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Effects of Morphine and Time of
Day on Pain and Beta-Endorphin

Natalie Ann Rasmussen, PhD, RN
Lynne A. Farr, PhD

Clients report more pain at some times of day than
at others due, in part, to the temporal variation of the
body’s inhibitory pain response. The analgesic effec-
tiveness of morphine varies with the time of day, per-
haps due to the inhibiting or enhancing effects of the
drug on plasma beta-endorphin (BE). This experiment
was designed to examine the timed effects of morphine
on the pain-induced BE response. Six groups of treat-
ment mice (injected with morphine sulfate) and 6
groups of control mice (injected with saline) were
exposed to an acute pain stimulus at 4-h intervals, and
blood was collected. Plasma BE was analyzed using
radioimmunoassay. Control mice showed a robust cir-
cadian BE-response rhythm with a peak at 0000 and a
nadir at 1200, whereas the BE response of mice that
received morphine was arrhythmic. Animals that
received morphine tolerated the noxious stimulus lon-
ger, but the analgesia varied with time of day. These
results indicate that morphine abolishes the rhythmic
BE response to pain and does not inhibit pain equally
at all times of day. Morphine doses should be titrated
to maximize the endogenous pain control system while
achieving analgesia with decreased dosages.

Key words:morphine, beta-endorphin, mice, hot
plate, circadian, paw-licking response latency

Although narcotics have been used as analgesics for
many years, clients still are experiencing pain. Poorly
managed acute pain often leads to insomnia
(Richtsmeier and others 1992), increased metabolic
rate (Shu and others 1994), water retention (Rung and
Marshall 1990), impaired immune function (Page and

others 1994), and increased heart rate (Sherman and
Loomis 1994). Pain may cause functional disabilities
(Millard 1989; Ferrell and others 1995) and can
become constant (Woolf 1991), leading to increased
work disabilities (Reisine and others 1989). Pain has
been associated with increased morbidity and mortal-
ity rates (Stanik-Hutt 1993). In 1992, the Acute Pain
Management Guideline Panel (1992) of the Agency
for Health Care Policy and Research developed guide-
lines that identify the benefits of providing more effec-
tive pain control to increase client satisfaction, pro-
mote earlier mobilization, shorten the hospital stay,
and reduce cost.

Morphine is an important pharmacological modu-
lator of pain and an initiator of analgesia (Suh and oth-
ers 1989, 1992; Semenova and others 1995). The de-
scending pain control system, activated by morphine,
is mediated by the spinal release of norepinephrine and
serotonin and the subsequent stimulation of alpha 2
adrenoceptors and serotonin receptors in the spinal
cord (Suh and Tseng 1990a, 1990b). When morphine
is administered supraspinally, it binds selectively with
µ-receptors and with N-methyl-D-aspartate receptors.
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Metabolites of morphine, M6G and normorphine, also
have analgesic properties when bound to opioid recep-
tors µ1, µ2, and slightly toδ andκ (Paul and others
1989).

Noxious stimuli that accompany physiological
stressors are interpreted as unpleasant by most animals
and humans (Suh and others 1992). To control the level
of pain perceived, the body has developed mechanisms
for inhibiting painful stimuli. Chief among these adap-
tive mechanisms is an inhibitory system based on pro-
duction of beta-endorphin (BE). BE is an endogenous
opioid that is released in response to pain and increases
the inhibition of pain at several sites within the BE in-
hibitory pathway. It is synthesized in various biologi-
cal structures and is released when an organism is ex-
posed to stress or painful stimuli (Melzack and Wall
1965; Mayer and Price 1976; Guillemin and others
1977; Basbaum and Fields 1978; Shiomi and others
1986). Natural opioids, such as BE, mediate nocicep-
tive information prior to its being transmitted to the
brain (Burt 1993).

