Crepon-Bernard et al.,

1987; Colpaert et al., 1980; Colpaert et al., 1982; Colpaert

& Van den Hoogen, 1983a; 1983b; De Castro Costa et al.,

1981) studies. For example, arthritic rats lose weight

(Calvino, Crepon-Bernard et al., 1987; Colpaert & Van den

Hoogen, 1983a, 1983b; Dardick et al., 1986; De Castro Costa

et al., 1981), reduce activity (Calvino, Crepon-Bernard, et

al., 1987; Dardick et al., 1986; De Castro Costa et al.,
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1981), hyperventilate (Colpaert & Van den Hoogen, 1983a,

1983b), and become irritable (hyperreactive) when handled

(Pircio et al., 1975). They have reduced vocalization and

withdrawal thresholds to mechanical paw pressure (Calvino,

Crepon-Bernard et al., 1987; Kayser & Guilbaud, 1983), and

to slight flexion of inflamed joints (Calvino, Crepon

Bernard et al., 1987; Kuzuna & Kawai, 1975). The

elimination of most of the pain in arthritic rats by

surgical lesions of the "pain transmission" pathways of the

spinal cord attenuates the weight loss and decreased

activity (Dardick et al., 1986). Arthritic rats also select

and develop a preference for solutions containing

nonsteroidal anti-inflammatory or low doses of opiate

analgesics (Colpaert et al., 1980; Colpaert et al., 1982).

The intake of the opiate solution has been correlated with

the time course of pain responses as measured by a change in

vocalization threshold (Colpaert et al., 1982). Thus,

arthritic rats show behavioral signs of chronic pain and a

reduction of these signs when pain is reduced.

Arthritic rats also sleep less and have significantly

more sleep preparatory (resting) behaviors (De Castro Costa

et al., 1981). In one study, the behavior of 11 rats with

adjuvant arthritis and 10 control rats was observed for one

hour each day for 50 days. Observations took place in light

hours (the time of maximal sleep in the rat). The frequency

of each behavior was quantified daily beginning with

injection day as day zero and continued for 50 days.
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Arthritic rats showed a statistically significant increase

in resting behaviors during the acute (15 to 30 days post

injection) and post-acute (30 to 50 days post-injection)

phases of the illness compared to the preclinical phase (O

to 10 days post-injection) when no signs of arthritis were

present. Sleep was increased during the acute and decreased

during the post-acute phase, although the changes were not

statistically significant. Compared to control rats, there

was a statistically significant decrease in sleep behaviors

that persisted in arthritic rats throughout the clinical

course of the disease.

The observations of an increase in sleep preparatory

(resting) behaviors suggest that arthritic rats may have a

fragmented pattern of sleep similar to the changes in sleep

observed in patients with rheumatoid arthritis (Mahowald et

al., 1987; Moldof sky et al., 1983). Although arthritic rats

have a small increase in sleep during the acute phase as

compared to their sleep during the preclinical phase of the

illness, arthritic rats show less sleep compared to normal

rats. This observation suggests that arthritic rats may, in

fact, have chronic sleep loss.

Nonsteroidal Anti-inflammatory Analgesics

Since reduction of pain attenuates weight loss and

decreased activity in arthritic rats, interventions to

relieve pain, such as the administration of NSAIAs, may also
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improve sleep patterns. Adjuvant arthritic rats have been

used extensively to evaluate anti-inflammatory,

immunosuppressive, and other drugs used in the treatment of

arthritis (Ackerman et al., 1979; Butler et al., 1985;

Colpaert et al., 1980; Hirose & Jyoyama, 1971; Kuzuna &

Kawai, 1975; Pircio et al., 1975; Okuyama & Aihara, 1984b;

1984c ; Walz, DiMartino, & Misher, 1971; Winter & Nuss, 1966;

Winter et al., 1979).

The analgesic efficacy of a number of these NSAIAs,

including aspirin and acetaminophen, has been evaluated in

arthritic rats. Both aspirin and acetaminophen in doses

ranging from 9 mg/Kg to 250 mg/Kg reduce vocalization

thresholds to pressure, pinch, and flexion of inflamed

joints in arthritic rats (Hirose & Jyoyama, 1971; Kuzuna &

Kawai, 1975; Pircio et al., Okuyama & Aihara, 1984c).

Aspirin

Aspirin is a widely used NSAIA for the management of

arthritis pain and inflammation. Its anti-inflammatory,

antipyretic, and analgesic effects are well established in

clinical practice. It is generally accepted that aspirin

acts by inhibiting the formation of prostaglandins from the

metabolism of arachidonic acid (Ferreira, 1972, 1979;

Ferreira, Moncada, Vane, 1973; Shearn, 1984; Vane, 1971).

Prostaglandin synthesis and release are enhanced by a

variety of stimuli that produce inflammation. Prostaglandin

E2 (PGE2) and prostacyclin or prostaglandin I2 (PGI2) have

been shown to induce hyperalgesia presumably by sensitizing
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peripheral nociceptors to chemical and mechanical stimuli

(Ferreira, Nakamura, de Abreu Castro, 1978; Flower &

Blackwell, 1976). Thus, it is reasonable to conclude that

aspirin would produce analgesia secondary to its peripheral

action on inflamed tissue and joints.

There is also increasing evidence that prostaglandins

and aspirin have effects on the central as well as the

peripheral mechanisms of pain (Chen & Chapman, 1980;

Guilbaud, Benoist, Gautron & Kayser, 1982; Ferreira,

Lorenzetti, Correar, 1978; Ferreira, 1979). For example,

the intravenous administration of aspirin has been shown to

decrease the discharge rates of thalamic neurons produced by

movement of inflamed joints in arthritic rats (Guilbaud et

al., 1982). Since nuclei in the thalamus are known to drive

both the de synchronized (waking) and synchronized (SWS) EEG

patterns of the cerebral cortex (Steriade, 1984), and

thalamic nuclei that mediate somatosensory information

reduce their firing rates during SWS compared to wakefulness

(Steriade & Hobson, 1976), aspirin may reduce the

responsiveness Of thalamic nuclei and enhance the

development and maintenance of SWS.

Acetaminophen

Acetaminophen has similar well-established antipyretic

and analgesic effects in clinical practice, although

acetaminophen is generally not considered to have anti

inflammatory activity (Ferreira, 1979; Shearn, 1984).

Acetaminophen inhibits prostaglandin synthesis, although
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the mechanisms of its analgesic effects are not as well

understood as those of aspirin. Acetaminophen may have more

central analgesic than peripheral effects in the central

nervoll S system (Okuyama & Aihara, 1984c). Because

acetaminophen does not have anti-inflammatory effects, it

may be more specific for the study of the effect of pain

reduction on sleep in arthritic rats.

Additional Considerations

An important question for this study concerns the

possible role of prostaglandins as a neuromodulator in the

regulation of sleep. Intracerebroventricular infusions of

small doses of prostaglandin D2 (PGD2) has been shown to

increase SWS and PS by 20% during the hours of maximal

wakefulness in the rat (Inoue et al., 1984; Ueno, Ishikawa,

Nakayama, & Hayaishi, 1982; Ueno, Honda, Inoue, & Hayaishi,

1983) and in the nonhuman primate (Ueno et al., 1987). In

larger doses than PGD2, PGF2 (alpha) also increased SWS and

PS in the rat, however, PGE2 did not have any effects on

sleep (Ueno et al., 1983).

Further support for the hypothesis that prostaglandins

are involved in the humoral regulation of sleep emerges from

recent observations that the NSAIA, indomethacin, markedly

inhibits sleep in rabbits and cats (Krueger, Pappenheimer, &

Karnovsky, 1982) and reduces sleep by 10 to 20% in rats

(Naito, Ueno, Hayaishi, Honda, & Inoue, 1987). On the other

hand, acetaminophen administered to rabbits and cats had no

effects on sleep (Krueger et al., 1982).
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There have been no studies that describe the effects of

aspirin or acetaminophen on sleep patterns in the rat. In

addition, there are conflicting reports from two studies on

the effects of aspirin on human sleep patterns. Compared to

placebo, 1800 mg of aspirin taken at bedtime significantly

reduced SWS and significantly increased stage 2 sleep in

young woman (Horne, Percival, & Traynor, 1980), while 325 mg

of aspirin significantly increased only the total sleep time

of patients with insomnia (Hauri & Silberfarb, 1980). Thus,

more research is needed to clarify the possible role of

prostaglandins in the regulation of mammalian sleep and the

effects of prostaglandin synthetase inhibitors on sleep

patterns.

An additional confounding variable in the study of

sleep patterns in the adjuvant arthritic rat model of

chronic pain is the influence of body temperature on sleep.

Since changes in body temperature can affect sleep

(Kadlecova, Masek, Raskova, & Rotta, 1972; Karacan, Wolff,

Williams, Hursch, & Webb, 1968) and elevations of body

temperature have been reported in arthritic rats (Colpaert

et al., 1980), body temperature is important to monitor in

arthritic rats in order to evaluate its possible effects on

sleep.
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Rationale and Research Questions

The rationale underlying this study is that chronic

pain may be related to disturbed sleep patterns. Research

supports the presence of disturbed sleep patterns in

patients with rheumatic diseases and pain, although it is

unclear that these disturbed sleep patterns are caused by

pain. The major question of this study was: What is the

effect of chronic pain on the diurnal patterns of sleep and

wakefulness in the arthritic rat? Observations from studies

of rats with adjuvant arthritis show that interventions to

relieve pain reduce pain-related behaviors. Thus, a

relevant question for this study was: What is the effect of

NSAIAs, used to treat pain, on sleep patterns in the

arthritic rat? The specific research questions that guided

this study were:

1. During the first three hours of the light

and dark periods, what are the differences

between nonarthritic and arthritic rats in

sleep patterns,

(a) wake and sleep stages (expressed as

percentage of total recording time in each

time period);

(b) total sleep time (sum of LS, HS1, HS2,

and PS, expressed as percentage of total

recording time in each period);
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(c) number and duration of wake and sleep

stage episodes (number of times a stage

occurred in each time period); and

(d) number and duration of sleep bouts

(periods of uninterrupted sleep time)2

Is there a correlation between the

severity of arthritis and sleep stages and

sleep bouts in arthritic rats?

What is the effect of arthritis on the

diurnal variation in EEG slow-wave activity

in the arthritic rat compared to the

nonarthritic rat?

Following a single dose of aspirin or

acetaminophen, administered to nonarthritic

and arthritic rats at the onset of the

light and again at the onset of the dark

hours,

(a) what are the changes in wake and sleep

stages, number and duration of sleep bouts;

(b) what is the effect of analgesia on

Wake and sleep stages in arthritic rats?
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CHAPTER III

METHODS

Design

An experimental design was used to measure sleep

patterns in nonarthritic (control) and arthritic rats. Each

rat served as its own control (i.e., each rat was studied

before and after it was arthritized).

There were four groups of rats used in this study. One

group of rats (n = 7) had sleep patterns recorded for two

baseline days and again for two days after they developed

arthritis. Two groups of rats also received a morning and

evening dose of either acetaminophen (n = 9) or aspirin (n =

8) for one day, and an additional group of rats (n = 6)

received saline. Rats in the acetaminophen, aspirin, and

saline groups had sleep patterns recorded for four

consecutive days (two pre-drug, one drug, and one post-drug

day) and again for four consecutive days after they

developed arthritis.

