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BACKGROUND: Melatonin has sedative, analgesic, antiinflammatory, antioxidative,
and chronobiotic effects. We determined the impact of oral melatonin premedica-
tion on anxiolysis, analgesia, and the potency of the rest/activity circadian rhythm.
METHODS: This randomized, double-blind, placebo-controlled study included 33
patients, ASA physical status I–II, undergoing abdominal hysterectomy. Patients
were randomly assigned to receive either oral melatonin 5 mg (n � 17) or placebo
(n � 16) the night before and 1 h before surgery. The analysis instruments were the
Visual Analog Scale, the State-Trait Anxiety Inventory, and the actigraphy.
RESULTS: The number of patients that needed to be treated to prevent one additional
patient reporting high postoperative anxiety and moderate to intense pain in the
first 24 postoperative hours was 2.53 (95% CI, 1.41–12.22) and 2.20 (95% CI,
1.26–8.58), respectively. The number-needed-to-treat was 3 (95% CI, 1.35–5.0) to
prevent high postoperative anxiety in patients with moderate to intense pain, when
compared with 7.5 (95% CI, 1.36–�) in the absence of pain or mild pain. Also, the
treated patients required less morphine by patient-controlled analgesia, as assessed
by repeated measures ANOVA (F[1,31] � 6.05, P � 0.02). The rest/activity cycle,
assessed by actigraphy, showed that the rhythmicity percentual of 24 h was higher
in the intervention group in the first week after discharge ([21.16 � 8.90] versus
placebo [14.00 � 7.10]; [t � �2.41, P � 0.02]).
CONCLUSIONS: This finding suggested that preoperative melatonin produced clini-
cally relevant anxiolytic and analgesic effects, especially in the first 24 postopera-
tive hours. Also, it improved the recovery of the potency of the rest/activity
circadian rhythm.
(Anesth Analg 2007;105:1263–71)

Millions of patients receive sedatives to reduce
anxiety before surgery, but the choice of premedica-
tion is often determined by habit and tradition, rather
than by scientific evidence (1). A study recorded that
more than 75% of the anesthesiologists in the United
States usually administer sedative premedication to
healthy patients admitted for surgery (2). Although

the use of preoperative benzodiazepines is the most
common practice, the potential clinical benefits of new
therapeutic options in this setting remain to be inves-
tigated. The pineal hormone, melatonin (N-acetyl-5-
methoxytryptamine), has several putative functions
that may make it an attractive option for premedica-
tion, including the regulation of circadian rhythms,
and sedative, analgesic, antiinflammatory and antioxi-
dative effects (3).

Melatonin is a methoxyindole synthesized from
tryptophan and secreted principally by the pineal
gland. It has an endogenous circadian rhythm of
secretion induced by the suprachiasmatic nuclei of the
hypothalamus that is entrained to the light/dark cycle
(4). In mammals, melatonin is present in almost all
tissues, with or without the melatonin receptors, be-
cause it acts both as a hormone and an antioxidant (5).
Considering the time-dependent action of melatonin,
it can be better classified as a chronohypnotic (6).

Five milligrams of oral melatonin per day has been
used to alleviate jet lag (7) and as a preoperative
sedative (8–10). Also, melatonin has been associated
with the relief of pain in patients with extensive tissue
injuries (3). Considering the potential pharmacological
benefits of melatonin, we designed this study to
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determine the impact of oral melatonin premedication
on anxiolysis, analgesia, and the potency of the
rest/activity circadian rhythm.

METHODS
After ethics committee approval and written in-

formed consent, 35 patients, ASA classification I–II, aged
30–55 yr scheduled total abdominal hysterectomy were
enrolled into the randomized, double-blind, placebo-
controlled study. Patients with contraindications to re-
gional anesthesia, mental impairment, chronic pain, or a
history of congestive heart failure, valvular heart disease,
renal or hepatic disease, or who had used psychotropic
drugs in the present or in the past, or had language or
communication difficulties were excluded. Also, patients
with a body mass index higher than 25 kg/m2, those
with sleep disorders, a history of psychiatric disorder
and/or those patients with positive screening for minor
psychiatric disorders (scores �8) on the World Health
Organization’s Self-Reporting Questionnaire (SRQ-20)
were excluded (11). The SRQ-20 measures somatic
symptoms, depressive mood, depressive thoughts, and
decreased energy.

Patients were allocated in a double-blind manner,
using a random number table, to receive either 5 mg
oral melatonin (Sigma Chemical, St. Louis, MO) or
placebo the night before (10 pm) and 1 h before
surgery. No other preoperative medication was given.
Blinding and randomization were performed by two
investigators not involved in the patients’ evaluations.
Other individuals involved in the patient’s care were
unaware of patient group assignment.