Circadian (approximately 24-h) rhythms influence
the expression of pain and the body’s responsiveness
to analgesic medication (Gagnon and others 2001).
Morin and others (2000) reported that pain intensity
varied with a circadian period and that there were time-
of-day differences in peak pain threshold between men
and women: Most women experienced the highest in-
tensity of pain during the day, whereas most men had
higher pain in the evening. The suprachiasmatic nu-
cleus is the primary pacemaker for the circadian physi-
ologic systems (Aronson and others 1993) and con-
trols the circadian, ultradian, and episodic release of
BE (Crockett and others 1977; Vuolteenaho and
Leppaluoto 1984; Iranmanesh and others 1989;
Veldhuis and others 1990). As an example of this
rhythm, BE concentration is increased during the dark
period and decreased during the light period in many
rodent species (Tang and others 1984; Vuolteenaho
and Leppaluoto 1984; Millington and others 1986).
The time-of-day differences in BE and BE modulation
of pain may account for the time-of-day differences re-
ported by clients in pain. This circadian variation may
explain the difference in pain tolerance, expressed as
paw-licking response latency (PLRL), observed in ro-
dents as well. Stressors, such as surgery, iron defi-
ciency, cold sensitivity in teeth, biliary pain, head-
aches, rheumatoid arthritis, and chest pain, can

increase the BE level in humans and can change or
completely abolish the circadian rhythm of BE
(Ostfeld 1963; Pollman and Harris 1978; Harkness
and others 1982; Kowanko and others 1982; McIntosh
and others 1985; Yehuda and Youdim 1989; Rigas and
others 1990; Bellamy and others 1991; Thompson and
others 1992).

Endogenous opioids, such as BE, and exogenous
opioids, such as morphine, activate the descending
pain control system (Suh and Tseng 1990a, 1990b).
Morphine binds toµ-receptors and slightly toδ- andκ-
receptors (Paul and others 1989). In addition to these
receptors, BE also binds to theε-receptors (Suh and
Tseng 1990a, 1990b; Nock and others 1993;
Bartolome and others 1995). The inhibitory effects of
morphine on these opioid receptors are demonstrated
in rodents by increases in the PLRL (Semenova and
others 1995).

As with other drugs, the circadian differences in BE
effects may be due to time-based variations in drug ab-
sorption, plasma protein binding, distribution, and me-
tabolism. Time of day also is important in mechanisms
such as hepatic blood flow, metabolizing enzyme ac-
tivities, renal functions, food intake, health, gene ex-
pression, posture, and exercise (Halberg and others
1980; Belanger and others 1985; Reinberg 1992; Rein-
berg and Ashkenazi 1993; Wetterberg 1994). In a large
study of clients treated for drug overdose, Gallerani
and others (2001) reported an opioid sensitivity peak
in the afternoon to early evening and a lethal overdose
peak later in the evening. However, they did not find
circadian variation in plasma morphine levels in a sub-
set of these clients. These data suggest that receptor
sensitivity variation may explain the observed
rhythms. Klepstad and others (2000) reported slight,
but not significant, circadian fluctuations of opioid
consumption by clients. These results are contrary to
those of other pain investigators and may be explained
by their limited sampling method. Kubynin and others
(2000) reported that laboratory rats displayed a rhythm
in pain threshold to electric shock that was inverted af-
ter morphine administration. These effects may be re-
lated to the rhythm in the activity of L-type calcium
channels reported by Hodoglugil and others (1996)
and of opioid receptor binding (Naber and others
1981). Research reports of morphine effects on BE are
mixed. Lim and Funder (1983) and Bach (1997) re-
ported no effect of morphine on BE. Bronstein and
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others (1993) found that morphine increased BE,
whereas Bronstein and others (1990) and Zhang and
others (1996) reported BE decreases with morphine.
The differences in these results may be explained by
the different procedures used to conduct the experi-
ments, the different species and strains of animals
used, and the particular tissue or fluid studied. Vari-
ability in the results also may be explained by differ-
ences in the times of day when the morphine was ad-
ministered and samples were collected.

Although morphine is an effective analgesic, its use
is not without possible adverse effects. Among these is
morphine-induced respiratory depression (Takita and
others 2000). Currently, the timing of the administra-
tion of morphine is not based on its circadian effects.
Both PLRL and BE are known to exhibit a circadian
rhythm, or a rhythm that repeats once in a 24-h period.
Yet no well-controlled, time-based studies have been
conducted to test the effects of morphine on pain re-
sponse (PLRL) and plasma BE when administered at
different times of day. The purpose of the study de-
scribed below was to investigate whether there were
time-of-day differences in the effects of morphine on
the pain tolerance threshold and the circadian plasma
BE response to pain.