Sample

The experiments were performed on 30 male Sprague

Dawley rats (250-350 g, Banton Kingman, Fremont, CA). Rats

were used as subjects in these experiments because of the
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availability of the adjuvant arthritis disease model of

chronic pain in this species. This form of arthritis, (See

Chapter 2, ) induced by the intradermal injection of

Mycobacterium butyricum in the tail, elicits bilaterally

symmetric inflammation and joint swelling that has similar

features to that observed in patients with rheumatoid

arthritis (Glenn & Gray, 1965; Pearson, 1956; Pearson &

Wood, 1959; Rosenthale & Copetola, 1982; Waksman et al.,

1960). Onset of clinically apparent arthritis (swelling and

tenderness) occurs approximately two weeks after the

injection of adjuvant and remains active for at least two

more weeks.

Ethical considerations.

This study followed the guidelines of the International

Association for the Study of Pain (IASP) for investigating

experimental pain in animals (Committee for Research and

Ethical Issues of the IASP, 1980). The duration of the

experiment was kept to a minimum and the number of animals

used was small. The rats were housed with no more than two

rats per cage to reduce the possibility of painful contact

between them. The floor of the recording cages and home

cages were covered with soft sawdust. Food was available at

the level of the cage floor, and drinking water was within

easy reach. Approval for the study was obtained from the

animal research committee of the University of California,

San Francisco.
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Measures and Procedures

Arthritis

Adjuvant arthritis was induced in all rats by the

intradermal injection in the tail of O. 15 ml of a 10 mg/ml

solution of heat-killed Mycobacterium butyricum (Difco,

Detroit MI) in mineral oil (Pearson & Wood, 1959). To

monitor the severity of arthritis, a 0 to 3 rating scale was

used in which 0 = no signs of swelling, 1 = minimal, 2 =

moderate, and 3 = severe swelling (Dardick, et al., 1986).

The scores for swelling were measured daily in each paw

beginning on post-injection day 10. The score for each paw

was summed to yield a daily clinical score of arthritis

severity (range O to 12) for each rat. The daily clinical

scores for each rat were averaged for the days that the

sleep EEG was recorded. All scoring of arthritis severity

was done by the principal investigator.

Inter-rater reliability of the arthritis severity

scores was established using a comparison between the

clinical scores measured on the day following the completion

of sleep recordings in arthritic rats (n = 7) and

radiographs of disease pathology that were taken on the same

day. Radiographic scores for each paw were determined

independently by a skeletal radiologist using the rating

scale of Ackerman et al. (1979) in which O indicated no

joint injury, 1 = mild, 2 = moderate, and 3 = severe joint

injury. The arthritis severity SCO res correlated
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significantly (r = . 8907, p<0. O1) with scores of severity of

joint injury derived from the radiographs.

Drugs

Aspirin and acetaminophen (Sigma, St. Louis, MO) were

dissolved in saline in , a concentration of 10 mg/ml. The

doses for aspirin and acetaminophen used in this study were

determined in pilot experiments of rats with adjuvant

arthritis (n = 5). The analgesic effects of aspirin and

acetaminophen were measured by paw withdrawal threshold

(Randall & Selitto, 1957). Doses of 30 mg/Kg and 200 mg/Kg

administered into the peritoneal cavity (IP) to these

arthritic rats produced significant elevations in paw

withdrawal thresholds for aspirin (p<0.005) and for

acetaminophen (p<0.001).

In the present study, initial trials of 200 mg/Kg of

aspirin and acetaminophen administered IP to normal rats

greatly inhibited sleep. In addition, the overall EEG

amplitude was reduced and theta frequency was less than 4

Hz. Therefore, rats received either 30 mg/Kg of aspirin or

30 mg/Kg of acetaminophen, with each drug dose corrected for

body weight. A separate group of rats received an equal

volume of saline.

Sleep and Wake Pattern Characteristics

Stage criteria.

Sleep and wake patterns were measured by polygraph

recordings of EEGs and EMG's. These recordings were divided

into thirty-second (30 s) epochs and scored, blind, into
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wakefulness or one of four sleep stages according to the

classification of Mistlberger et al. (1983). The latter

scales distinguish Wake, LS, HS1, HS2, and P.S. In this

study Wake was defined by a low-amplitude EEG accompanied by

high-amplitude tonic and phasic EMG activity. LS (a

transition stage from wake to sleep and from one sleep stage

to another) was differentiated from wake by a decrease in

the tonic and an absence of phasic muscle activity. HS1 was

scored as present when the amplitude of the EEG was high and

the amplitude of the EMG was low for at least 30% and less

than or equal to 50% of an epoch. HS2 was scored as present

when the amplitude of the EEG was high and the amplitude of

the EMG was low for more than 50% of an epoch. PS was

defined by a low-amplitude EEG, a higher amplitude of EEG

theta activity than that of Wake or LS, and the absence of

EMG activity, except for occasional muscle twitches. Wake,

LS, and PS had to comprise 50% or more of an epoch to be

scored as present in that epoch. If none of the above

stages occupied at least 50% of an epoch, the stage that

occupied the greatest part of the epoch was scored as

present in the epoch.

To establish the reliability of the scoring criteria

used in this study, three baseline and three arthritic sleep

records We re scored independently by the principal

investigator and a research assistant. Inter-rater

reliability for scoring nonarthritic sleep records was . 8217

(Kappa, p<0. OO1) and . 7676 (Kappa, p<0.001) for arthritic
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sleep records. However, all the records were scored by the

principal investigator.

Sleep pattern variables.

Sleep pattern characteristics included (a) the

percentage of recording time spent in Wake or in one of the

sleep stages, (b) total sleep time (TST), (c) the number and

duration of stage episodes, and (d) the number and duration

of sleep bouts. The percentage of Wake and of each sleep

stage were used to describe the overall characteristics of

the diurnal sleep and wakefulness patterns in nonarthritic

and arthritic rats. Sleep stage episodes and sleep bouts

were measured for each recording period in order to

characterize fragmentation in the pattern of sleep.

Stages.

The percentage of recording time spent in each stage

was measured by dividing the sum of each stage in epochs (an

epoch was equal to a 30 s segment of time) by the sum of all

the epochs in a recording period (e. g., sum of all the 30 s

epochs of wake/sum of all epochs in a recording period).

The percentage of TST was the sum of all the epochs of LS,

HS1, HS2, and PS divided by the sum of all the epochs in a

recording period.

Stage episodes.

Sleep and wake stage episodes were the number of times

an individual sleep or wake stage, of at least 30 s

duration, occurred during a recording period. Stage

episodes were measured by counting the number of times an
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individual epoch of each stage and consecutive epochs of

each stage were scored during a recording period. The mean

duration of a stage episode was determined by dividing the

sum of all the epochs of a stage in a recording period by

the number of episodes of that stage.

Sleep bouts.

Sleep bouts were uninterrupted periods of sleep time.

The number and duration of sleep bouts were measured as

consecutive 30 s epochs scored as LS, HS1, HS2, and/or PS

that occurred between at least one minute (two consecutive

epochs) of wakefulness (Mistlberger et al., 1983).

EEG Amplitude and Delta Activity

The relative amplitude (voltage) of and the amount of

delta (slow-wave) activity in the EEG, during episodes of

HS2, were measured to determine if arthritic rats have a

diurnal variation in slow-wave EEG activity. To measure EEG

amplitude the polygraph output of the EEG signal was

filtered with the low pass at 2Hz and the high pass at 16Hz

(3 dB, 24dB oct) and to measure slow-wave activity the EEG

signal was also filtered with the low pass at 2Hz and the

high pass at 4Hz. Filtered signals then were quantified by

resetting integrators (University of Chicago Sleep

Laboratory, University of Chicago, Ill) such that the

integrator resets were proportional to accumulated voltage

over time. Integrator resets were calibrated with a 50uV

signal at 5Hz for the filtered EEG from 2Hz to 16Hz and at

2.5Hz to calibrate the band-pass filtered signal from 2Hz to
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4Hz. Integrator outputs were summed in 30 s epochs and

printed on a timer/counter as described by Rosenberg et al.

(1976).

Integrator resets of EEG amplitude from the two filters

were sampled from one rat at a time. Epochs of high

amplitude NREM sleep that met the criteria for scoring HS2

were identified by visual inspection. Paper tracings were

scored continuously and the printout of the integrator

resets were noted until a sample of 25 reset values of HS2

epochs were obtained. These integrator reset values were

measured at three time periods (08. OO-11. OOh, 11. OO-14. OOh,

and 20. OO-23. OOh) on the second day of sleep recordings in

nonarthritic and arthritic rats.

Temperature

Since changes in body temperature can affect sleep

(Gillberg & Akerstedt, 1982; Kadlecova, Masek, Raskova, &

Rotta, 1972; Karacan, Wolff, Williams, Hursch, & Webb,

1968), and body temperature may be elevated in arthritic

rats (Colpaert et al., 1980), core temperature was recorded

in nonarthritic and arthritic rats. Rats had a small

thermally sensitive transmitter (Minimitter, Model VM, Sun

River, Oregon) surgically inserted into the peritoneal

cavity at the same time that EEG and EMG electrodes were

implanted (De Castro & Brower, 1977). This miniature

transmitter emits a pulse that can be received on an AM

radio. The signal it emits was recorded on a Grass Model

99C polygraph. Each Minimitter was calibrated using the
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average of 300 pulse intervals at two known º' C (27 ° and 45

°) to create a linear graph. This graph was used to convert

the average of 300 pulse intervals recorded in cm/sec into *

C. Core temperature was recorded at 07.00h, 10.00h, 13.00h,

19. OOh, and 22. OOh on the days that sleep patterns were

recorded.

Surgical Preparation and Recordings

Rats were anesthetized with sodium pentobarbital (50

mg/Kg) and stainless steel wire electrodes were placed on

the dura through holes drilled in the skull. To permit

comparison of EEG amplitude measurements among rats,

standard placements of electrodes were used in all rats. To

record EEG from the left lateral cortex, one pair of

electrodes was placed with the anterior electrode 2 mm

posterior and 3 mm lateral to bregma, and the posterior

electrode 2 mm anterior and 4 mm lateral to lambda. To

record EEG-theta activity, two electrodes were implanted

within 1 mm of the skull midline, one electrode 3 mm

anterior to bregma and the other one-half way between bregma

and lambda (Bergmann et al., 1987). To record EMG activity,

two silver wire electrodes were placed under each temporalis

muscle (Rosenberg et al., 1976). All electrodes were secured

to the skull with dental acrylic.

All rats were allowed one week to recover from surgery

and one day to adapt to the environment of the recording

cage. After polygraph sleep patterns were recorded in the

rats, they were arthritized. Approximately two weeks later,
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after the onset of clinical signs of arthritis, arthritic

rats were allowed to readapt to the recording cage for one

day. All rats had sleep patterns recorded for two

consecutive days before and after they were arthritized.

Rats in the acetaminophen, aspirin, and saline groups had

sleep patterns recorded for two additional days (drug and

post-drug days).

Throughout the study, including time in home cages and

recording cages, rats were maintained on a 12 hour light,

dark schedule with lights on at 08.00h. Food and water were

available ad lib.

On each day of polygraph recordings, approximately one

hour before lights-on (08. OOh) and the start of the EEG

recording sessions, a cable was attached to the electrodes

and the rats were placed in plexiglas cages (12 cm x 21 cm

floor, 15 cm high), located in a sound attenuated chamber.

The ambient temperature of the plexiglas recording cages was

23 ° C (+ 2 ° C). EEG and EEG-theta activity were filtered

(Grass Model 7B polygraph) with the low pass at 0.3Hz and

the high pass at 35Hz and recorded at a sensitivity of 200

uV/cm. EMG activity was filtered with the low pass at 10Hz

and the high pass at 35Hz and recorded at a sensitivity of

20 uv/cm or 30 uv/cm. Paper speed was 2.5 mm/sec.