The primary outcomes were postoperative pain, as
assessed by pain scores and analgesic consumption.
Secondary outcomes were rest-activity cycles and
anxiety.

The first evaluation was 1 wk before the hospital-
ization in the ambulatory Perioperative Medicine and
Anesthesia Service area. Patient characteristics were
collected using a structured questionnaire, and each
patient underwent psychological testing. The six
evaluators received 1 mo (60 h) of training with
role-playing activities and discussion, focusing on
difficulties that might occur during the interviews.
They presented the tests in a random order to prevent
order effects, and were assisted in 15% of the inter-
views by the principal investigator. To ensure blind-
ing, postoperative assessment was performed by a
different physician from the one who had performed
the preoperative evaluation. The staff who provided
instructions on patient-controlled analgesia (PCA) use
and program changes was unaware of group assign-
ment. The principal investigator attached the acti-
graph on the dominant wrist and explained its use
(12). The second evaluation was the day before the
surgery, after admission to the hospital. On the night
before surgery, all patients were evaluated by the
same anesthesiologist, who provided them with infor-
mation on the perioperative course and instructed

them on how to use the PCA pump. Moreover, each
patient underwent anxiety assessment and instruction
on the use of the Visual Analog Scale (VAS) pain
scoring system.

A 100 mm VAS was used to assess pain, sleepiness,
nausea, and vomiting. Scores ranged from 0 (absence
of symptom) to 100 (maximum symptom) (13). Fur-
thermore, satisfaction with pain management was
assessed by the same method and scores ranged from
0 (very dissatisfied) to 100 (very satisfied). After
surgery, the assessment was recorded at the following
times: nausea and vomiting was recorded at 24, 48,
and 72 h; pain and sleepiness at 6, 12, 18, 24, 36, 48,
and 72 h; state anxiety at 6, 24, 36, 48, and 72 h; and
satisfaction with pain management was performed
72 h after the surgery. Sleepiness, nausea, and vomit-
ing were defined as the global average of ratings
obtained at each time point.

All of the psychological tests used in this study
were validated for the Brazilian population. To mea-
sure anxiety, the State-Trait Anxiety Inventory (STAI)
(14) was used. The Montgomery-Äsberg Depression
Rating Scale was used to measure depressive symp-
toms (15). The SRQ-20 was used to screen for minor
psychiatric disorders (sensitivity � 86%; specificity �
77%) (12). Exposure to alcohol was evaluated by the
CAGE Questionnaire (sensitivity and specificity of
88% and 83%, respectively) (16).

Sleep quality before hospitalization was assessed
through the Pittsburgh Sleep Quality Index (PSQI),
which is a self-rated questionnaire with previously
established reliability and validity (17) that assesses
sleep quality and disturbances over a 1-mo time
interval. The global PSQI score ranges from 0 to 21;
higher scores indicate worse sleep quality (18). The
global PSQI score more than 5 has yielded a diagnostic
sensitivity of 89.6% and specificity of 86.5% in distin-
guishing good and poor sleepers (18).

The rest–activity cycle was assessed by actigraphy
(12). The actigraph model used in this work was an
Actiwatch-L® (Mini Mitter Company), which mea-
sures activity and ambient light exposure. Actiwatch
is an activity monitor designed for long-term monitor-
ing of gross motor activity in humans. It contains an
accelerometer that is capable of sensing any motion
with a minimal resultant force of 0.01 g. All commu-
nication with the actigraph is accomplished using an
Actiwatch reader® (Mini Mitter Company) that is
connected to a computer via an RS-232 Serial Port. The
epoch length was 1 min. The software used was the
Actiware Sleep-Circadian Rhythm Analysis® (Mini
Mitter Company). The data were converted into a .txt
format that could be processed by the Cosana Pro-
gram (19). The patients wore wrist actigraphs with a
light sensor for 18 days (7 days before surgery, during
the hospital stay, and 7 days after discharge at home).

On arrival in the anesthesia room, all patients
underwent standard monitoring. Before the epi-
dural anesthesia, physiologic solutions 0.9% 10
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mL/kg and IV fentanyl (100 �g) were administered.
Then, all patients had an extradural catheter in-
serted at the lumbar segments L2/L3 or L3/L4.
Ropivacaine (10 mg/mL) 16 –20 mL was adminis-
tered epidurally. If there were signs of inadequate
analgesia, an additional 5 mL doses were used.
Continuous propofol (0.08 – 0.1 mg � kg�1 � min�1)
was administered to maintain conscious sedation
during the surgery. Intraoperative variables, includ-
ing ropivacaine and ephedrine doses, length of
surgery, blood loss, and anesthetic and surgical
complications, were noted. At the end of the sur-
gery, the sedation was stopped and the extradural
catheter was removed.