Materials and Methods

Animals

Murine models are often used to obtain better ex-
perimental control in pain studies. For example, Dilute
Brown Agouti (DBA) mice are particularly good mod-
els for pain studies because they are genetically ho-
mogenous. They are similar to nonaddicted humans in
their pain inhibition processes, reward mechanisms,
memory processes, locomotor activation, drug-seek-
ing behavior, and withdrawal severity (Frischknecht
and others 1988). An acute procedure using mice was
selected over a repeated-measures experiment to pre-
vent morphine tolerance such as that reported by Ab-
bot and others (1982).

The DBA strain of mice was selected for these ex-
periments because they are less prone to drug addic-
tion and thus represent humans that are not addicted to
narcotics. These mice, however, are nocturnal, or ac-
tive during the dark hours, as opposed to humans, who

are diurnal, or active during the light hours. When ap-
plying the results of murine research to humans, then,
it is important to consider the time of the active period
of the organism.

Eight-week-old, 23–24-g, male, DBA mice
(Charles River Laboratories, Wilmington, MA) were
used in this experiment. Mice were given a minimum
of 7 days to recover from shipping stress and to allow
investigators to assess their health. All mice used in the
protocol were active and free of motor deficits to en-
sure that the spinal pathways, reported to underlie the
morphine-induced analgesia in phasic pain, were in-
tact (Ryan and others 1985). The mice were housed
individually in clear styrene cages in a private,
controlled-access room in the laboratory animal facili-
ties of the Comparative Medicine Department. Indi-
vidual housing was used to reduce social conflict and
stress, which have been shown to bring about stress-in-
duced analgesia (Guillemin and others 1977; Kulling
and others 1988). The presence of other mice in the
room prevented isolation stress. Food and water were
allowed ad libitum. A 12:12 light/dark cycle, with
lights on at 0600, and a room temperature of 22± 1 °C
were maintained throughout the study. Experiments
timed for the dark phase were performed under dim
red light. This study was approved by and conducted in
accordance with the Public Health Service Policy on
the Humane Care and Use of Laboratory Animals,
USDA regulations, and the Institutional Animal Care
and Use Committee guidelines.

Hot-Plate Protocol

Various techniques have been used to induce pain
for the assessment of analgesia in mice. Among these
are the Straub tail response (D’Amore and others
1992), hamstring flexion reflex (Wiesenfeld-Hallin
1985), paw licking (Kavaliers and Ossenkopp 1988;
Tseng and Collins 1991; Semenova and others 1995),
paw biting (Hylden and Wilcox 1981), hind-limb
scratching (Larson 1983), kicking (Crockett and oth-
ers 1977), flinch jumping (Evans 1974), and paw-
pressure response (Randall and Selitto 1957). Other
methods that have been used to study pain include
acute chemical response (Dubuisson and Dennis
1977), chronic inflammatory response (Colpaert and
others 1980), jumping (Wesche and Frederickson
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1979; Semenova and others 1995), response to colonic
distention (Ness and Gebhart 1990), tail flicking
(Kulling and others 1988; Tseng and Collins 1991;
Suh and others 1992; Semenova and others 1995), tail-
clip response (Semenova and others 1995), or abdo-
men scratching (Hylden and Wilcox 1981). The 2 most
common methods are the tail-flick response and the
paw-lick response. The hot plate has been used to in-
duce mild pain and measure analgesia by Li and others
(1977), O’Callaghan and Holtzman (1975), and
Woolfe and MacDonald (1944). Eddy and Leibach
(1953) used the paw-licking response to a hot plate to
determine antinociception. The paw-licking response
is a supraspinal reflex (Jensen and Yaksh 1986). Pain
signals are relayed to the brain and induce the re-
sponse. This test is a preferred method because it de-
tects intentional, protective responses and operant re-
activity (Kelly 1982).