When rats are maintained on a 12 hour light-dark cycle,

high-amplitude NREM sleep and the slow-wave portion of NREM

sleep show a diurnal pattern (Bergmann, Mistlberger, et al.,

1987; Borbely & Neuhaus, 1979; Rosenberg et al., 1976).
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Accordingly, sleep patterns were recorded in all rats for

three hours at the beginning of the light period (O8. OO

11. OOh) and again for three hours at the beginning of the

dark period (20.00-23. OOh). The results from pilot studies

in rats given single doses of aspirin and acetaminophen at

the beginning of the light period indicated that sleep and

wake patterns were different between 08.00-11. OOh and 11.00

14. OOh. Therefore, rats in the aspirin, acetaminophen, or

saline groups had their sleep recorded for three additional

hours between 11. OO-14. OOh.

On drug day acetaminophen, aspirin, or saline, was

administered 10 minutes before lights on (08. OOh) and again

that evening 10 minutes before lights off (20. OOh).

Polygraph recordings were begun approximately one-half hour

before the injections were given, and continued for six

hours in the light period and for three hours in the dark

period.

Data Analysis

Sleep Stages and Episodes

The percentage of total recording time spent in Wake or

in a sleep stage and the mean number and duration of stage

episodes were calculated for individual rats for the three

hour recording periods in light (08. OO-11. OOh, a.m.) and in

dark (20. OO-23. OOh, p.m.) hours. To compare sleep patterns

between nonarthritic and arthritic rats, the sleep data were
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averaged for the first two days of recordings. The mean

percentage of the sleep stages were analyzed with a

Multivariate Analysis of Variance (MANOVA) to take into

consideration the correlations among the percentages of time

in each stage. A two-way ANOVA with repeated measures was

employed for significance testing of the effects of

arthritis and time of day (a.m. or p.m.) on sleep patterns.

The number and duration of sleep stage episodes were

analyzed univariately using the same ANOVA design. When

there was a significant overall interaction of arthritis and

time factors, then the paired Student's t-test was used to

compare groups of nonarthritic and arthritic rats. To avoid

a possible Type-I error, the significance level for the post

hoc t-tests was set at p30. O1.

Sleep Bouts

Because duration of sleep bouts vary considerably in

the rat (Timo-Iaria et al., 1970), the paired Wilcoxon

signed-ranks test was used to compare the number and

duration of these bouts in nonarthritic and arthritic rats.

For this analysis, the significance criterion was set at

p“O. O5.

Arthritis Severity and Sleep Patterns

To examine a possible relationship between the severity

of arthritis and the extent of alterations in EEG sleep

patterns, Pearson product-moment correlation coefficients

were used to compare severity of arthritis score with the

percentage of Wake, each stage of sleep, TST, and also the
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number and duration of sleep bouts for both light (O8. OO

11. OOh) and dark (20. OO-23. OOh) hours. The significance

criterion was set at p-0. O5.

EEG Amplitude and Delta Activity

Because the variance in the absolute values of the EEG

amplitude resets for the 2Hz-4Hz and 2Hz-16Hz across the

nonarthritic and arthritic rats Wa S large, Z - score

transformations were made of all integrator reset values of

EEG amplitude using procedures described by Rosenberg et al.

(1976). Delta EEG activity was expressed as a ratio of 2Hz

4Hz reset values/2Hz-16Hz reset values and then Z-scores of

these ratios were calculated. Since the variance between

groups of nonarthritic and arthritic rats was not

homogenenous and the number of rats for this analysis was

small, the paired Wilcoxon signed-ranks test was used to

compare EEG amplitude (2Hz-16Hz) and delta activity (2Hz

4Hz/2Hz-16Hz) reset values. The statistical significance

criterion for this analysis was set at p30. O5.

Drug Effects

For the analysis of drug effects on sleep stages in

nonarthritic and arthritic rats, three days of polygraph

recordings were used. The recordings on pre-drug, drug, and

post-drug days were each blocked into two time periods; six

hours in the light (O8. OO-14. OOh) and 3 hours in the dark

(20.00-23. OOh). Within each block of time the percentage of

each stage initially was scored and inspected on a thirty

minute and an hour-by-hour basis. The hourly percentages of
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the stages were selected for statistical analyses and data

presentation after inspection revealed that the major

systematic changes which resulted from the drugs were

captured by the hourly mean values. Because the percentage

of recording time spent in low-amplitude NREM sleep did not

vary in groups of nonarthritic and arthritic rats, this

stage was not used in the analyses of drug effects.

Originally, an ANOVA with one between group factor

(drug) and three repeated measures factors (arthritis, day,

and time) was planned for the analysis. Since some

nonarthritic rats did not subsequently develop arthritis,

and since some rats were only recorded after they developed

arthritis, the group size and composition differed among

groups of rats. Therefore, data on sleep patterns in groups

of nonarthritic and arthritic rats were evaluated separately

to address the question of drug effects in normal and in

arthritic rats. Because the variance was not homogenenous

between groups of nonarthritic rats, the Kruskal-Wallis one

way ANOVA of ranks was used to compare the effects of drug

among the three groups of nonarthritic (acetaminophen,

aspirin, or saline) rats. The Mann-Whitney U test was used

to compare the effects of drugs between two groups of

arthritic rats (acetaminophen, or aspirin). The saline group

was omitted from this latter analysis because the sample

included only two rats. The statistical significance

criterion for the group comparisons was set at p <O. O5.

To address the question of the effects of analgesia on



61

sleep in arthritic rats, data on sleep patterns were

compared between nonarthritic and arthritic rats in the no

drug group (i.e., arthritic rats experiencing pain) and

nonarthritic and arthritic rats in the acetaminophen and

aspirin groups (i.e., arthritic rats experiencing reduced

pain). Since both acetaminophen and aspirin have a peak

analgesia effect several hours after they are administered

to arthritic rats, sleep data on rats in the acetaminophen

group and in the aspirin group were combined to form one

drug group. An ANOVA with one between group factor (drug)

and one repeated measures factor (arthritis, sleep patterns

before and after rats were arthritized) was used for this

analysis. Since the number of recording days and number of

recording hours in the light period differed between rats in

the no drug group from those in the combined drug (aspirin

and acetaminophen) group, the third light hour from the

second day of recordings for the no drug group was compared

to the third and fourth light hours from the drug day of

recordings for the rats in the combined drug group. In

addition, the third hour in the dark period from the same

days was compared. The statistical significance criterion

for this analysis waw set a p<0.05.

For the analysis of drug effects on the number and

duration of sleep bouts, the data were blocked into three

hour time periods (08. OO-11. OOh, 11. OO-14. OOh, and 20. OO

23. OOh). The Kruskal-Wallis one-way ANOVA of ranks was used

to compare the mean number and duration of sleep bouts among
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the groups of nonarthritic rats, and the Mann-Whitney U test

was used for the analysis of the groups of arthritic rats.

Subsequently, the paired Wilcoxon signed-ranks test was used

to compare groups of nonarthritic and arthritic rats between

the pre-drug, the drug, and post-drug day and between the

time periods within each group in each day.

To evaluate whether drug (acetaminophen or aspirin) or

severity of arthritis (severity score) was more closely

associated with changes in sleep patterns, hierarchial

regression analyses were performed in which the drug was

scored as a dummy variable. To apportion the observed

changes in sleep patterns between the two possible

contributing factors, severity of arthritis and drug, a

model of the form Y = B1 (severity) + B2 (drug) + A was

performed. Statistical significance was set at p30. O5.

Temperature

For the analysis of temperature in rats before and

after they were arthritized, the paired Student's t-test was

used to compare core body temperatures recorded at 10. OOh

and 22. OOh. Core body temperatures recorded at 10. OOh and

22. OOh were used for statistical comparison, because these

two points, separated by 12 hours, showed the largest

diurnal variation in body temperature in normal rats (De

Castro, 1978). Statistical significance was set at p-O. O5.
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CHAPTER IV

RESULTS

The presentation of results is organized into sections

according to the research questions that guided this study:

1. During the first three hours of the

light and dark periods, what are the

differences between nonarthritic and arthritic

rats in sleep patterns

(a) Wake and sleep stages (expressed as

percent of recording time for each

time period),

(b) total sleep time (TST, sum of LS, HS1,

HS2, PS, expressed as a percent of total

recording time for each period),

(c) number and duration of Wake and sleep

stage episodes (number of times an

individual stage occurred in each time

period),

(d) number and duration of sleep bouts

(periods Of uninterrupted sleep time)2

2. Is there a correlation between the

severity of arthritis and the percentage of

Wake and sleep stages and the number and

duration of sleep bouts in arthritic rats?
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3. What is the effect of arthritis on the

diurnal variation in EEG slow-wave activity

in arthritic rats compared to nonarthritic rats?

4. Following a single dose of aspirin or

acetaminophen, administered to nonarthritic

and arthritic rats at the onset of the light

and again at the onset of the dark hours,

(a) what are the changes in Wake and sleep

stages and in the number and duration

of sleep bouts; and ---

(b) what is the effect of analgesia on Wake

and sleep stages in arthritic rats?

The next section presents an evaluation of arthritis

severity versus the effect of aspirin or acetaminophen on

Wake and sleep stages. The final section of this chapter

describes changes in body temperature in arthritic rats.

Sleep Patterns in Nonarthritic and Arthritic Rat

Diurnal Variations in Wake and Sleep Stages

Nonarthritic rats (n = 19) showed a diurnal variation

in sleep and wakefulness with significantly more HS2

(p<0.001) and Wake (p<0.001) during the light than the dark

period (Table I). In contrast, arthritic rats (n = 19) did

not have a significant diurnal variation in the percentage

of Wake (p-O. O1) (Table I). Although the percentage of HS2

was substantially reduced both in light and dark periods in
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arthritic rats compared to nonarthritic rats (Table I),

arthritic rats retained a significant diurnal variation in

HS2 sleep (p<0.01).

Comparison of Wake and Sleep Stages in Nonarthritic and

Arthritic Rat

Within the light period, arthritic rats showed a

significantly higher percentage of time in Wake (p<0.001),

in LS (p<0.001), and in HS1 (p<0. O1) than nonarthritic rats

(Table I). Arthritic rats also showed a more than a 50

percent reduction in the mean percentage of time spent in

HS2 (p<0.001) and PS (p<0.001) (Table I). Despite the

significant increases in LS and HS1 in arthritic rats, the

mean percentage of TST was significantly reduced in these

rats (49.9% + 11.5%) compared to nonarthritic rats (66.4% +

8.0%) (p<0.001).

During the dark period, arthritic rats spent

significantly more time in LS (p<0. OO1) and less time in HS2

(p<0. O1) than nonarthritic rats (Table I). However, the

percentages of Wake, HS1, and PS were similar between

arthritic and nonarthritic rats (Table I). In addition, the

percentage of TST during the dark period was similar in

arthritic (41.7% + 10.3%) and nonarthritic (44.3% + 11.9%)

rats (p-0. O5).

On the basis of changes in the percentages of Wake and

sleep stages, arthritis produced a chronic reduction in deep

sleep (HS2) and PS and increases in Wake, LS, and HS1 during

the light period. These alterations in Wake and sleep

º
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stages during the light period eliminated the normal diurnal

variations in sleep and wakefulness patterns.

Table I

Mean Percentage of Period Recording Time in Wake and
Sleep Stages

Nonarthritic Arthritic

O8. OO-11. OOh 2 O. OO-23. OOh O8. OO-11. OOh 2 O. OO-23. OOh

Wake 33.4+8.0a, p 55.3+11.6a 50.3+11.4p 57.9+9.9

LS 4.2+2. Oe 4. Of 1.8d 11.1+ 4.3e 9. Of 4.3d

HS1 14.7+4. Oe 15.1+ 4.8 20.1+ 6.8e 16.3+4.8

HS2 36.946.5 f,g 16.5+ 6.3 f, i. 13.1+ 5.7g,h 9.945. lh, i

Ps 10.5+2.9% 8. 4+ 3.5 5.3+ 2.5; 6. 6+2. 1

n = 19, mean + S. D.