After being transferred to the postanesthesia care
unit, the patients were connected to a morphine PCA
pump, with a delivery of 2.5 mg morphine, a 10 min
lockout and a maximum dose of 30 mg per 4 h. If their
pain was unrelieved, the PCA dose was increased by
0.8 mg until pain control was achieved. The PCA was
maintained during the first 72 h after the procedure.
The analgesic consumption was measured by record-
ing the amount of morphine used via PCA and
adjusted by patient weight. No other pain medication
was allowed. The analgesia in all patients at 72 h after
surgery was maintained with 30 mg codeine plus 500
mg acetaminophen every 6 h and 75 mg sodium
diclofenac three times per day. If pain was not re-
lieved, 1000 mg of dipyrone was given every 6 h. If
required, 10 mg metoclopramide was administered for
nausea. If this was ineffective, 4 mg ondansetron was
given. For analytical purposes, the number of anti-
emetic doses used in the first 72 h after surgery was
considered, including both antiemetics (metoclopra-
mide and ondansetron).

A checklist was used to monitor respiratory, uri-
nary, cardiovascular, and neurological complications.
This checklist covered points related to the surgery,
anesthesia, surgical wound, electrolytic disturbance,
and bleeding. The presence of infection was defined
by clinical and laboratory investigation. The diagnosis
was established by a gynecologist unaware of the
treatment group. Patients who did not present with
complications were discharged on the third day after
surgery on any day of the week. The gynecologist in
charge of discharge was blinded to the aim of the
study and all other measures. The length of hospital
stay was defined as the number of complete days
spent in the hospital.

After discharge, the analgesic schedule at home
was maintained with 75 mg sodium diclofenac three
times daily and 30 mg codeine plus 500 mg acetamin-
ophen every 6 h, if patients experienced pain. One
week after discharge, the patients were evaluated in
the ambulatory Perioperative Medicine and Anesthe-
sia Service. They responded to Montgomery-Äsberg
Depression Rating Scale, the State Anxiety Inventory
of STAI, and the VAS of pain. Also, in this assessment,

the data obtained by the actigraphy at home were
downloaded.

A previous external pilot study, with 10 patients in
each group, followed the same inclusion criteria de-
scribed in the present study. Therefore, these patients
were not included in the overall analysis of the data
(20). On the basis of the data obtained by the pilot
study, sample size calculations were performed after
primary end-point measurements: postoperative pain
measured by VAS and morphine consumption. To
calculate the sample size, the average postoperative
pain rating on the VAS scale and morphine consump-
tion in different time periods during the first 72 h after
surgery were incorporated into a cumulative mean.
Twenty-eight patients (14 per group) were required to
detect a 35% difference between groups on primary
end-point measurements with a power of 90% and set
at 0.05 (21).

The differences between groups for continuing data
were examined by the t-test for independent samples,
and categorical data were examined by �2 or Fisher’s
exact tests. After first checking assumptions of nor-
mality for the outcomes measures by skewness and
Kurtosis tests, the experimental groups (melatonin
and placebo) were compared for differences in pain,
anxiety, and morphine consumption by repeated mea-
sures analysis of variance (ANOVA), with the treat-
ment group as a factor and time as the repeated
measure. One-way ANOVA with post hoc multiple
comparisons by Bonferroni test was used to identify
differences between groups at each time point.

The magnitude of the effect of melatonin through-
out the first 24 postoperative hours was demonstrated
by the number of patients that needed to be treated
(NNT). The cutoff point used to classify the anxiety
level in the STAI was based on the � score (mean of
postoperative state-anxiety assessed 6 and 24 postop-
erative hours minus preoperative state-anxiety):
mildly anxious (scores �0) and highly anxious (scores
�0) (22). To analyze the effect of melatonin on pain,
the patients were classified into two groups according
to the mean pain VAS score at 6, 12, 18, and 24 h after
surgery: absence of pain or mild pain (mean scores �3
cm); and moderate, intense, or worst possible pain (�3
cm) (14). For a nonsignificant result, the 95% CI
around the NNT expands from a positive value to a
negative value, and thus the 95% CI for the NNT will
include infinity (�) (23).

The variation in rest–activity was fitted to a sinu-
soidal curve by the cosinor method, a linear method of
least squares (17) (Cosana Program, version 3.1) (19).
The cycle duration (period of a completed cycle) was
fixed in a 24 h period, because the normal rest/activity
cycle for adult humans has a circadian pattern. The
rhythmicity percentual of 24 h (proportion of oscilla-
tion into the circadian pattern present in a temporal
data sequence) was analyzed to characterize the
strength of the circadian rhythm (13). Also, the mean
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rhythmicity percentual from each period was com-
pared between groups (melatonin and placebo) by the
unpaired t-test. For all analyses, statistical significance
was set at P � 0.05, two-tailed. Data were analyzed
using SPSS version 9.0 (SPSS, Chicago, IL) and Sig-
maPlot software version 10.0.