The hot-plate test is useful in studies of pain for sev-
eral reasons. First, the stimulus is quantifiable and has
a rapid onset and termination. The pain threshold and
tolerance levels for the test are comparable across spe-
cies, which allows inferences to be made about pain
mechanisms between species and animal models. Sec-
ond, the stimulus excites a specific group of primary
afferent fibers and activates a specific group of
nociceptors. This specificity ensures that the test stim-
ulates only nociceptors in the pain sensitivity range
and that the stimulus quality is constant across the pain
sensitivity range. Third, the hot-plate procedure uses
an acute stimulus to induce the BE response. The re-
lease of BE following a painful stimulus evolves over
time. To establish comparability, pilot experiments
were conducted to determine the interval when BE lev-
els were no longer rising and had not yet begun to de-
cline. Using the acute (phasic) pain stimulus rather
than a chronic (tonic) pain stimulus provided a stable
and reproducible interval for sampling among all
animals.

The hot-plate procedure uses thermal stimuli to pro-
duce phasic pain. With the hot-plate test, the investiga-
tor is able to distinguish between responses to
nonnoxious and noxious stimuli. Because the sensa-
tion parameters of heat intensities are similar for mice
and humans, this procedure produces similar re-
sponses in the two. The thermal pain produced by the
hot plate does not necessarily mimic clinical pain;
rather, it produces a pain sensation and pain-modulat-

ing mechanisms that can be quantified. One limitation
is that the hot-plate test does not duplicate the afferent
characteristics or psychological makeup of human
syndromes. It does, however, offer a method of testing
in animal models analgesic agents that often are used
in the management of pain in humans (Gracely 1991).
The effectiveness of the hot-plate test for examining
the effects of antinociceptive drugs in rodents has been
confirmed by Vierck and others (1989).

In the current study, the hot-plate procedure gener-
ated a mild, reproducible pain stimulus without caus-
ing injury to the animals. The hot plate, with a 15.9×
15.9 cm aluminum surface plate, was insulated with
polystyrene to minimize temperature fluctuation
(Thermolyne Aluminum Type, Model HPA1915B,
Dubuque, IA). To maintain temperature fluctuations at
55± 1 °C, a temperature controller was used (GlasCol,
PowrTrol Model, Terre Haute, IN). A thermo-coupled
thermometer (Omega, Model HH11, Stamford, CT)
was used to monitor the temperature. These methods
allowed more precise control of the heat stimulus than
has been used in previous research designs, resulting
in greater experimental comparability.

Pain is generated from thermal stimuli due to a
crossover between C fibers of the thermal pathway and
C fibers of the pain pathway. In the skin, the composi-
tion of the receptor cell membrane in free nerve end-
ings for pain differs from that in free nerve endings for
thermal stimuli. Heat signals are transmitted via C fi-
bers and are transmitted in pathways parallel to those
for pain. Thermal receptors detect the presence or ab-
sence of heat in the range of 18 °C skin temperature
and 40 to 45 °C stimulus temperature (Iggo 1969;
Kenshalo and Duclaux 1977; Willis and Coggeshall
1991). When temperatures are in the noxious range
(above 45 °C), nociceptors are stimulated and pain is
perceived (Willis and Coggeshall 1991). A tempera-
ture of 55 °C was chosen because the temperature was
above that required to stimulate nociceptors and below
that reported (60 °C) to cause burns in mice (Behl and
others 1980; Behl, Flynn, Barrett, Linn, and others
1981; Behl, Flynn, Barrett, Walters, and others 1981).
The temperature was also consistent with that used by
other investigators (Hodoglugil and others 1996).

During the PLRL tests, animals were placed indi-
vidually into a bottomless Plexiglas cage (10× 15.5×
22 cm) resting on the surface of the hot plate. The
PLRL was measured with an electronic digital timer
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(Fisher Scientific, Indianapolis, IN). The PLRL was
determined in seconds from the time that mice were in-
troduced into the hot-plate cage until they initiated
paw licking. The mice that did not lick their paws
within 60 sec were removed from the hot plate
(Pierretti and others 1993; Rubenstein and others
1996). To obtain plasma samples for BE determina-
tion, mice were decapitated 10 min after they were re-
moved from the hot plate. Trunk blood was collected
in tubes coated with ethylenediaminetetraacetic acid
and immediately placed into ice.

