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Cardiovascular Responses to Tonic Pain in REM
Sleep-Deprived Rats

Role of Melatonin and Beta Endorphin
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ABSTRACT Objective: Chronic pain is associated with increased incidence of hypertension. Sleep deprivation, common in patients
with chronic pain, is associated with increased blood pressure and heart rate. This study was designed to determine whether sleep
deprivation induces increased cardiovascular responses to pain. In addition; we examined the role of melatonin and endorphins in
mediating these responses. Method: The study was conducted in Sprague-Dawely rats divided into a control group (n=8) and Rapid
Eye Moment sleep deprived (REMSD) group (n=8). REM sleep deprivation was done for three days using the inverted flowerpot
technique. Systolic BP and HR were recorded at baseline as well as 5, 10 and 30 minutes after intra-plantar formalin injection. In
addition, serum melatonin and endorphin levels were determined. Results: Under basal conditions, BP and HR and following acute
pain (1% phase of formalin injection) were comparable with non-sleep deprived (non-SD) state. In contrast, the REMSD rats showed
significantly greater increases in HR and BP during the 2™ phase of formalin pain as compared to non-SD state. These changes were
associated with significant reductions in serum melatonin and endorphin levels in REMSD rats. Conclusion: These data indicate that
exaggerated blood pressure and HR responsiveness to pain in sleep deprivation could be mediated through reductions in melatonin
and endorphin.

Keywords: REM sleep deprivation, Blood pressure, Heart rate, Tonic pain, Melatonin, Endorphins.

N ADEQUATE AMOUNT OF SLEEP IS PARA- inghypertension, activation of the sympathetic nervous
MOUNT for a healthy and productive lifestyle.  system, impairment of glucose control, and increased
Experimental short-term restriction of sleep inflammation.! The interaction between sleep and pain
results in a variety of adverse physiologic effects, includ-  is generating a considerable research interest as pain
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Tablel. Effects of REM sleep deprivation on
blood pressure and heart rate during acute and
tonic pain in rats.

Formalin Injection

Basal

5min 10min 30min
Non SD
BP 148+3 183+2 162+4 149+4
HR 282+7 349+8 334+4 3177
REMSD
BP 15245 181+6 176+4* 180+3**
HR 263+8 372+9 360+72K 358483

*P<0.02, **P<0.001, xP<0.034, 3P<0.006
Non SD  Non Sleep Deprived
REMSED REM Sleep Deprived

and sleep seems to have reciprocal relationships. Pa-
tients who suffer from chronic pain experience difficul-
ties in initiating and maintaining sleep and poor sleep
can significantly decrease the pain threshold.? Chronic
sleep deprivation has been suggested to be one of the
factors which can trigger cardiovascular emergencies
such as myocardial infarction.®* However, the mecha-
nisms linking between sleep deprivation, pain and the
cardiovascular system are unclear.

Sleep-deprived (SD) rats suffer from desynchroni-
zation of physiological and behavioural rhythms.* The
pineal gland, which controls and synchronizes the
sleep-awake cycle, is affected by several stresses such
as forced swimming and hypoglycemic shock.> Sleep
deprivation also alters the pineal-melatonin system,
which has an analgesic action and shares anti-stress
activity.*” The endogenous opioid peptides have been
postulated to have an interaction with melatonin
secretion.® Sleep deprivation is also associated with
changes in B-endorphin levels.” Despite these various
studies, the role of melatonin and endorphins levels in
altering the cardiovascular responses during stressful
stimuli such as pain have not been tested. The aim of
this study is to test the effect of Rapid Eye Moment
sleep deprivation (REMSD) on blood pressure and
heart rate responses to tonic pain in rats. Further-
more, serum melatonin and -endorphins levels were
measured in SD and control rats during tonic pain.
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METHOD

ANIMALS

Experiments were carried out on Sprague-Dawley
male rats (n=16) approximately weighing 225-250sg.
The animals were individually housed in a tempera-
ture (22-24°C), humidity (55%) and light-dark cycle (12
hours) controlled room. Food and water were avail-
able ad libitum. The rats were randomly divided into
2 groups (N = 8 each). The control group remained in
the home cages for the duration of the study, receiv-
ing only controlled handling (5-10 minutes/day). The
experimental (REMSD) group was subjected to REM
sleep deprivation for 72 hours.