RESULTS
Thirty-five patients were randomized to one of two

groups. Two patients, however, were excluded for
major protocol violations. Patients’ characteristics and
perioperative variables are summarized in Tables 1–3.

The mean melatonin dose used orally in the 12 h
before surgery was 0.15 � 0.03 mg/kg.

There was an effect on anxiolysis in the treatment
group (F[1,31] � 6.27, P � 0.018). However, there was
no effect on time (F[1,31] � 0.061, P � 0.81) or an
interaction between factors (F[1,31] � 0.31, P � 0.58)
(Fig. 1). In the intervention group, the NNT to prevent
one additional patient from reporting high state post-
operative anxiety in the immediate 24 h postoperative
period was 2.53 (95% CI, 1.41–12.22).

There was an effect in the treatment group on
postoperative pain over time (F[1,31] � 46.94, P �

Table 1. Characteristics of the Study Sample

Characteristic

Group

PPlacebo (n � 16) Melatonin (n � 17)
Age (yr)a 43.88 � 4.09 44.82 � 4.58 0.53
Weight (kg)a 60.06 � 5.22 60.41 � 5.45 0.85
Body mass index (BMI)a 22.83 � 1.90 22.97 � 1.84 0.79
Formal education (yr)a 7.88 � 2.57 8.41 � 3.80 0.63
ASA status I/IIb 11/05 12/05 0.90
No. of previous surgeriesa 1.63 � 1.67 1.47 � 1.37 0.77
Values are mean (SD) or frequency (n � 33).
a Unpaired t-test to compare means standard deviation.
b Fisher’s exact test to compare frequencies.

Table 2. Psychological Characteristics, Satisfaction with Pain Treatment and Sleepiness Levels

Characteristic

Group

PPlacebo (n � 16) Melatonin (n � 17)
Exposure to alcohol: Yes/Noa 02/14 04/13 0.40
Preoperative Pittsburgh Sleep Quality Index (PSQI) 7.68 � 3.02 7.05 � 2.74 0.53
Preoperative pain reported on Visual Analog Scaleb 0.38 � 0.50 0.35 � 0.49 0.89
Preoperative anticipation of postoperative painb 3.88 � 3.34 3.98 � 2.95 0.82
Preoperative state anxietyb 37.13 � 9.45 37.94 � 5.80 0.77
Trait-anxietyb 36.63 � 8.09 36.00 � 7.56 0.82
Montgomery-Äsberg Depression Rating Scaleb 5.81 � 4.08 5.76 � 5.40 0.97
Self-Reporting Questionnaire (SRQ-20)b 3.19 � 2.42 3.12 � 2.28 0.93
Satisfaction with pain treatmentb 9.01 � 1.35 8.59 � 2.14 0.51
Sleepiness on Visual Analog Scale 6 h after surgeryb 3.31 � 2.93 3.59 � 2.44 0.76
Global average of sleepiness on VAS after surgery (72 h)b 3.90 � 1.12 4.46 � 1.23 0.18
Values are mean (SD) or frequency (n � 33).
a Fisher’s exact test to compare frequencies.
b Unpaired t-test to compare means standard deviation.

Table 3. Clinical Variables Measured During Intraoperative and Postoperative Periods

Variables

Group

PPlacebo (n � 16) Melatonin (n � 17)
Anesthetic or surgical complications: Yes/No 0/16 0/17 —
Duration of surgery (min)a 160 � 38.64 154.12 � 42.17 0.50
Bleeding (Ml)a 486.94 � 51.88 530 � 229.61 0.56
Dose of ropivacaine (mg/kg)a 178.94 � 21.08 177.65 � 23.59 0.87
Antiemetic doses adjusted by body mass indexa 1.87 � 2.15 1.41 � 1.80 0.50
Average of nausea on Visual Analog Scale (72 h)a 1.45 � 1.45 1.24 � 1.42 0.69
Montgomery-Äsberg Depression Rating Scale 1 wk after surgerya 7.81 � 9.08 6.85 � 6.43 0.56
Length of hospital stay (d)a 5.31 � 1.01 4.88 � 1.20 0.28
Values are mean (SD) or frequency (n � 33).
a Unpaired t-test to compare means standard deviation.
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0.001) and as reported by the VAS (F[1,31] � 4.64, P �
0.04). However, there was no interaction between
factors (F[1,31] � 0.95, P � 0.34) (Fig. 2). In the
intervention group, the NNT to prevent one addi-
tional patient from reporting moderate to intense
postoperative pain on VAS during the first 24 postop-
erative hours was 2.20 (95% CI, 1.26–8.58).