Preliminary experiments had quantified the time re-
quired for the plasma BE levels to rise, plateau, and de-
cline following exposure to the hot plate. In these ex-
periments, mice were decapitated immediately, at
1 min and 3 min, and then at 5-min intervals for 45 min.
The 10-min interval was found to fall at the midpoint
of the plateau in BE response.

Radioimmunoassay (RIA)
of Beta-Endorphin

Plasma was separated from blood by centrifugation
at 4 °C. After separation, the plasma was stored at –39
°C for RIA analysis later. Plasma BE levels were deter-
mined using an RIA kit (DiaSorin, Stillwater, MN)
that was developed using a modified method described
by Orf and others (1979). In this method, the sample
to be measured is mixed with BE antiserum, radio-
labeled BE, and a precipitating complex. After incuba-
tion, the supernatant is decanted from the tubes. Pre-
cipitate in the tubes is counted by a gamma counter and
the BE concentration calculated by comparison to a
standard curve.

Procedure

Eight control and 8 treatment animals were tested at
each of 6 times of day (0000, 0400, 0800, 1200, 1600,
2000), for a total of 48 mice in each group. Control
mice were used at each time point to standardize for
the effects of handling and injection stress. Treatment
mice received an intraperitoneal (IP) injection of mor-
phine sulfate (2.3 mg/kg) in physiological saline, for a
total volume of 0.5 mL, 30 min prior to the hot-plate
exposure. The morphine dose was based on a study by
Friebel and Reichle (1955). Control mice received
0.5 mL of physiological saline IP 30 min before hot-

plate exposure using the same procedure that was used
with treatment mice. Thirty minutes were allowed for
absorption of the injected morphine or saline into the
animal’s system. Mice in both groups then were ex-
posed to a hot plate set at 55± 1 °C, the PLRL was
measured, and trunk blood was obtained for BE analy-
sis using the optimal timing procedure described
above.

Data Analysis

The PLRL and BE data were tested for normal dis-
tribution using the Kolmogorov-Smirnov test, and a
log transformation, which reduces skew and creates a
data set that approximates a more normal distribution,
was performed. Comparison between the treatment
and control groups and among time points was made
using ANOVA. In addition, data were tested for circa-
dian rhythmicity using cosine regression analysis
(Halberg 1969; Halberg and others 1972; Halberg and
others 1977; Halberg and Ahlgren 1979; Bingham and
others 1982). In a few cases, insufficient plasma was
obtained for BE analysis and resulted in missing data.
When BE data were missing, that animal’s PLRL
value also was removed from the analysis.

Results

Plasma BE levels following the painful stimulus are
plotted in Figure 1. Control mice, pretreated with sa-
line alone, exhibited a significant plasma BE response
following a painful stimulus (P < 0.001). The greatest
BE response to pain occurred at 0000, whereas the
lowest was at 1200. The response was immediate;
therefore, it is a good reflection of the secretion and re-
lease of BE into the plasma as part of the animals’ en-
dogenous, inhibitory response to acute pain. More BE
was released during the animals’ active “day” period
than during their inactive “night” period. The plasma
BE response of animals pretreated with morphine was
markedly different from that of the control animals.
BE levels were significantly lower than those of the
controls at all but 2 of the sampling times, and the time-
of-day relationship was lost. Loss of rhythmicity was
confirmed by using cosine regression analysis (r2 =
0.0333,F = 0.740,P = 0.4831). Morphine thus abol-
ished the circadian BE response rhythm following
acute pain.
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Figure 2 compares the PLRL response in the same
mice. As discussed above, the hot-plate latency test is a
measure of an animal’s tolerance to acute pain. The an-
imal’s tolerance is expressed in the number of seconds
that a mouse remained on the hot plate without licking
its paws. Control mice showed the greatest pain toler-
ance between 1200 and 1600 with a peak at 1600.
Comparing Figures 1 and 2, control mice tolerated
pain longer at the same time that they displayed the
lowest magnitude of BE response. The lower secretion
of BE at these times may be explained by a parallel
time-dependent attenuation of pain sensation or trans-
mission. It is not apparent from the data whether the at-
tenuation occurred at the level of the pain receptors,
the spinal cord, or the brain. However, increased pain
tolerance is consistent with a decreased physiologic
response to pain. Although the time-of-day differ-
ences in pain tolerance by control mice were not dra-
matic, they were confirmed as significant with
ANOVA (P< 0.001). The different levels of pain toler-
ance were related to time of day; however, the circa-
dian nature of PLRL response could not be confirmed