MANOVA: Arthritis effect; F 5, 14 = 27 .356, p<0.001;
univariate f values: ■ Wake, #1 18 = 18.005, p<0.001; LS,
fi, 18 = 47. 642, p<0.001; HS1, filia = 7.621, p<0.013; HS2,
fi! is = 96.626, p<0.001; Ps, fl. 1s = 45.619, p<0.001.
Time effect; F5, 14 = 62.789, p<0.001; univariate f values: %
Wake, f1, 18 = £2:316, p:0.001; LS, f1 = 6.509, p<0.02;
HS1, fl. 13 = 1.880; HS2, f1, 18 = %53*■■ , p:O. OOO1; PS,
fl, 18 -

§§as?.
Interaction effect; F5, 14 = 16.964, p<0.001; univariate f
values: % Wake, fl, 18 + 3.543. p“O.O2; LS, fl, 18 = 7.527,
p30. O2; HS1, £1, 18 = 6. 244, p<0.03 ; HS2, * 1, 18 = 44.847,
p-O. OO1; PS, fl. 18 = 4.959, p<0.04.

Significant post hoc paired Student's t-test comparisons are
indicated by pairs of letters, all p-0. Ol.
For abbreviations, see text.

*
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Comparison of Stage Episodes in Nonarthritic and

Arthritic Rats

During both the light and dark periods, arthritic rats

had more episodes of Wake, LS, and HS1, and fewer episodes

of HS2 and PS than nonarthritic rats (Table II). ANOVA of

the mean number of stage episodes yielded significant

effects due to arthritis for Wake and for all stages of

sleep, and significant effects due to time of day for the

three NREM stages of sleep (Table III). An interaction

between arthritis and time of day was significant for only

the mean number of LS episodes (Table III). Arthritic rats

had significantly more episodes of LS than nonarthritic rats

during both light and dark periods (both p30. OO1).

Table II

Mean Number of Wake and Sleep Stage Episodes + S. D n = 19.

Wake LS HS1 HS2 PS

Light period

Nonarthritic 14.9 12. 3 35. 1 31. 9 11.4

+4.1 +4.6a + 7.8 + 6. O +3.4

Arthritic 2O. 6 26. 1 4.1. 1 27. 1 6. 3

+ 6. 2 #7.8a + 1 O. 1 +8.4 +3.9

Dark period

Nonarthritic 14.3 11. 3 3 O . 9 26.8 9.3

+2.6 #5. Ob +8.4 +8.5 +4.3

Arthritic 2O. 8 21. 1 36. O 21. 1 7.7

+5.1 #6. 3b +8. O +8.8 +2. T

Post hoc paired Student's t-test comparisons are indicated
by pairs of letters, both p30. OO1.
Abbreviations are in the text.
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Table III

Analysis of Variance for Stage Episode Number

Source (Factor) Stage MSS F

Arthritis (A)
Wake 651. 398 15. 212 k +

42.821
LS 265 6.593 59.513 k k k

44. 639
HS1 584. 898 6. 444 k

90. 765
HS2 529. 827 6.9 O1 k

76. 770
PS 212. 22O 29.978 k + k

7. O79
Time (T)

Wake 3. 729 O. 323
11. 537

LS 174. O13 1O. 768 k +
16. 160

HS1 405. 28O 7.255 k
55.866

HS2 583. 450 14.632 k +
39.91O

PS 2. TO3 O. 31
8. 727

Interaction (A x T.)
Wake O. 5 OO O. O49

1O. 129
LS 74. O13 6. 195 k

11. 947
HS1 5. 531 O. O.84

66. O58
HS2 3. 654 O. O57

64. OO6
PS 58.480 3.974

14. 717

df = 1, 18; * = p <0.03; * * = p <0.01; * * * = p <0.001.
For abbreviations, see text.

Arthritis and time of day had significantly larger

effects on the duration of HS2 episodes than on the other

stages of sleep or Wake. ANOVA of the mean length of HS2

episodes yielded significant effects due to arthritis (F =



69

72.804, df = 1, 18, p<0.001), time of day (F = 123.407, df =

1, 18, p<0. OOl), and to an interaction between arthritis and

time of day (F = 62. 27, df =1, 18, p<0.001). During both the

light and dark periods, arthritic rats (n = 19) had

significantly shorter episodes of HS2 (0.9 + 0.2 min light;

O. 8 + 0.2 min dark) than nonarthritic rats (n = 19, 2.25 +

O. 6 min light; 1. O5 + 0.2 min dark) (p<0. OO1 light; p <0. O1

dark). Although nonarthritic rats had a significant diurnal

variation in the length of HS2 episodes (p<0.001), the

length of these episodes was the same in both time periods

in arthritic rats (p-O. O5).

When the effects of arthritis and time of day were

considered together, the length of HS1 episodes increased

more than when each factor was considered independently (F =

12. 399, df = 1, 18, p<0.01). Post hoc comparisons of groups

of nonarthritic and arthritic rats revealed a statistically

significant small increase in the duration of HS1 episodes

in arthritic (O. 9 + 0.15 min) than nonarthritic (O. 8 + 0.35

min) rats in the light period (p<0. Ol).

The mean duration of episodes of LS was significantly

longer in arthritic rats than nonarthritic rats during both

light (O. 8 + O. 1 min arthritic; O. 65 + 0.1 min nonarthritic)

and dark (O. 75 + 0.1 min arthritic; O. 6 + O. 1 min

nonarthritic) periods (F = 29. 257, d.f = 1, 18, p<0.001),

although – similar to the length of HS1 episodes - these

increases are small.

In the dark period both nonarthritic and arthritic rats
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had longer episodes of Wake (F = 12. 129, df = 1, 18, p<0.01)

and shorter episodes of PS (F = 6. 711, df = 1, 18, p<0.02).

However, the length of Wake episodes varied diurnally in

nonarthritic rats (4.5 + 1.8 min light period; 7.05 + 2.4

min dark period, p<0.01), and not in arthritic rats (5.0 +

2.5 min light period; 5.6 + 2.4 min dark period, p-0. O5).

While the length of PS episodes was also shorter in the dark

period, the actual numeric differences were small for both

nonarthritic (1.8 + 0.3 min light hours; 1.6 + 0.2 min dark

hours) and arthritic (1.7 + O. 4 min light hours; 1.6 + 0.3

min dark hours) rats.

On the basis of sleep stage episode number and

duration, arthritis produced arl increase in the

fragmentation of sleep manifested by increases in the number

of episodes of Wake, LS, and HS1, and a decrease in the

duration of HS2 episodes during both the light and dark

periods. Arthritic rats also lost the diurnal variation in

the duration of Wake episodes and had longer episodes of

NREM sleep with low (LS) and moderate (HS1) amplitude.

Arthritic rats had less episodes of PS during the light

period, but the length of these episodes were nearly the

same as that of nonarthritic rats during both the light and

dark periods.

Diurnal Variations in Sleep Bouts

Nonarthritic rats (n = 19) had longer periods of

uninterrupted time asleep during the light than dark hours.

Although the total number of sleep bouts did not differ
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significantly between the light (13.5 + 5. 2) and dark (12.2

+ 5. 35, p=0.05) periods in nonarthritic rats (Figure. 2. A),

the mean duration in minutes of a sleep bout was

significantly longer in the light (14.9 + 3.1 min) than the

dark (10.3 + 3.4 min, p<0. O1) periods (Figure. 2. B). In

comparison to the nonarthritic rats, the arthritic rats (n =

19) did not have significant differences in the number

and/or mean duration of sleep bouts between the light (20. 9

+ 7.4; 7.55 + 2.7 min) and dark (20. O5 + 6. 78; 6.2 + 1.9

min) periods (p-0. O5) (Figure. 2. A., B. )

Comparison of Sleep Bouts in Nonarthritic and Arthritic Rats

A fragmentation in the sleep pattern was also

manifested in arthritic rats by alterations in the number

and duration of sleep bouts. Arthritic rats had

significantly more sleep bouts than nonarthritic rats during

both light (arthritic 20.9 + 7.4, nonarthritic 13.5 + 5.2)

and dark (arthritic 20. O5 + 6.7, nonarthritic 12. 2 + 5. 35)

hours (both p30. OO1) (Figure. 2. A). The mean length of these

bouts in arthritic rats was also significantly shorter both

in light (arthritic 7.55 + 2.7 min, nonarthritic 14.9 + 3.1

min) and dark (arthritic 6. 2 + 1.9 min, nonarthritic 10.3 +

3.4 min) hours (both p-O. OO1) (Figure. 2. B).
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Figure. 2. A. The mean number of sleep bouts
during three hour polygraph recordings in light
(08. OO-11. OOh) and dark (20.00-23. OOh) hours (n =
19 rats). B. The mean duration of sleep bouts in
minutes for the same time periods. Sleep bout
duration = sum of total time in all sleep
bouts/total number of sleep bouts in a three hour
period. Data represent mean it S. D.
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Summary of Sleep Patterns

In the rat, experimentally induced arthritis altered

sleep in at least three ways. (1) It eliminated the normal

diurnal variations in wakefulness and total sleep. (2) It

reduced sleep, in particular the percentage of HS2 and of PS

during the hours of maximal sleep in normal rat. (3) It

produced a fragmented pattern of sleep manifested by (a)

more frequent sleep bouts and episodes of Wake of short

duration, (b) a decrease in the duration of HS2 episodes,

and (c) an increase in the number of episodes of LS and HS1

both during the time of maximal sleep and maximal

wakefulness.

Correlation of Arthritis Severity

and Sleep Patterns

The mean arthritis severity score in 19 rats was 3.5 +

2.3 (range 1.0 to 8.5). Arthritis severity scores

correlated positively and significantly with the mean

percentage of recording time spent in LS (p<0.02) and HS1

(p<0. O4) during the light period (Table VI). There was also

a positive correlation between the severity of arthritis and

the length of sleep bouts (r = .54, p<0.02).

The correlations between arthritis severity scores and

mean percentage of Wake and of TST did not reach

statistical significance (Wake, p<0.06; TST, p<0. 10) (Table

VI). In addition, there was no significant relationship

between arthritis severity scores and the mean percentages

of HS2 and of PS (Table VI).
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Table VI

Product-moment Correlations between Arthritis Severity
Scores and Sleep Stages in the Light Period
(O8. OO-11. OOh) n = 19

-

%. Stages r values p values

Wake - . 48 < . O6

LS . 57 < . O2

HS1 . 52 < . O4

HS2 - . O9 < .. 73

PS - . 25 < .32

TST . 42 < ... 10

p values = 2 tailed, df = 15.
For abbreviations, see the text.

EEG Amplitude and Delta Activity

Diurnal Variations

Nonarthritic rats (n = 7) demonstrated a diurnal

variation in mean EEG amplitude integrator reset values

(2Hz-16 Hz, 1. O6 + O. 11, O8. OO-11. OOh; -0.65 + . O4, 20. OO

23. OOh, p<0.02) and of delta activity reset values (ratio of

2Hz-4Hz/2Hz-16 Hz, O. 50 + O. 30, O8. OO-11. OOh; -1.11 + O. O4,

20. OO-23. OOh, p<0. O2) during HS2 epochs. Arthritic rats (n

= 7) had lower mean EEG amplitude and delta activity reset

values in the dark (2Hz-16Hz, -0. 43 + 0.85; 2Hz-4Hz/2Hz

16Hz, -0.64 + 0.52) compared to the light (2Hz-16Hz, 0.78 +

0.44; 2Hz-4Hz/2Hz-16Hz, 0.26 + 0.91) period. These

differences were slight relative to the large variance and

thus, were not statistically significant (EEG amplitude,
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p“O. O7; delta activity, p<0. O9).