In the presence of moderate to intense postopera-
tive pain during the first 24 postoperative hours, 30%
of patients in the melatonin group presented with
high state anxiety 24 h after surgery when compared
with 76.90% in the placebo group. In contrast, in the

absence of pain or mild pain, 20% of the melatonin
group presented with high state anxiety, when com-
pared with 33.30% in the placebo group. The NNT
was 3 (95% CI, 1.35–5.0) to prevent high postoperative
anxiety in patients with moderate to intense pain
when compared with 7.5 (95% CI, 1.36–�) in the
absence of pain or mild pain.

Analysis of morphine consumption showed an ef-
fect on the treatment group (F[1,31] � 6.05, P � 0.02)
and there was a significant reduction in morphine
consumption across time, independent of the treat-
ment group (F[1,31] � 68.10, P � 0.001). Morphine

Figure 1. Anxiety scores reported on
State-Trait Anxiety Inventory (STAI)
measured on the night before surgery, 6,
24, 36, 48, and 72 h after surgery and 1
wk after discharge. Data are presented
as mean � sem. Asterisks (*) positioned
above the symbols indicate significant dif-
ference (P � 0.05) at time points between
the intervention and control groups com-
pared by one-way ANOVA, followed by
the Bonferroni test for post hoc
comparisons.

Figure 2. Pain scores reported on Visual
Analog Scale (VAS) measured on the
night before surgery, 6, 12, 18, 24, 36, 48,
and 72 h after surgery and 1 wk after
discharge. Data are presented as mean �
sem. Asterisks (*) positioned above the
symbols indicate significant difference
(P � 0.05) at time points between the
intervention and control groups com-
pared by a one-way ANOVA, followed
by the Bonferroni test for post hoc
comparisons.
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consumption was not affected by the interaction be-
tween time and treatment (F[1,31] � 1.61, P � 0.21)
(Fig. 3).

The melatonin group showed a better recovery on
the rhythmicity percentual in the first week after
discharge ([t � �2.41, P � 0.02]) (Fig. 4).

DISCUSSION
Patients treated with melatonin preoperatively

had a significant decrease in pain and anxiety at all
time points assessed during the first 36 h after
surgery. Furthermore, they required less morphine
in the postoperative period and had better recovery
of the rhythmicity percentual in the first postopera-
tive week after discharge. We also demonstrated by

NNT, which defines the treatment-specific effects of
an intervention, that melatonin had a significant
clinical effect on pain and anxiety during the first
24 h after surgery.

The anxiolytic properties during the postoperative
period are presented in Figure 1. The benefit observed
in the present study is clinically relevant with respect
to anxiolysis, especially in patients with moderate to
intense pain that presented an incidence of high
anxiety more than twice the placebo group (30.00% vs
76.90%). This anxiolytic effect is supported by previ-
ous studies in animals and humans. In animals,
Guardiola-Lemaitre et al. (24) tested the combined
actions of melatonin and diazepam in two test models
of anxiolytics in mice, and reported that the pineal

Figure 3. Morphine consumption
inpatient-controlled analgesia (PCA).
Data are presented as mean � sem of
cumulative morphine consumption by
PCA, which express the total dose used
in each 6-h period from the moment the
patient was connected to the PCA until
72 h after surgery. Asterisks (*) posi-
tioned above the symbols indicates sig-
nificant difference (P � 0.05) at time
points between intervention and control
groups compared by one-way ANOVA,
followed by the Bonferroni test for post
hoc comparisons.

Figure 4. The perceptual of rhythmicity
of groups in the preoperative period (7
days before surgery); during hospital-
ization period and during the first 7
days after discharge. Data are presented
as mean � sem. Asterisks (*) positioned
above the symbols indicate significant
difference (P � 0.05) at time points be-
tween the intervention and control
groups compared using the t-test for
independent samples.
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hormone enhanced the antianxiety activity of benzo-
diazepine. Likewise, Golombek et al. (25) reported a
significant anxiolytic activity in rats that was abol-
ished by the benzodiazepine receptor antagonist. In
humans, it was also demonstrated that 5 mg of mela-
tonin administered preoperatively had a clinical effect
on anxiolysis expressed by a NNT of similar magni-
tude to that of the present study (9,10).