with cosine regression analysis (r2 = 0.0663,F = 1.352,
P = 0.2702). This may be due to the low amplitude of
the rhythm across the different time points. At 0000,
the BE response was at its highest, while the PLRL
was near its daily mean.

Mice pretreated with morphine were more tolerant
of pain than the controls throughout the day, as demon-
strated by the increased length of tolerance at most
time points. Pain tolerance appeared greatest at 1600;
however, increased variability (as evidenced by the in-
creased standard error bars) at each time point pre-
vented confirmation of a time-of-day effect using ei-
ther ANOVA or cosine regression analysis (r2 =
0.0166,F = 0.362,P = 0.6984).

The morphine effect on pain tolerance at each time
point is shown in Figure 3. This plot demonstrates
morphine’s ability to inhibit pain and increase toler-
ance to a greater extent than the endogenous BE re-
sponse system alone. The data in the graph were calcu-
lated by subtracting the control group mean PLRL (see
Fig. 2) from the morphine treatment group mean
PLRL (see Fig. 2) at each time point. This technique
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Figure 1. Circadian beta-endorphin response after mor-
phine and/or saline administration and exposure to a heated
hot plate. Mean beta-endorphin (BE) response of the treat-
ment (TX) mice (n = 46) and the control (CON) mice (n = 43) at
6 times of day. The TX mice received an intraperitoneal (IP)
dose of morphine and saline 30 min before exposure to a hot
plate set at 55 °C. The CON mice received an IP dose of saline
30 min before exposure to a hot plate set at 55C. Error bars
depict the mean SE. The white and black bar at the top of the
figure indicates when the light and dark intervals occurred.

Figure 2. Circadian paw-licking response latency after mor-
phine and/or saline administration and exposure to a heated
hot plate. Mean paw-licking response latency (PLRL) of the
treatment (TX) mice (n = 46) and the control (CON) mice (n =
43) at 6 times of day. The TX mice received an intraperitoneal
(IP) dose of morphine and saline 30 min before exposure to a
hot plate set at 55 °C. The CON mice received and IP dose of
saline 30 min before exposure to a hot plate set at 55C. Error
bars depict the mean SE. The white and black bar at the top
of the figure indicates when the light and dark intervals
occurred.
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allowed for the comparison of increases in pain toler-
ance over 24 h. Pain tolerance was not increased
equally at all times of day following morphine injec-
tion. Rather, morphine increased the animals’ability to
tolerate pain most (71%–112%) between 0800 and
1600. This 8-h interval occurred in the middle of the
animals’ inactive period or “night.” A decrease is seen
at 1200. This decrease may indicate the presence of an-
other shorter period rhythm subsumed by a stronger
circadian cycle, or it may be an artifact.

A phase-response curve (treatment response across
a 24-h day) was calculated to examine the effects of
morphine at the different times of day. Phase-response
curves are commonly used by circadian rhythm re-
searchers to estimate the effects of a treatment at dif-
ferent times of day. The effect of morphine on BE at
each time point was estimated by calculating a per-
centage difference between the 2 groups (see Fig. 4).
The graph demonstrates the effect of morphine on the
BE secretion response following a painful stimulus.
The effects of handling the animals and injecting them
is controlled for by expressing the effect as a change
from control BE values. From this analysis, it is appar-
ent that morphine’s effects on BE are selective and dif-

fer based on when the morphine is administered. Mor-
phine inhibited BE secretion in response to pain late in
the nocturnal animals’ active period (2000-0600). In-
hibition continued into their early inactive period
(0800). Morphine’s inhibition of the BE response was
strongest at the middle of the animals “day” and de-
creased progressively as their “evening” approached.
Later in the animals’inactive period, or “night” (1200–
1600), morphine increased the release of BE in re-
sponse to pain. The maximum effect occurred at the
midpoint of their “night” and then decreased through-
out the duration of their inactive period. There thus ap-
pears to be a predictable and time-dependent sensitiv-
ity to inhibition of the BE response to pain by
morphine (r2 = 0.3421,F = 10.398,P = 0.0002).