Comparison of Nonarthritic and Arthritic Rat

Within the light period arthritic rats had

significantly lower mean EEG amplitude reset values (O. 78 +

O. 44) than nonarthritic rats (1.06 + . 11) (p<0.02), although

there were no significant differences in measures of delta

activity between arthritic (O. 26 + O. 91) and nonarthritic

(O. 50 + O. 11) rats. In contrast to the light period,

arthritic rats showed significantly higher mean reset values

of delta activity (-0.64 + 0.52) than nonarthritic (-1.11 +

O . O4) rats (p<0.02), but the mean reset values of EEG

a mplitude were similar in arthritic (-0. 43 + 0.85) and

rth onarthritic (-0. 65 + 0.36) rats.

Drug Effects

Since some nonarthritic rats studied under the baseline

< *= entrol) condition did not subsequently develop arthritis

C z--> = 8), and some rats were studied only after they

*R = ~eloped arthritis (n = 3), the effects of drugs were

*R* ~~ aluated separately for nonarthritic and arthritic rats.

*E= e saline group was not included in the analysis of drug

* F =fects in arthritic rats because the sample included only

TR->~~ rats.
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Drug Effects on Sleep Patterns, Normal Rat

Comparison of Drug Effects on Sleep Stages by Kruskal-Wallis

Analysis of Variance

Pre-drug day.

A Kruskal-Wallis ANOVA of ranks indicated a significant

difference in the percentage of HS2 stage recorded in the

first hour (H= 6.174, dif 2, p<0.05) and of PS recorded in

the second hour (H= 7. 294, df 2, p<0. O3) in the dark period.

ETUI rither analyses with Mann-Whitney U tests showed

= i gnificantly more HS2 in rats in the acetaminophen (n = 7,

C - 27 + O. O7) than rats in the saline (n = 6, O. 18 + O. O4)

“ET roups (2 =2.364, p<0.02) on pre-drug day. Although rats in

tline aspirin group (n = 7) also had more HS2 (0.26 # 0.08)

Tºti aan rats in the saline group, these differences were not

= t atistically significant (z = 1.934, p<0.06) at the O. O5

*- + -iterion level. Normal rats in the acetaminophen group had

*R =i gnificantly less PS (O. O6 + O. O6) than rats in the aspirin

SR = oup (O. 15 + 0.06) (z = 2.511, p<0.02), however, the

*R* =i fferences in PS between rats in the acetaminophen (O. O6 +

*> - oe) and saline (O. 12 + O. O6) groups did not reach

F Tit- atistical significance (z = 1.816, p<0.07). Thus, during

Tº-DH, e hours of maximal wakefulness (20.00-23. OOh) on pre-drug

*R = y, normal rats in the saline group had less HS2 than rats

F– ++. the acetaminophen group, and rats in the acetaminophen

SR = oup had less PS than rats in the aspirin group.
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Drug day.

After the administration of acetaminophen, aspirin, or

saline to normal rats at the beginning of the light and dark

periods, respectively, the percentage of HS1 in the third

light hour (H = 6. 759, d.f 2, p<0.04) and of PS in the second

clark hour (H = 7.828, df 2, p20. O2) were significantly

clifferent between groups of rats (Figures. 3. , 4. , 5.). Mann

Whitney U follow-up tests identified significantly more HS1

i rin rats given saline (O. 19 + O. O6) than in rats given
= cetaminophen (O. 11 + O. O4) or aspirin (O. 12 + O. O4) (z

= 2 - 289, p<0.03; Z =2. 146, p<0.04, respectively). Although

rºa C rmal rats in both the acetaminophen or aspirin groups had

* Fi C re PS in the second hour in the dark period than rats in

Tt I-le saline group, rats in the aspirin group had

= Ei Gnificantly more PS (O. 19 + O. O4) than rats in either the

*= <= etaminophen (O. 14 + 0.06) or saline (O. 11 + 0.04) groups

K = =1.989, p<0.05; z =2.582, p<0.01, respectively).

Thus, approximately 2.5 hours after the administration

S =E either acetaminophen or aspirin to normal rats at the

** = <inning of the light period, the percentage of HS1 was

R = <reased, although at this hour there were no significant

R = +ferences for the other stages. Approximately, 1.5 hours

+F e Ilowing the administration of aspirin to normal rats at

*-i-, e beginning of the dark period, the percentage of PS

Fi- * > <reased compared to rats given either acetaminophen or

S. *= line. This latter observation was similar to the group

F- ifferences on the pre-drug day.



78

g#
£

i

0.3

0.2

0.1

0.5

0.4

0.3

0.2

0.1

0.2

0.1

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Figure.
(n = 7).

zzº £ss,-4-º-; S$3 “e
*2%*” -->

x Q: ...... O

`s---e.” -º A `s,
"“e. ...O Ya,

-
*SS

ºs
• Sºº-º-º:######## ^^----8

' ' '..e. “‘’ $º-"

...e........ O

...8s
.2° S ^ x

*—— S-3, %. Zo
x x S. • . O

SO’.

* LEGEND:
POST DRUG A ---
DRUG

-------

PRE DRUG x —
1 I I I I I I I J

| 1 2 3 4 5 6 O || 1 2 3
LIGHT HOURS DARK

3. Effects of acetaminophen in normal rats
Mean percentage of Wake and HS1, HS2,

and PS stages of sleep (expressed as percent of
recording time in hourly intervals) in light (1-6,
O8.00-14. OOh) and dark (1-3, 20. OO-23. OOh) hours.



0.3

# O 2
O

=-3. →
_--------- - -

‘....” == sº01 | ta-i-º- *TS,

0.4 F

# O 3 |-

0.2 H. *** **** - 2 . . . . . . . O'
S.

0.1 H

0.2 H. QSS x **º-s.º
0.7 -

0.5 H

0.4 Hi 2. .

0.2 H 3--" LEGEND:
POST DRUG A ---
DRUG O . . . . . . .

PRE DRUG x —
I I I |

{ 1 2 3 4 0 || 1 2 3

LIGHT HOURS DARK

Figure. 4. Effects of aspirin in normal rats (n =
7). Mean percentage of Wake and HS1, HS2, and PS
stages of sleep (expressed as percent of recording
time in hourly intervals) in light (1–6, 08.00
14. OOh) and dark (1-3, 20.00-23. OOh) hours.

0.1 H



80

0.3 F
(■ ) .*
dº 0.2 – _2^
SQ ‘Nºw":::::::Y→. &0.1 - ...A.:”N . 1-2's SS.*

x-T &’ *.
O |-

0.5 – O
e. .."

§ 04 F ".. x

T

Sº 0.3 H

0.2 H. : Zºº,
zººs.

0.1 H *

O
-

0.2 H.
ºr- 7 <!--. A

C■ ) `º, x
+ 0.1 - &’ ~.
Sº Yy

O
-

$

0.7 H. & j
\ j

0.6 H \ j}
Cl) \ ... I

->: x-A-º-º-º:
(Ö 0.5

-
As f

> e’’’ \!8° 0.4 |-

0.3 –

LEGEND:
0.2 – POST DRUG A –––

DRUG O . . . . . . .

0.1 - PRE DRUG x —

O 1 l I 1 I I l I I h

{ 1 2 3 4 5 6 0 || 1 2 3

LIGHT HOURS DARK

Figure. 5. Effects of saline in normal rats (n =
6). Mean percentage of Wake and HS1, HS2, and PS
stages of sleep (expressed as percent of recording
time in hourly intervals) in light (1–6, 08.00
14. OOh) and dark (1-3, 20.00-23. OOh) hours.



81

Post-drug day.

On the day following the administration Of

acetaminophen, aspirin, or saline to normal rats, the

percentage of Wake and PS were significantly different

between groups of rats during the first hour in both light

(Wake, H = 7.382, df 2, p<0.03; PS, H = 8.935, df 2, p<0.02)

arid dark (Wake, H = 8. 208, df 2, p<0.02; PS, H = 7.454, dif

2 , p<0.03) periods. Further analyses with Mann-Whitney U

tests showed that rats in the saline group had significantly

rrn c. re Wake (O. 39 + O. 11) than rats in the aspirin (O. 19 +

C - 10) group (z = 2.646, p<0.01) in the first light hour, and

+ = ts in the saline group also had significantly more Wake

C G - 73 + 0.20) than rats in either the acetaminophen (0.25 +

*> – 25) or aspirin (O. 39 + 0.25) groups (z = 2.373, p<0.02; 2

E 2. OO3, p<0.05, respectively) in the first dark hour. In

t-Hºle first light hour, rats in the aspirin group had

F =i- gnificantly more PS (O. 12 + O. O5) than rats in either the

* = etaminophen (O. O5 + 0.04) or saline (O. O5 + 0.03) groups

K = = 2.5, p<0.02; z = 2.582, p<0.02, respectively). In

ST= <=>+ntrast to the light period, rats in the acetaminophen

SR = eup had significantly more PS (O. 18 + O. O9) than rats in

*-Ha e saline (0.05 + O. O5) group in the first dark hour (z

T = .562, p<0.02).
Thus, on post-drug day rats in the saline group were

*** = re awake than rats in either the aspirin or acetaminophen

** = eups during both light and dark hours. In addition, rats

* > the aspirin group had an increase in PS in the light and
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rats in the acetaminophen group had an increase in PS in the

dark period.

Summary.

During the hours of maximal sleep in the rat (08. OO

11. OOh) aspirin and acetaminophen produced a small reduction

in NREM sleep. On the day following administration of

a spirin or acetaminophen, rats were less awake and had more

F’S during both the hours of maximal sleep and maximal

vºy a kefulness. These latter observations suggest that rats in

tline acetaminophen and aspirin groups had a small rebound of

= leep on post-drug day.

D rug Effects on Sleep Bouts

A Kruskal Wallis ANOVA of ranks indicated no

= Fi gnificant differences in the number and duration of sleep

+R <>uts in light or dark periods between groups of normal rats

+E → r pre-drug, drug, or post-drug days. Subsequently, the

PF = ired Wilcoxon signed-ranks test was used to compare normal

* = ts within each drug group between pre-drug, drug, and

*> <> st-drug days and between time periods (blocked into three,

Tº-H, ree hour periods) within each group for individual days.

Saline.

Saline had no significant effects on the number and

** a ration of sleep bouts in normal rats (n = 6) between pre

SR =ug, drug, and post-drug days and on the length of sleep
*=>

Suts between light and dark periods on pre-drug day.

* -i- though rats in the saline group had longer bouts of sleep
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in light (14.02 + 4.6 min) than dark (9.7 it 2.5 min) periods

on pre-drug day, these differences were not statistically

significant (p-O. O5). On drug day, rats in the saline group

had twice the number of sleep bouts during the first three

hours (11.2 + 4.7) than the second three hours (5.3 + 1.9)

in the light period (p<0.05), although there were no

clifferences in the length of sleep bouts between these time

EP e riods. Rats in the saline group also had significantly

rn c. re sleep bouts in the first three light hours (10.2 + 1.5)

tlºn an in the second three hours (5. 7 # 1.5) on post-drug day

C AP ‘O. 3). However, in contrast to drug day, rats in the

= = line group had significantly longer bouts of sleep in the

= e cond three light hours (22.45 + 7.8) than the first three

*T* <>urs (12.1 + 2. 8) on post-drug day (p<0.03).

Acetaminophen.

Similar to rats in the saline group, normal rats in the

*= <= etaminophen group (n = 7) had no significant differences

+ +, the number and duration of sleep bouts for the

SR <>mparisons between pre-drug, drug, and post-drug days.