Also, the magnitude of the melatonin effect on pain
was clinically relevant, because the NNT relative to
placebo for one additional patient to report moderate
to intense pain was 2.2. This effect on pain response
was also evidenced by a reduction in the morphine
consumption in the intervention group. To the best of
our knowledge, this is the first investigation that
builds on published data to provide additional evi-
dence about the analgesic effect of melatonin in the
clinical setting. Although the potential clinical analge-
sic effects of melatonin have not been widely explored,
and the exact mechanism and site of action of melatonin
to induce antinociception are not clear (26,27), the mag-
nitude of its clinical effect is important. Because no
significant difference was observed between groups in
the perioperative period, it is unlikely that factors other
than the use of melatonin can account for these results in
the intervention group.

The potential analgesic effect of melatonin that we
observed is supported by previous studies in animals in
which systemically administered melatonin produced
dose-dependent antinociception and enhanced mor-
phine analgesia (26–28). Possibly, this antinociceptive
effect of melatonin involves the activation of supraspinal
sites (26,29,30) and the inhibition of “spinal windup”
(29). This effect may be mediated by membrane recep-
tors linked to G proteins, and possibly through nuclear
receptors (31). Also, experimental evidence suggests that
its analgesic effect is mediated by the opioid system,
because it augments �-aminobutyric acid (GABA)-ergic
systems and morphine antinociception (32), enhancing
�-aminobutyric acid-induced currents and inhibiting
glycine effects (32–34). Moreover, it produces marked
antiinflammatory effects on peripheral sites by inhibiting
the release of proinflammatory cytokines (27,35,36) and
the rolling and adhesion of neutrophils to the endothelial
layer (37). This effect on cell defense occurs even in
concentrations compatible with nocturnal secretion (37).
However, further studies are needed to examine why
preoperative melatonin has these effects on postopera-
tive pain and to determine the mechanisms by which
exogenous melatonin modulates nociceptive circuits.

The rhythmicity percentual of 24 h of the rest/activity
cycle, which is a circadian marker (36), was higher in the
melatonin group during the first week after discharge.
This effect was observed only after discharge, and sug-
gests that, in the immediate postoperative period, there
are many other rhythm “signals,” including environ-
mental factors, such as noise, nursing procedures, dis-
comfort, positioning (36), and clinical factors related to
tissue injury, drugs, pain and increased stress, which can

be blunted via the melatonin effect on rhythmicity
percentual. One additional explanation for this result is
the suppression of nocturnal melatonin production in
the immediate postoperative period (38) and during
inflammation, when the levels of tumor necrosis factor
are high (39–41). This hypothesis suggests there is an
immune-pineal axis in which proinflammatory cyto-
kines disconnect the organism from environmental
stimuli that synchronize biological rhythms (39). Thus,
the chronobiotic effect of exogenous melatonin may
explain the accelerated recovery of the rhythmicity per-
centual of 24 h in patients of the intervention group.
Although its clinical importance and mechanism impli-
cated in this response are unclear, the accelerated syn-
chronization of biological rhythm can be a marker of
health (42), which suggests a better recovery in those
patients receiving melatonin.

Several methodological issues related to the design of
this study must be addressed. First, attending physi-
cians, nurses, and evaluators did not know which treat-
ment had been prescribed until the data collection was
complete. Therefore, bias was unlikely. Second, mecha-
nisms that underlie the effects of preoperative melatonin
on postoperative outcomes are unclear, but experimental
studies have demonstrated long-term effects on spinal
cord nociceptive transmission after one systemic mela-
tonin dose, suggesting that its long-term effect could be
explained by genomic changes (42). Third, the present
results do not allow us to establish whether melatonin
modulates pain behavior by a direct mechanism on the
central nervous system or by an indirect mechanism
through its neuroendocrine activity. Fourth, we empha-
size that the results of this study are relevant only to the
investigated patient population. Specifically, we ex-
cluded patients with a history of an affective disorder,
chronic pain, and past or present use of psychotropics.
Moreover, we excluded patients with ASA status higher
than II, and obese or overweight (body mass index �25)
individuals because of the high lipid solubility of mela-
tonin and the influence of obesity/overweight on circa-
dian variables.