REM SLEEP DEPRIVATION MODEL

REM sleep deprivation was induced by using the in-
verted flowerpot in water tank technique, as men-
tioned previously.” Briefly, animals were placed on
a small inverted beaker (platform of 6.5cm diameter)
surrounded by water reaching to a level of 1cm below
the base of beaker. The covers of the cages were modi-
fied so as to enable the animal to reach for food and
water easily. The water of the tank was changed daily
in the morning. Before the animals were subjected to
sleep deprivation the rats were trained for 1-2 hours
to reside on the platform and they learnt not to fall in
the water. After training for 1-2 days, on the day of
experiment they were taken from their home cage and
placed individually in the sleep deprivation water tank
cages. It has been shown that this method deprives
the rat of almost 100% of REM sleep."

BLOOD PRESSURE AND HEART RATE MONITOR-
ING

We used a computerized microprocessor based system
for recording arterial blood pressure and heart rate.
The measurement was performed non-invasively from
the tail of the conscious rats with the aid of a pressure
cuff (tail cuff method) and piezo-electric pulse trans-
ducer (Technical and Scientific Equipment, GmbH).
The rats were partially restrained during the period of
recording. In order to achieve satisfactory results, rats
were warmed for 10-15 minutes prior to recording by
placing them in the pre-heated box (32°C). All the rats
were trained for 3 consecutive days to adapt them to
handling, heating, restraining, inflating and deflating
the cuft pressure. We collected 3 recordings each at 1
minute interval; the average of 3 readings was calcu-
lated for each record of BP and HR.
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Figure 1. Line graphs ilustrating the changes in arterial pressure (left) and heart rate (bottom) in response to
Jformalin induced pain in non sleep deprived (REMSD) rats. Data are presented as percentage changes in systo-
lic pressure and heart rate. All data are presented as mean + SE, *=significance at p<0.05

STUDY DESIGN MELATONIN AND B-ENDORPHIN MEASUREMENTS
The experiments were conducted in the morning be- Beta-endorphin was extracted by using Seropack C18
tween 10:00-12:00 hours. In the experimental group, cartridges. A competitive RIA method using anti-
all the 8 rats served as their own control. They were bodies against f-endorphin was used to analyze the
subjected to the following protocol of recording BP extracts. Antibodies have specificity to N-terminal
and HR. region of B-endorphin with low cross reactivity to 3-
lipotropin. In order to increase the sensitivity of assay,
1. Basal records: P It) | incubati ¢ d Ptly thol ¥
sequential incubation was performed. Polyethylene
The basal records were taken immediately before in- d P Y th
L . glycol was used to separate the bound fraction from
jection of formalin. These values were used to calcu- ) . )

unbound fraction. Beta-endorphin has inter-assay co-

late the respective changes in BP and HR. ) ) )
efficient of variance (CV) of 7.2% and intra-assay CV

2. Formalin injection: of 7.1%. The specificity of both the hormones was
After the basal record, rats were allowed 60 minutes of 100%. Melatonin was assayed by enzymatic pretreat-
wash-out period in the home cage. Subsequently, the ment and RIA method (The melatonin assay has in-
rats receive a subcutaneous injection (50 pl) of dilute ter-assay CV of 4.5% and intra-assay CV of 3.8%, the
formalin (5%) into the plantar surface of their right reference range was < 0.078 nmol/ml). The antibodies
hind paw. The pain usually starts within 5 minutes af- to both B-endorphin and melatonin were supplied by
ter injection.” BP and HR were recorded at 5, 10 and Immunobiological Laboratories, Hamburg.

30 minutes after injection.

) , ) STATISTICAL ASNALYSIS

After completing the entire recording, rats were .

. . . ) All the data in the study are expressed as mean + SEM.

given pentobarbital anesthesia (40 mg/kg ip) and ) S

. o . Prior to formalin injection, records of BP and HR were

blood samples were collected in heparinized syringes ) .

. ) obtained to serve as the baseline. The data of non-

by cardiac puncture after performing thoracotomy. 1 deprived ( SD) stat 4 with

sleep deprived (non- state were compared wi
All samples were collected at 13:00 hours, taking into RE l\I/)[ D P by usi red t-test "I[)h level of
roups by using unpaired t-test. The level o

consideration the light dark cycle as the rate of mela- o groups by g unp

. .. . significance was set at p <0.05.
tonin production is low at this time. The blood was

immediately centrifuged and serum was stored at -
20°C for radioimmunoassay (RIA).
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Figure 2. Bar graphs illustrating the serum levels of melatonin and endorphins in non-sleep deprived (non-SD) and REM
sleep-deprived (REMSD) rats. + SE, * = significance at P<0.05.