*= <=wever, on pre-drug day, rats in the acetaminophen group

*T* = d a normal diurnal variation in the length of sleep bouts

< =f irst three light hours 17.3 + 9.9 min; first three dark

* > <=>urs 9. 3 + 1.9 min; p <O. O3). On post-drug day, rats in

Tº-DH, is group also had more sleep bouts in the first three

* > <>ure (9.9 + 2. 3) than in the second three hours (6.9 + 2. 1)

S == the light period (p<0. O3), although there were no

* = gnificant differences in sleep bout length.
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Aspirin.

In contrast to rats in both the saline and

acetaminophen groups, normal rats in the aspirin group (n =

7) had significantly more sleep bouts in the first three

hours of the light period on post-drug (10.9 + 2. 2) than on

pre-drug (7.7 ± 0.5) day (p<0.03). They also had

significantly longer sleep bouts in the first three light

hours on pre-drug (16. O2 + 3.8 min) than on drug (11.9 + 4.9

min) day (p<0. 2). On both drug and post-drug day, rats in

the aspirin group had significantly longer sleep bouts in

the second three hours (18.6 + 7.1 min, drug; 21.55 + 4.96

min, post-drug) than in the first three hours (11.9 it 4.9

min, drug; 14.3 +4.9 min, post-drug) in the light period

(both p30. O5).

Similar to normal rats in the saline group, rats in the

aspirin group did not show a normal diurnal variation in the

length of sleep bouts on pre-drug day. Although rats in the

aspirin group did have longer bouts of sleep in the first

three hours of the light (16. O2 + 3.8 min) than dark (12. O +

4.4 min) periods on pre-drug day, these differences were not

significantly different (p=0. O5). Rats in aspirin group had

significantly more sleep bouts in the first three hours in

light (10.9 + 2. 2) than in dark (7.1 + 2. 4) periods on post

<l rug day (p<0.02), although the length of these bouts were

= imilar in both time periods. Thus, during the periods of

** = ximal sleep in the rat, normal rats had shorter sleep

*><>uts in the first three hours and longer sleep bouts in the
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second three hours after the administration of aspirin and

this pattern persisted through the post-drug day.

Summary.

Although significant differences were found in the

number of sleep bouts between groups of rats, the most

important findings were those for sleep bout duration. In

summary, aspirin decreased sleep bout length during the

first three light hours compared to acetaminophen or saline.

However, on both drug and post-drug days rats in the aspirin

group had longer sleep bouts during the second three light

hours compared to the first three hours. In contrast, rats

who were given either acetaminophen or saline showed no

differences in the duration of sleep bouts between pre-drug,

drug, or post-drug days, although on post-drug day rats in

the saline group had longer bouts of sleep during the second

three light hours.

Drug Effects on Sleep Patterns, Arthritic Rat

Comparison of Drug Effects on Sleep Stages by Mann-Whitney

U Test

Pre-drug day.

During the light period arthritic rats in the

acetaminophen group (n = 6) had significantly more HS2 stage

(O. 19 + O. O.8) in the second hour (z = 2. OO5, p<0.05) and

significantly more PS (O. 11 + 0.04) in the fourth hour (z =

2. 571 + p <0. O1) of recordings than arthritic rats in the

aspirin group (n = 6, HS2, O. 12 + O. 11; PS 0.04 + 0.4)
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(Figures. 6 & 7. ). Thus, on the day preceding the

administration of aspirin or acetaminophen, arthritic rats

in the aspirin group had less HS2 and PS in the second and

fourth light hours than those in the acetaminophen group.

Drug day

Aspirin produced marked increases in the percentage of

Wake and decreases in sleep stages at 2.5 and 3.5 hours

after it had been administered to arthritic rats at the

onset of light period (Figures. 6. , 7. ). At 2.5 hours

arthritic rats given aspirin had a large increase in Wake

(O. 79 + 0.16) compared to rats given acetaminophen (0.53 +

O. 18), although these differences were not statistically

significant (z = 1.925, p<0.06). However, at this hour

aspirin significantly decreased HS1 (0.06 + 0.06), HS2 (0.04

+ O. O5), and PS (O. O.1 + O. O2) compared to acetaminophen

(HS1, O. 17 ± 0.10, z = 2. O12, p<0. O5; HS2, O. 14 + O. O7, 2 =

2.406, p<0. O2; PS, O. O7 it O. O5, z = 2.536, p<0.02). Three

and one-half hours after the drugs were administered,

arthritic rats in the aspirin group also had significantly

more Wake (O. 64 + 0.26) than arthritic rats in the

acetaminophen group (O. 24 + 0.16) (2 = 2.567, p<0.02), and

HS2 (O. 10 + O. 10) and PS (O. O3 + O. O3) were still

significantly reduced compared to acetaminophen (HS2, O. 26 +

O. 10, 2 = 2. O89, p<0. O4) and PS (O. 16 + O. O5, 2 = 2.903,

p“O. O1).

In contrast, in the dark period 1.5 hours after aspirin

had been administered, arthritic rats had significantly less
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Wake (O. 26 + 0.2O) compared to acetaminophen (O. 58 + O. 23, 2

= 2.402, p<0.02). Although at this same hour arthritic rats

in the aspirin group had more HS1 (0.21 + O. O7), HS2 (O. 22 +

O. 17), and PS O. 18 + 0.10) than rats in the acetaminophen

group (HS1, 0.15 + 0.08; HS2, 0.11 + 0.07; PS, 0.09 + 0.08),

these differences were not statistically significant (all

p-0.05). At 2.5 hours after the administration of aspirin

or acetaminophen at the onset of dark periods, both groups

of arthritic rats had similar percentages of Wake and sleep

stages.

Thus, in the arthritic rat aspirin increased

wakefulness and decreased sleep during the light hours and

it decreased wakefulness during the dark hours. Compared to

the effects of aspirin, acetaminophen enhanced sleep four

hours following its administration at the beginning of light

periods, and had no effect on Wake or sleep stages in the

dark period.
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Post-drug day.

On the day following the administration Of

acetaminophen or aspirin to arthritic rats, arthritic rats

in the acetaminophen group had significantly more PS during

the fourth (O. 12 + O. O7), fifth (O. 13 + O. 6), and sixth

(O. 15 + O. O.8) hours (z = 2.419, p<0.02; z = 2.254, p<0.03; z

= 2.266, p<0. O3, respectively) than arthritic rats in the

aspirin group (fourth, O. O3 + 0.03; fifth, O. O4 it 0.05;

sixth, O. O5 + O. O6) in the light period. Thus, on post-drug

day, arthritic rats in the aspirin group had less PS during

the periods of maximal sleep than rats in the acetaminophen

group. This observation is consistent with observations

made on the day preceding drug administration.

Summary.

During the hours of maximal sleep in the normal rat,

the largest effects of aspirin and acetaminophen were

present 3.5 hours after they had been administered to groups

of arthritic rats. At this time aspirin significantly

increased wakefulness and decreased sleep, and acetaminophen

significantly decreased wakefulness and enhanced HS2 and PS

stages of sleep.

On the contrary, during the hours Of maximal

wakefulness in normal rat, aspirin markedly decreased

wakefulness 1.5 hours after it was administered to arthritic

rats compared to acetaminophen. Both groups of arthritic

rats had high percentages of wakefulness 2.5 hours after

aspirin or acetaminophen were administered at the onset of
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dark hours. These data are similar to observations at the

same time interval post-injection during the light period.

However, these results must be interpreted cautiously since

data on the administration of saline to arthritic rats is

not available for comparison.

Drug Effects on Sleep Bouts

There were no significant differences in the number and

duration of sleep bouts in light or dark periods between

arthritic rats in the acetaminophen or the aspirin groups on

pre-drug, drug, or post-drug days (Mann-Whitney U tests).

Subsequently, the paired Wilcoxon signed-ranks test was used

to compare arthritic rats within each drug group between

pre-drug, drug, and post-drug days and between the three

three-hour time periods within a day.

Acetaminophen.

There were no significant differences in the number of

sleep bouts between days or blocks of time on pre-drug,

drug, or post-drug days for arthritic rats in the

acetaminophen group (n = 6). On the other hand, arthritic

rats in this group had significantly longer bouts of sleep

both in the second three light hours (11. OO-14. OOh; 9.7 it

3.1 min) and in dark hours (10.1 + 4.2 min) on post-drug day

than on pre-drug (light, 8.1 + 3.3 min; dark, 5.8 + 2.5 min)

day (both p-0. O5). In addition on both pre-drug and drug

day, arthritic rats in the acetaminophen group exhibited a

normal diurnal variation in the length of sleep bouts (light

8. 8 + 3.01 min, dark 5.8 + 2.5 min, p<0.05; light 13.3 + 4.6
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min, dark 7. 2 + 2.7 min, p<0.03, respectively).

Aspirin.

Although arthritic rats in the aspirin group (n = 6)

had significantly more sleep bouts during the first three

light hours (08. OO-11. OOh) on post-drug (13.7 ± 4.9) than on

drug (8.8 + 1. 7) day (p<0.03), the mean number of bouts on

post-drug day was only slightly higher than that of pre-drug

day (13.2 + 4.5). Also, no significant differences were

identified in the length of sleep bouts in arthritic rats in

the aspirin group between pre-drug, drug, or post-drug days

or between time periods within each day.

Summary.

In summary, acetaminophen and aspirin had small effects

on the number of sleep bouts in arthritic rats. Arthritic

rats in the acetaminophen and aspirin groups had

significantly more sleep bouts on post-drug day than on

pre-drug day and drug day. Arthritic rats in the

acetaminophen group also had normal diurnal variations in

the length of sleep bouts on both pre-drug and drug day,

although their sleep bout lengths were equal between light

and dark periods on post-drug day. In contrast, arthritic

rats in the aspirin group had no significant differences in

the length of sleep bouts. As with sleep stage changes in

groups of arthritic rats, these observations of the

differential effects of two NSAIAs on sleep bout number and

duration must be interpreted with caution as there were

insufficient numbers of arthritic rats in the saline group.
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Combined Effects of Aspirin and Acetaminophen

on Sleep Patterns

An ANOVA between rats in the combined NSAIA drug group

(aspirin and acetaminophen, n = 9) and rats in the no drug

group (n = 7) revealed significant effects due to arthritis

and a significant interaction between arthritis and drug for

the percentage of Wake (F = 22. 121, df = 1, p<0.001; F =

14.686, df = 1, p<0.01, respectively) and of HS2 (F =

64.083, df = 1, p<0.001; F = 29.001, df = 1, p<0.001,

respectively) four hours after drug administration at the

onset of light hours. In normal rats, the NSAIAs, aspirin

and acetaminophen, increased the percentage of Wake (0.39 +

0.28) and reduced the percentage of HS2 (0.29 + O. 13)

compared to normal rats with no drug (Wake, O. O.8 + O. O.8:

HS2, O. 57 4 O. O8). In contrast to normal rats, arthritic

rats given aspirin or acetaminophen had less Wake (0.48 +

O. 27) and more HS2 (O. 18 + O. 11) compared to arthritic rats

with no drug (Wake, O. 67 + O. 18; HS2, O. O9 + O. O.85). Thus,

four hours after the NSAIAs were administered at the onset

of the light period, normal rats had more wakefulness than

those rats without drug, and arthritic rats with NSAIA

treatment had less wakefulness and more HS2 sleep than

arthritic rats without drug.
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Evaluation of Arthritis Severity and Effect of Drug

on Wake and Sleep Stages

Since arthritic rats in the aspirin group had

significantly higher arthritis severity scores (n = 6, 5.9 +

1.85) than those in the acetaminophen (n = 6, 2.3 + 1. 2)

group (Mann-Whitney U test, p<0.01), hierarchial regression

analyses were performed. These analyses were conducted to

consider how much disease severity contributed to the

changed percentages in Wake and sleep stages on drug day

apart from the drug effects. The arthritis severity score

was entered into the model first and drug, scored as a dummy

variable, was added second so that the change in the percent

of the variance explained could be attributed to the effect

of drug. The dependent variables selected for these

analyses were the hourly percentages of Wake, HS1, HS2, and

PS that were significantly different between arthritic rats

in the aspirin and acetaminophen groups on drug day (Mann

Whitney U tests).