Although the homogenous population of this study
is methodologically advantageous, the issue of exter-
nal validity arises. That is, hysterectomy may be
associated with a specific psychological and behav-
ioral state that is not common in other surgical popu-
lations, because the level of preoperative anxiety is
related to gender, age, and surgery type (43–45); thus,
it may be that the anxiety level of our sample would be
higher if compared with that of patients undergoing
minor inpatient surgery or outpatient surgery. Alter-
natively, it is possible that the anxiety level of our
sample may be linked with young age and gender.
This hypothesis is supported by previous reports that
indicate that women and young people are more
susceptible to pain and preoperative anxiety (45,46).
This is important because it is possible that the phar-
macological response to sedatives is related to the
anxiety level (47). Another point to consider is that a
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different dosage, administration schedule, or timing in
relation to surgery will result in different findings,
because the anxiolytic effect of preoperative melatonin
observed in this study and other previous studies that
used 5 mg oral melatonin in female patients contrasts
with the results reported by Capuzzo et al. (48), who
used 10 mg sublingual melatonin once, immediately
before the surgery. Furthermore, there are several
other methodological differences between the present
study and the study reported by Capuzzo et al. (48),
such as age, gender, type of surgery, anesthesia tech-
nique, and the instruments used to assess anxiety
level.

Although these differences do not permit comparison
of the results, they suggest that future clinical trials with
similar methodologies will be required to compare the
results. Also, it is important to consider that the patients
included in this investigation had their first evaluation 1
wk before the hospitalization. Because it is well estab-
lished that the preoperative anxiety responses develop
days or weeks before the surgery, it is possible that the
attention that the patient received had some influence in
the clinical course; thus, this factor has implications for
the practical applicability of these results, but it cannot
explain the differences in the postoperative outcomes
observed in our study, because the management was the
same in the placebo and melatonin groups. It is also
important to emphasize that, although the melatonin
was effective in attenuating the anxiety and improving
the postoperative pain response among patients under-
going epidural anesthesia associated with conscious
sedation, these findings cannot be generalized to pa-
tients undergoing general anesthesia or another type of
sedation. At present, we do not know why the melatonin
has postoperative effects; thus, we need new studies to
measure whether the melatonin response observed in
this study would be applicable to patients undergoing
other types of surgery and with other clinical character-
istics. Finally, we used actigraphy, a valid, reliable and
objective tool used to measure rest/activity rhythms.
This miniaturized motion detection system collected
motion activity quantitatively and enabled us to assess
the chronobiotic effects of melatonin, as evidenced by
accelerated postoperative resynchronization of circadian
rhythms in the melatonin group.

In conclusion, clinically relevant anxiolytic and
analgesic effects of melatonin were observed, at least
at the dosage used in this study. Furthermore, this
finding indicates that the administration of melatonin
before surgery may accelerate the resynchronization
of circadian rhythms in the postoperative period,
suggesting better recovery quality, which could be a
consequence of melatonin’s effects on pain and anxi-
ety, which usually enhance rhythmicity disruption in
stressful situations such as surgeries.
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sion rating scale. Br J Psychiatry 1987;150:797–800

17. Nelson W, Tong YL, Lee JK, Halberg F. Methods for cosinor-
rhythmometry. Chronobiologia 1979;6:305–23

18. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ.
The Pittsburgh Sleep Qualit Index: a new instrument for psy-
chiatric practice and research. J Psychiatr Res 1989;28:193–213

19. Menna-Barreto L, Benedito-Silva AA, Marques N, Andrade
MM, Louzada F. Ultradian components of the sleep-awake cycle
in babies. Chronobiol Int 1993;14:103–8

20. Lancaster GA, Dodd S, Williamson PR. Design and analysis of
pilot studies: recommendations for good practice. J Eval Clin
Pract 2004;10:307–12

21. Browner WS, Black D, Newman TB, Hulley SB. Estimating
sample size and power. In: Hulley SB, Cummings SR, eds.
Designing clinical research. Baltimore: Lippincott Williams
Wilkins, 1988:139–158

22. Hidalgo MP, Auzani JA, Rumpel LC, Moreira NL Jr, Cursino
AW, Caumo W. The clinical effect of small oral clonidine doses
on perioperative outcomes in patients undergoing abdominal
hysterectomy. Anesth Analg 2005;100:795–802

23. Altman D. Confidence intervals for the number needed to treat.
BMJ 1998;317:1309–12

24. Guardiola-Lemaitre B, Lenegre A, Porsolt RD. Combined effects
of diazepam and melatonin in two testes for anxiolytic activity
in the mouse. Pharmacol Biochem Behav 1992;41:405–8

25. Golombek DA, Matini M, Cardinali DP. Melatonin as an anxi-
olytic in rats: time-dependency and interaction with the central
GABAergic system. Eur J Pharmacol 1993:237:231–6

26. Yu CX, Zhu B, Xu SF, Cao XD, Wu GC. The analgesic effects of
peripheral and central administration of melatonin in rats. Eur
J Pharmacol 2000;403:49–53

1270 Preoperative Melatonin and Postoperative Outcomes ANESTHESIA & ANALGESIA



27. Raghavedra V, Agrewala JN, Kulkarni SK. Melatonin reversal of
lipopolysacharides-induce thermal and behavioral hyperalgesia
in mice. Eur Pharmacol 2000;395:15–21