Discussion

The results of this study describe the time-dependent
effects of morphine on the BE response to acute, pha-
sic pain. Whether morphine increases or decreases
plasma BE concentration has been contradictory in
previous studies. Investigators have reported inhibi-
tion (Zhang and others 1996), enhancement (Bron-
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Figure 3. Increases in mean paw-licking response latency of
the treatment mice relative to the mean paw-licking response
latency of the control mice at 6 times of day. Mean paw-licking
response latency (PLRL) of the treatment (TX) mice (n = 46)
minus the mean paw-licking response latency of the control
(CON) mice (n = 43) at 6 times of day. The TX mice received an
intraperitoneal (IP) dose of morphine, and the CON mice
received an IP dose of saline. Both groups were exposed to a hot
plate set at 55 C. The white and black bar at the top of the fig-
ure indicates when the light and dark intervals occurred.

Figure 4. Mean beta-endorphin concentration of treatment
mice relative to the mean beta-endorphin concentration of con-
trol mice at 6 times of day. Mean beta-endorphin (BE) concen-
tration of the treatment (TX) mice (n = 46) minus the mean BE
concentration of the control (CON) mice (n = 43), divided by
the CON group BE and multiplied by 100 at 6 times of day. The
TX mice received an intraperitoneal (IP) dose of morphine,
and the CON mice received an IP dose of saline. Both groups
were exposed to a hot plate set at 55C. The white and black
bar at the top of the figure indicates when the light and dark
intervals occurred.
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stein and others 1993; Natsuki and Dewey 1993), and
no effect (Lim and Funder 1983) on BE following
morphine injection. As indicated by the results of the
current study, these contrary results may be explained
in part by the time of day in which the experiments
were performed. If the time of day is not closely con-
trolled, variable and even opposite effects of morphine
must be anticipated.

Although morphine and BE differ in their mode of
pain control system activation, both produce analgesia
by activatingµ- andδ-receptors, and both have a higher
affinity for µ-receptors than any other receptor. This
shared trait may lead to competition for theµ-receptor
when morphine is administered in the presence of en-
dogenous BE. Treatment with morphine prior to the
pain-stimulated release of BE may downregulate the
opioid receptors, decreasing the number of receptors
available for BE binding. Morphine may also decrease
the synthesis of proopiomelanocortin and BE, leading
to a decrease the amount of BE available to bind to
receptors.

In this study, morphine diminished the BE response
to pain at certain times (2000, 0000, 0400, 0800) of
day while enhancing it at others. The greater inhibitory
effects occurred late in the animals’ “day” and early in
their “night,” while morphine increased plasma BE
during the later part of the animals’“night.” Increasing
pain tolerance was observed during the intervals when
inhibition of BE was decreasing. The additive analge-
sic effects of increasing BE levels combined with mor-
phine may have accounted for this observation. How-
ever, during the period when morphine increased BE
release, additional enhancement of analgesia was not
seen. This may have been due the dose of morphine
used, which was intended to induce analgesia without
sedation since sedation would have prevented mea-
surement of the pain response latency. There may be a
limit to the pain tolerance that can be achieved in
nonsedated mice, which could not be exceeded with
the additional BE.