At 3.5 hours after aspirin or acetaminophen had been

administered at the beginning of light period, the increment

in the amount of variance explained by adding drug

significantly increased for Wake (0.70, p<0.001), HS1 (0.59,

p-0. O1), and for PS (O. 53, p<0.001). However, adding drug

did not significantly effect HS2 (O. 22, p20. O5). Thus, when

the effect of arthritis severity was factored out, aspirin
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still significantly increased Wake and decreased HS1 and P.S.

In contrast to light periods, at 1.5 hours after

aspirin or acetaminophen had been administered at the

beginning of dark period, the severity of arthritis

significantly contributed to the decrease in Wake (0.50,

p30. O2) observed in arthritic rats. The increment in the

amount of variance explained after the addition of drug was

less than two percent and not significant. Thus, in dark

hours, the decrease in Wake in arthritic rats in the aspirin

group is related to severity of disease and not the effects

of drug.

Temperature Variations

Arthritic rats had a small, albeit significant,

elevation in core temperature recorded at 10. OOh (arthritic

rats, 39.6°C + O. 6, n = 11 and nonarthritic rats, 38.9°C +

O. 6, p<0.01, n = 12). There was no significant difference

in core temperature recorded at 22. OOh (arthritic rats,

40. O*C + O. 7 and nonarthritic rats, 39.6°C + O. 6, p-O. O5)

(Figure. 8. ).
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CHAPTER V

DISCUSSION

Sleep and Wake Patterns in the Arthritic Rat

Experimentally induced arthritis in the rat produced

significant alterations in sleep patterns. Compared to

normal rats, arthritic rats showed (a) increases in

wakefulness, (b) a shift to NREM sleep with lower amplitude,

(c) large reductions in HS2 and PS, (d) a pattern of sleep

fragmentation (indicated by increases in the number of

episodes of Wake, LS, and HS1, and shorter episodes of HS2

sleep and by more frequent sleep bouts of short duration),

and (5) a loss of the diurnal variations in total sleep and

wakefulness and EEG slow-wave activity. The most

parsimonious explanation for these abnormal sleep patterns

is that arthritic rats cannot sustain long periods of sleep.

The increase in Wake, LS and HS1 in arthritic rats

during the usual sleep period in normal rat is consistent

with previous reports of increases in awake time and in NREM

stages 1 & 2 sleep during the night in patients with

arthritis (Mahowald et al., 1987; Moldof sky et al., 1983).

Unlike arthritic rats in this study, patients with arthritis

show normal amounts of REM sleep and varying amounts of SWS.

The percentage of SWS was reduced in the patients in one
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study (Mahowald et al., 1987) and not in another (Moldof sly

et al., 1983). Since the patients in the latter study were

taking anti-inflammatory analgesics (type unspecified)

(Moldof sky et al., 1983), a reduction in pain or other

effects of these anti-inflammatory medications on the

central nervous system may explain the observations that the

patients in this study did not have reduced slow-wave and

REM sleep. Alternatively, the observation that arthritic

rats are deprived of HS2 and PS stages while humans with

arthritis are not may reflect the differences in species

and/or in disease severity.

Experimentally-induced arthritis in the rat also

produced a fragmented pattern of sleep and wakefulness.

During both the time of maximal sleep (08. OO-11. OOh) and

maximal wakefulness (20. OO-23. OOh) in the normal rat, the

number of sleep bouts and episodes of Wake are increased in

arthritic rats. The increase in episodes of Wake observed

in arthritic rats is consistent with prior reports of an

increase in the number of awakenings in patients with

rheumatoid arthritis (Mahowald et al., 1987; Moldof sky et

al., 1983). A fragmented pattern of sleep is further

manifested in arthritic rats by a considerable reduction in

the duration of time spent asleep (sleep bouts) and of

episodes of HS2 (slow-wave-sleep) and by an increase in the

number of episodes of LS and HS1 during the time of maximal

sleep and maximal wakefulness in the normal rat.

These findings from EEG recordings of sleep patterns in
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arthritic rats support the previous behavioral study

reporting that arthritic rats engage in more prodromal sleep

behaviors (De Castro Costa et al., 1981). Thus, arthritic

rats are repeatedly aroused during the light hours and they

are more sleepy-as indicated by significantly more sleep

bouts and episodes of LS and HS1-during the dark hours than

nonarthritic rats. Fragmented patterns of sleep represent a

loss in the continuity of sleep and are less restorative

than nonfragmented sleep (Bonnet, 1985, 1986, 1987).

Arthritic rats with more inflammation- and presumably

greater discomfort-had less wakefulness and more NREM sleep

with low and moderate amplitude. There was, however, no

relationship between severity of arthritis and loss of NREM

sleep with the highest amplitude (HS2) or PS. These results

are unexpected in view of the fact that arthritic rats show

substantial decreases in both these stages of sleep.

Arthritic rats with clinical severity scores of less than

3. O, indicating mild disease, have a similar range of mean

percentages of HS2 and of PS stages of sleep as arthritic

rats with severity scores greater than 3. O. These

observations suggest that arthritic rats develop difficulty

initiating episodes of HS2 and PS and sustaining HS2

episodes even with mild disease. This disruption of HS2 and

PS stages may reflect the presence of pain since tenderness

(hyperalgesia) is evident in arthritic rats with the first

signs of inflammation.
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Contribution of Pain to Disturbed Sleep Patterns

in the Arthritic Rat

Moldof sky et al. (1983) hypothesized that pain is the

cause of disrupted sleep patterns in patients with

rheumatoid arthritis, and that this nonrestorative sleep, in

turn, is the cause of the increase in pain and tenderness

reported by patients in the morning. The possibility that

pain is the cause of disrupted sleep in arthritic rats is

suggested not only by the fact that arthritic rats

demonstrate behavioral signs of chronic pain (See Chapter 2)

but also by the fact that the elimination of pain by

surgical lesions of the "pain transmission" pathways of the

spinal cord in these rats reduces other signs of morbidity

(Dardick et al., 1986). That pain is a critical factor

producing morbidity in arthritic rats is supported by the

observation from this study that arthritic rats with reduced

pain (i.e., combined analgesic effects of aspirin or

acetaminophen) had more HS2 sleep than arthritic rats

experiencing pain (i.e., no drug group). Thus, pain may be

the cause of the selective loss of HS2 (SWS) in arthritic

rats.

When arthritic rats lose HS2 sleep, the loss is

explained by a marked decrease in the duration of HS2

episodes. This reduction in HS2 episode length may reflect

the presence of pain in arthritic rats. For example,

electrophysiological studies of neurons in the superficial
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and deep layers of the dorsal horn of the spinal cord, and

the ventrobasal complex and intralaminar nuclei of the

thalamus that are involved in the processing of noxious

stimuli in the normal rat (Guilbaud, Peschanski, Gautron, &

Binder, 1980; Menetrey, Giesler, & Besson, 1977; Peschanski,

Guilbaud, & Gautron, 1981) have significantly altered

response properties in arthritic rats (Calvino, Villanueva

et al., 1987; Gautron & Guilbaud, 1982; Kayser & Guilbaud,

1984; Menetrey & Besson, 1982; ). In arthritic rats neurons

of the dorsal horn (Calvino, Villanueva et al., 1987;

Menetrey & Besson, 1982) and thalamic nuclei (Gautron &

Guilbaud, 1982; Kayser & Guilbaud, 1984; Okuyama & Aihara,

1984a) show (a) lower threshold and decreased response

latencies, (b) exaggerated responses to light touch,

pressure, and slight joint movement, (c) increased

background activity and frequent bursts of spontaneous

activity in the absence of stimuli applied to arthritic

joints, and (d) larger receptive field size. Increased

spontaneous activity of neurons in the spinal cord and

thalamus in arthritic rats and heightened responses of these

neurons to slight movement of arthritic joints may raise the

tonic activity of structures involved in the mechanisms of

arousal and the maintenance HS2 sleep (slow-wave-sleep).

The reticular formation in the core of the brainstem

has been implicated in tonic arousal mechanisms from

stimulation and lesion experiments (see Moruzzi, 1972 for

review; Gonzalez-Lima & Scheich, 1985), and more recently
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from measurements of neuronal unit activity in the

mesencephalic tegmentum in the cat (Steriade, Ropert,

Kitsikis, & Oakson, 1980; Steriade, Oakson, & Ropert, 1982).

Nuclei in the central tegmental field and nucleus

cuneiformis of the mesencephalic reticular formation (MRE)

that project to intralaminar nuclei (centrum-median

parafascicularis complex and centralis lateralis) (Steriade

et al., 1980; Ropert & Steriade, 1981) show sustained

discharge rates during wakefulness and decreased discharge

rates during the transition from Wake to SWS and during SWS

(Steriade et al., 1980; Steriade et al., 1982). These same

units of the MRF show increased firing rates before the end

of a SWS sleep episode and prior to the observance of

cortical desynchronization patterns characteristic Of

wakefulness (Steriade et al., 1982). Thus, changes in the

activity of neurons in the MRF influence thalamic nuclei and

thalamocortical pathways that a re known to drive

desynchronization and synchronization of the cortex during

wakefulness and sleep (See Steriade & Deschenes, 1984 for

review). It would be interesting to study the neuronal unit

activity of nuclei in the MRF in arthritic rats.

MRF inhibition, possibly from structures in the basal

forebrain and anterior hypothalamus (See Moruzzi, 1972, and

Sterman & Shouse, 1985 for review; Szymusiak & McGinty,

1986a, 1986b), appears to set the stage for the subsequent

changes in firing patterns of thalamic nuclei that

eventually leads to synchronization of the EEG during SWS
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(Steriade & Deschenes, 1984). Noxious sensory inputs

activate a large number of neurons in the mesencephalic

reticular formation. In the rat, ascending pathways from

superficial and deeper layers of the dorsal and ventral horn

(Giesler, Menetrey, Guilbaud, & Besson, 1976; Menetrey,

Chaouch, & Besson, 1980) project directly to lateral and

intralaminar thalamic nuclei (Giesler, Spiel, & Willis,

1981) and to the nucleus cuneiformis and other nuclei in the

MRF (Menetrey, Chaouch, Binder, & Besson, 1982). There are

also direct projections to nuclei of the bulbopontine

reticular formation (Chaouch, Menetrey, Binder, & Besson,

1983) that have subsequent projections to the intralaminar

thalamic nuclei (Peschanski & Besson, 1984). Increased

activity in these ascending pathways to the reticular

formation and to the intralaminar nuclei of the thalamus may

depolarize and thus, interfere with thalamic cellular

mechanisms of hyperpolarization that characterize the

development and maintenance of SWS (Steriade & Deschenes,

1984). Therefore, during sleep the presence of hyperalgesia

and/or slight movement of arthritic joints may be sufficient

to disrupt the mechanisms underlying the maintenance of HS2

episodes.

The loss of PS that was observed in arthritic rats in

this study may be secondary to the loss of HS2. In the rat,

the amount of PS is highly correlated in a NREM-PS sleep

cycle with the preceding amount of NREM sleep (Mistlberger

et al., 1987b) and the selective deprivation of HS2 in
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normal rats leads to a decrease in PS (Gilliland et al.,

1986). In addition, PS is completely absent when the amount

of SWS falls below 20 percent of total recording time in

cats with lesions in the basal forebrain (McGinty & Sterman,

1968). Thus, a certain amount of SWS is a precondition for

the initiation of PS episodes during the usual sleeping

hours. This interpretation is strengthened by the

observation that the duration of PS episodes in arthritic

rats, once initiated, were of normal duration.