RESULTS

The basal BP and HR recorded before sleep depriva-
tion and after REMSD were comparable and there was
no significant difference, as shown in Table 1.

THE EFFECT OF FORMALIN INJECTION (TONIC
PAIN) ON BP AND HR RESPONSE BEFORE AND AF
TER REMSD

BP and HR responses to formalin injection were re-
corded at 5, 10 and 30 minutes. In the second tonic
phase of pain i.e. after 10 minutes of formalin injec-
tion, the BP and HR were maintained at a level higher
The differences between the BP
and HR responses to tonic pain, before and after sleep

than basal values.

deprivation (10+ 4% vs 17+ 5%, respectively) were
significant: p < 0.027, P <0.034 respectively. After 30
minutes of tonic pain the BP and HR in non-SD state
tended to return towards the basal level. In sleep dep-
rivation, the BP and HR remained elevated with no
tendency to return towards the basal level. The differ-
ences between the BP and HR responses to 30 minutes
of tonic pain in non-SD and after REMSD (1+ 0.5%
vs 20+ 5%) were significant (p=0.001). Similarly, the
HR responses before and after REMSD (13% + 5 vs +
37% * 5) were also statistically significant (p= 0.006)
respectively (Figure 1).

PLASMA MELATONIN AND -ENDORPHIN LEVELS
Figure 2 shows the plasma levels of melatonin and f3-
endorphin levels in rats with non-SD and after sleep
deprivation. Both these were significantly lower in
REMSD rats compared with controls. The melatonin
levels in REMSD were (0.07 + 0.01 nmol/ml) com-
pared with (0.22+ .03 pmol/ml) in the controls (p <
.001). Beta-endorphin levels in REMSD were (0.86
0.17 pmol/ml) compared with (1.55 + 0.43 pmol/ml)
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in the controls (p <0.002).
DISCUSSION

We have demonstrated that REM sleep deprivation for
72 hours in rats significantly enhanced and prolonged
the BP and HR response to formalin-induced tonic
pain. In addition REM sleep deprivation significantly
reduced serum melatonin and -endorphins levels in
rats.

The mechanism by which REM sleep depriva-
tion enhances the blood pressure and HR response to
pain is probably fairly complex. Possible explanations
could be that REM sleep deprivation is associated with
hyperalgesia in rats,"* due to lowered melatonin levels,
which has a pain modulatory action.” Melatonin also
acts as hypotensive hormone in rats'* and humans.' It
is therefore conceivable that the sleep deprivation that
lowered the melatonin levels in SD rats could be re-
sponsible for the enhanced cardiovascular response to
pain. Examining previous studies the inhibitory role
of melatonin on cardiovascular functions indicated
that melatonin reduces peripheral norepirephrire re-
lease and increases central sympathetic activity." In-
creased sympathetic nervous system activity has been
proposed as one of the mechanisms for cardiovascular
changes with pain in sleep deprivation.”” However,
a study conducted to measure the sympathetic drive
after sleep deprivation following stressful stimuli in
human subjects failed to show an increased sympa-
thetic activity.'* Melatonin also increases vagal tone
by direct action on the hypothalamus, decreases brain
serotonin release and is an antioxidant with a vasodi-
lator action directly on blood vessels.'®

Another possible explanation for enhanced cardio-
vascular response in our experiment is reduced -en-
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dorphin levels in REM sleep deprivation. These data
support other findings that opioids play a tonic regu-
latory role on the cardiovascular control system.'*?
However, possible down regulation of opioid recep-
tors in REM sleep deprivation could be involved. The
locus ceruleus, the primary noradrenergic pathway
for nociceptive cardiovascular response, has opioid
receptors in large concentration.?! It is possible that
REMSD could have down regulated these receptors
as well, resulting in exaggerated blood pressure and
HR response in our study. However, there is a lack of
available evidence to support this hypothesis.

Although our data indicate that exaggerated BP
and heart rate changes with pain in REMSD rats is
associated with reduction in melatonin and B-endor-
phins, the cause and effect relationship is yet to be
established. The associated reduction in levels of me-
latonin and B-endorphins in SD animals suggest pos-
sible involvement of these chemicals in regulating car-
diovascular response to nociception. Possible future
research should be directed at examining whether this
exaggerated cardiovascular response can be reversed
by treating animals with melatonin or B-endorphins.
Extrapolation of these experiments to human studies
is still to be determined.
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