Pain tolerance was increased at all times of day by
the action of morphine, as was expected (Frederickson
and others 1977; Semenova and others 1995). As in
its action on BE, the effectiveness of morphine on
pain latency varied throughout the day. The greatest
morphine-induced increase in pain tolerance occurred
during the animals’ inactive period, or “night,” when
BE secretion was at its lowest. Morphine increased

pain tolerance less during the active period when con-
trol BE levels were higher. This is consistent with the
control animals’ BE plasma curve, which also was
higher during the active period. Thus, in the current
study, morphine increased pain tolerance; however,
the increase was less at times when the endogenous BE
levels were higher. In addition, the pain tolerance en-
hancement from morphine occurred at the expense of
the endogenous BE pain-inhibition system. Enhance-
ment of pain tolerance with morphine was minimal
early in the animals’active period, or “day.” This is the
time when their endogenous BE response was at its
highest and also the time when morphine had its great-
est inhibitory effect on BE. Thus, the small increase in
pain tolerance attributable to morphine during this
time was accomplished at the expense of the body’s
natural pain inhibitory control mechanisms. Morphine
administered later in their “day” (from midday) in-
creased pain tolerance more. These findings do not
support the conclusions of Klepstad and others (2000),
whose suggestion that it is not necessary to consider
time of day in prescribing oral opioids was based on
the minimal differences they observed in opioid re-
quest by clients. The data reported in this article dem-
onstrate that circadian differences in pain tolerance do
exist and that analgesia used without regard to time of
day may lessen the effectiveness of the body’s natural
pain inhibitory systems.

The results of this experiment indicated that in this
DBA mouse model, tolerance to pain and plasma BE
levels are rhythmic and are increased during the active
period and decreased during the inactive period. The
interpolation of these results to human clients must be
done with care, however. Although the basic physio-
logic pain control systems are similar between the 2
species, there are also differences. For example, mice
are nocturnal animals whereas humans are diurnal and
usually day active. However, there are responses dis-
played in the mouse model that should be considered
in studies and control of pain in humans. The reduction
in pain tolerance during the nighttime hours is consis-
tent with client reports of greater pain at night with ar-
thritis and other types of painful conditions. To avoid
compromising an organism’s natural inhibitory sys-
tems, morphine administration and, perhaps, other an-
algesic drug regimens should be applied in a manner
that enhances or at least alters the endogenous BE
rhythm. In current clinical practice, morphine admin-
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istration is not based on the status of the clients’endog-
enous pain-inhibition system at different times of day.
Instead, it is administered as needed by the client or as
a continuous infusion at a constant dose. According to
the results of the current study, however, morphine
may be more effective if given in varied doses that are
timed to be in synchrony with the endogenous BE
plasma levels. Higher morphine doses could be given
at times when BE is lower and lower doses given at
times when the morphine would be likely to diminish
BE levels. Doses could be titrated, using a programma-
ble pump such as a patient-controlled analgesia pump,
to enhance the endogenous circadian secretion of BE
and to minimize or prevent the obliteration of the BE
rhythm. Those who take analgesics orally could be
taught to take them at the time of day when they would
be most effective in decreasing pain without decreas-
ing BE levels.

In 1997, Auvil-Novak described a middle-range
theory known as the chronotherapeutic intervention of
postsurgical pain (CIPP). The CIPP takes into consid-
eration factors such as the individual biologic time
structure, environmental cues, response to surgical
trauma, pain stimulus reception, perception of pain in-
tensity, administration of pain medication, pain status,
and chronotherapeutic evaluation of analgesic require-
ments. The Auvil-Novak theory, which is supported by
the findings of this study, emphasizes the importance
of time-dependent approaches to pain assessment and
intervention that may be implemented by nurses in the
clinical setting.

Conclusion

Morphine is used frequently to control pain, yet it
also alters the endogenous BE response to acute pain.
In addition, the magnitude of the increase in pain toler-
ance provided by morphine is not equal at all times of
day. Results of this study suggest that to increase mor-
phine’s effectiveness, clinicians should base the tim-
ing and dosing of its administration on what is known
about its rhythm-determined effects on pain and on the
endogenous BE response to pain. The appropriate tim-
ing of morphine administration for the treatment of
acute pain should enhance the effect of the endogenous
opioid system, which may decrease the need for large
doses of morphine at some time points. Specifically, it

may be appropriate to decrease morphine dosages dur-
ing the client’s active period, or “day,” to achieve this
goal.
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