Because the specific functions of NREM and PS in the

rat are unknown, the significance of HS2 and PS deprivation

and the fragmented sleep pattern observed in arthritic rats

in this study is unclear. Total sleep deprivation,

selective disruption of NREM stage 4 sleep in humans

(Cooperman et al., 1934; Moldofsky & Scarisbrick, 1976), and

the selective deprivation of PS in rats (Hicks et al., 1979)

reduces pain thresholds. Furthermore, the analgesic effects

produced by opiates and a cold-water-swim stress are

abolished by depriving rats of PS (Ukponmwan et al., 1984).

Thus, chronic reduction of NREM and PS in arthritic rats may

augment pain.

Chronic reduced and fragmented sleep may also have

important consequences patients with arthritis in that sleep

disrupted by pain may intensify the experience of pain and

augment fatigue, weight loss, irritability, and depression.

Since self-reports of disturbed sleep in patients with

arthritis (Wegener & Wilson, 1986) and chronic pain
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(Pilowsky et al., 1985) correlate with self-reports of pain

and with the presence of depression, disrupted sleep

patterns may be a useful predictor of pain intensity and

depression in patients with arthritis. A similar

relationship may also exist in which sleep disturbed by pain

may correlate with other indices of health status outcomes

in patients with chronic pain.

Alterations in Diurnal EEG Slow-wave Activity and Amplitude

A diurnal variation in EEG delta activity in

nonarthritic rats is consistent with prior reports that show

a preponderance of a slow-wave fraction in NREM sleep during

the first portion of the light period (Bergmann, Mistlberger

et al., 1987; Borbely & Neuhaus, 1979; Rosenberg et al.,

1976; Tobler & Borbely, 1986; Trachsel et al., 1986) even

when the sampling intervals were infrequent. The

significant decrease in overall EEG amplitude (voltage) in

the normal rat that was observed in this study however, is

different from the findings of no diurnal variation in NREM

EEG amplitude reported by Rosenberg, et al. (1976), but is

consistent with subsequent observations by Bergmann,

Mistlberger, et al. (1987) and by Trachsel et al. (1986).

Arthritic rats lose the diurnal variation in EEG delta

activity and show decreases in EEG amplitude. Although

there were significant differences in the mean standard Z

scores of EEG amplitude and of delta activity between
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nonarthritic and arthritic rats, the absolute values of both

EEG amplitude and delta activity were similar in arthritic

rats in both light and dark hours to those of nonarthritic

rats in dark hours. These observations suggest that the

sleep of arthritic rats has the same intensity during light

and dark hours. Since there was a significant correlation

between arthritis severity scores and the NREM stages of

sleep with low and moderate amplitudes, the decrease in EEG

amplitude may be related to some aspect of disease severity,

such as, pain.

Effects of Acetaminophen and Aspirin on

Sleep and Wake Patterns

A basic premise of this study was that NSAIAs which

reduce pain caused by inflammation in arthritis would

improve sleep. This hypothesis is supported by the

observation that aspirin and acetaminophen increased deep

(HS2) sleep in arthritic rats, compared to arthritic rats

without a reduction in pain. The enhancement of sleep by

aspirin and acetaminophen in rats experiencing chronic pain

occurred several hours after they were administered when

they still have antialgesic effects in arthritic rats

(Hirose & Jyoyama, 1971; Kuzuna & Kawai, 1975; Okuyama &

Aihara, 1984).

The results of this study also show that acetaminophen

and aspirin (in doses that produced a similar percentage
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increase in the nociceptive threshold) had differential

effects on sleep and wake patterns in arthritic rats.

Arthritic rats given aspirin at the onset of light hours

(the time of maximal sleep in the normal rat) had

significantly more Wake and less HS2 and PS than arthritic

rats given acetaminophen. After the differences in arthritis

severity scores were factored out between rats in the two

drug groups, aspirin still increased wakefulness and

acetaminophen enhanced sleep. During the usual hours of

maximal wakefulness in the normal rat, arthritic rats in the

aspirin group had significantly less Wake than rats in the

acetaminophen group. This observation was explained by a

greater disease severity score for rats in the aspirin

group. Based on present knowledge concerning aspirin and

acetaminophen modes of action, the differential effects of

these two prostaglandin synthetase inhibitors are difficult

to explain.

The results from this study are interesting in view of

the fact that aspirin and acetaminophen reduced NREM sleep

and increased wakefulness in the normal rat. This latter

observation is consistent with reports that the NSAIA,

indomethacin, markedly inhibited sleep in rabbits, cats, and

rats (Krueger et al., 1982; Naito et al., 1987), and with a

report that aspirin reduced slow-wave-sleep in humans (Horne

et al., 1980). The effects of acetaminophen and aspirin on

sleep and wakefulness in normal rats were mild, although

rats in both drug groups showed a small rebound of sleep and
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significantly less wakefulness on recovery day than rats in

the saline group. Thus, prostaglandins may be involved in

the regulation of sleep.

Contributing Factors to Disturbed Sleep Patterns

in the Arthritic Rat

Two concomitant aspects of arthritis, immobility

(Winget & Deroschia, 1986) and elevated temperature

(Kadle cova et al., 1972; Karacan et al., 1968) also may

explain, in part, the abnormal sleep patterns observed in

arthritic rats in this study. Healthy humans placed at bed

rest develop more fragmented sleep with frequent awakenings

and shorter sleep stage episodes. These findings, however,

are not consistent in all studies (See Winget & Deroschia,

1986 for review). In fact, the results from two studies of

young healthy adults confined to bedrest under a normal day

night cycle showed just the opposite. Immobility decreased

episodes of wakefulness and increased the number and

duration of episodes of NREM and REM sleep (Nakagawa, 1980;

Ryback & Lewis, 1971).

Close relationships exist between the regulation of

body temperature and the sleep-wake cycle in humans and

animals (Parmeggianni, 1980, 1987). Although it is commonly

believed that mild elevations of body temperature promote

sleep (Krueger, 1985), following the administration of

pyrogens, both increases and decreases in SWS and REM sleep
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and increases in the number of awakenings have been reported

(Inoue et al., 1984; Kadlecova et al., 1972; Karacan et al.,

1968; Krueger, Davenne, & Sholam, 1986; Krueger,

Karaszewski, Davenne, & Shalom, 1986; Masek, 1986; Tobler,

Borbely, Schwyzer, & Fontana, 1984; Ueno et al., 1987). The

decreases in SWS and REM sleep and increases in the number

of awakenings corresponded to the peak of the febrile

response (Kadle cova et al., 1972; Karacan et al., 1968; Ueno

et al., 1987). When the elevation of body temperature was

less than one degree centigrade, there were, in fact, no

significant alterations in sleep patterns (Kadlecova et al.,

Karacan et al., 1968; Krueger et al., 1986; Masek, 1986).

These data suggest that the small elevation of core body

temperature observed in arthritic rats in this study would

have minimal effects upon sleep.

Conclusions and Implications for Future Research

In conclusion, experimental arthritis in the rat

produced a reduction of HS2 and PS sleep stages and a

pattern of sleep fragmentation (indicated by a large

reduction in the duration of HS2 episode lengths and

increases in the number of sleep bouts and episodes of Wake,

LS, and HS1) during both the hours of maximal sleep and

maximal wakefulness in the normal rat. Arthritic rats also

lost the diurnal variations in sleep and wakefulness and

slow-wave activity during NREM sleep. Thus, the adjuvant
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arthritis rat model of chronic pain provides a model of

sleep disturbances in humans with arthritis.

This study also tested the hypothesis that the

administration of NSAIAs which reduce pain would improve

abnormal sleep patterns in arthritic rats. The results

suggest that acetaminophen may be more beneficial than

aspirin for improving sleep. The enhancement of sleep by

acetaminophen in rats experiencing chronic pain occurs

several hours after its administration when it is still an

effective analgesic in arthritic rats. These results are

tentative and limited in the present study by the small

sample size and by the inability to compare the effects of

acetaminophen and aspirin to that of saline in arthritic

rats.

More importantly, NSAIAs commonly used in the treatment

of rheumatic diseases may, in fact, contribute to disturbed

sleep patterns in patients with arthritis. The

prostaglandin synthetase inhibitor, indomethacin, markedly

reduces sleep in rabbits, cats, and rats (Krueger et al.,

1982; Naito et al., 1987), and in this study aspirin reduced

all sleep stages in arthritic rats. Thus, although NSAIAs

are important in the treatment of patients with inflammatory

rheumatic diseases, additional interventions may be

necessary to reduce disrupted sleep patterns in these

patients. For example, the muscle relaxant, chlormezanone,

has been found effective to improve self-reports of sleep

quality in patients with rheumatic diseases (Cohen, 1978;
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Wojtulewski & Walter, 1983). Polygraph studies would be of

interest to evaluate the effects of muscle relaxants on EEG

sleep patterns in patients with arthritis and chronic pain.

More research is needed to study interventions that may

reduce pain and improve sleep. For example, the tricyclic

antidepressants are commonly used in the treatment of

chronic pain (Butler, 1984; Hameroff et al., 1982; Walsh,

1983). Amitriptyline and imipramine have been shown to

decrease pain behaviors in the adjuvant arthritis model of

chronic pain (Butler et al., 1985), and both have been shown

to enhance SWS in normal rat, although these tricyclic

antidepressants also reduce PS (Khazan & Brown, 1970; Obal,

Benedek, Lelkes & Obal, 1985). Because there are complex

changes in the synthesis and distribution of

neurotransmitters and of neuropeptides in the central

nervous system of rats with adjuvant arthritis (Godefroy,

Weil-Fugazza, & Besson, 1987; Millan et al., 1985; Schoenen

et al., 1985; Weil-Fugazza, Godefroy, Thurotte, & Besson,

1984; Weil-Fugazza, Godefroy, Coudert, & Besson, 1980), it

is difficult to predict a priori whether the tricyclic

antidepressants would improve SWS and simultaneously reduce

PS in arthritic rats.

Rats experiencing chronic pain show marked reductions

in HS2 (SWS) and PS stages of sleep and losing these stages

may augment the experience of pain. The results of this

study have served as an impetus for future research for an

explanation of why pain thresholds are reduced following the
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deprivation of all stages of sleep and the selective

deprivation of SWS and/or PS. Although the functions of

sleep remain unknown, an increase in protein synthesis has

been observed during sleep and postulated to be an important

function of sleep. Thus, a consequence of lost sleep may be

a deficiency of neuropeptides and neurotransmitters involved

in the endogenous control of pain.

One of the goals of nursing intervention will always be

to provide comfort to patients in pain. This study served

to facilitate an increased awareness of the relationship

between the experience of chronic pain and disturbed sleep

patterns. Commonly used interventions to alleviate pain

associated with inflammatory processes do not necessarily

improve sleep, and may, in fact, inhibit sleep. In

addition, the loss of diurnal variations in sleep and wake

patterns in rats with arthritis raise important questions

about the possible changes in circadian rhythms that have

not been investigated in patients with chronic pain.

Although this study did not isolate pain from other

factors that may contribute to abnormal sleep patterns in

arthritic rats, the results have been interpreted in view of

the hypothesis that pain is a critical factor producing

abnormal sleep patterns in these rats. The challenge

remains for future studies to investigate ways to reduce

pain and improve sleep since the presence of pain and

disturbed sleep patterns have been documented in both humans

and animals experiencing chronic pain.
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