28. Pang CS, Tsang SF, Yang JC. Effects of melatonin, morphine and
diazepam on formalin-induced nociception in mice. Life Sci
2001;68:943–51

29. Morgan PJ, Barret P, Howell E, Helliwell R. Melatonin recep-
tors: localization, molecular pharmacology and physiological
significance. Neurochem Int 1994;24:101–46

30. Stankov B, Cozzi B, Lucini V, Fumagalli P, Scaglione F, Fraschini F.
Characterization and mapping of melatonin receptors in the brain
of three mammalian species: rabbit, horse and sheep. A compara-
tive in vitro binding study. Neuroendocrinology 1991;53:214–21

31. Dubocovich ML. Melatonin receptors are there multiple sub-
types? Trends Pharmacol Sci 1995;16:5–56

32. Zahn PK, Lansmann T, Berger E, Speckmann E, Musshoff U.
Gene expression and functional characterization of melatonin
receptors in the spinal cord of the rat: implications for pain
modulation. J Pineal Res 2003;35:24–31

33. Wu FS, Yang YC, Tsai JJ. Melatonin potentiates the GABA (A)
receptor-mediated current in cultured chick spinal cord neu-
rons. Neurosci Lett 1999;260:177–80

34. Wu FS, Yang YC, Tsai JJ. Noncompetitive inhibition of the
glycine receptor-mediated current by melatonin in cultured
neurons. Brain Res 2000;881:208–11

35. Cuzzocrea S, Zingarelli B, Gilad E, Hake P, Salzman AL, Szabo
C. Protective effect of melatonin in carregeen-induced models of
local inflammation: relationship to its inhibitory effect on nitric
oxide production and its peroxynitrite scavenging activity.
J Pineal Res 1997;23:106–16

36. Cuzzocrea S, Tan DX, Constantino G, Mazzon E, Caputi AP, Reiter
RJ. The protective role of endogenous melatonin in carregeenan
induced pleurisy in the rat. FASEB J 1999;13:1930–8

37. Lotufo CM, Lopes C, Dubocovih ML, Farsky SH, Markus RP.
Melatonin and N-acetylserotonin inhibit leukocyte rolling and
adhesion to rat microcirculation. Eur J Pharmacol 2001;6:1116–21

38. Guo X, Kuzumi E, Charman SC, Vuylsteker A. Preoperative
melatonin secretion in patients undergoing coronary artery
bypass grafting. Anesth Analg 2002;94:1085–91

39. Pontes GN, Cardoso EC, Carneiro-Sampaio MMS, Markus R.
Injury switches melatonin production source from endocrine
(pineal) to paracrine (phagocytes)—melatonin in human co-
lostrum and colostrum phagocytes. J Pineal Res 2006;41:136–41

40. Domingues-Rodriguez A, Abreu-Gonzalez P, Garcia M, Ferrer J,
de laRosa A, Vargas M, Reiter RJ. Light/dark patterns of
interleukin-6 in relation to the pineal hormone melatonin in
patients with acute myocardial infarction. Cytokine 2004;2:89–93

41. Fernandes PACM, Cecon E, Markus RP, Ferreira Z. Effect of
TNF-� on the melatonin synthetic pathway in the rat pineal
gland: basis for a “feedback” of the immune response on
circadian timing. J Pineal Res 2006;41:344–50

42. Cardinali DP, Furio AM, Reyes MP, Brusco LI. The use of
chronobiotics in the resycnchronization of the sleep-wake cycle.
Cancer Causes Control 2006;17:601–9

43. Mondaca M, Hernandez A, Valladares L, Sierralta W, Noseda R,
Sono-Moyano R. Involvement of melatonin metabolites in the
long-term inhibitory effect of the hormone on rat spinal noci-
ceptive transmission. Pharmacol Biochem Behav 2004;77:275–9

44. Caumo W, Schmidt AP, Schneider CN, Bergmann J, Iwamoito
CW, Bandeira D, Ferreria MB. Risk factors for preoperative
anxiety in adults. Acta Anaesthesiol Scand 2001;45:298–307

45. Caumo W, Schmidt AP, Schneider CN, Bergmann J, Iwamoito CW,
Adamatti LC, Bandeira D, Ferreria MB. Preoperative predictors of
moderate to intense acute postoperative pain in patients undergoing
abdominal surgery. Acta Anaesthesiol Scand 2002;46:1265–71

46. Chapman CR, Cox GB. Anxiety, pain and depression surround-
ing elective surgery: a multivariate comparison of abdominal
surgery patients with kidney donors and recipients. J Psycho-
som Res 1997;21:7–15

47. O’Boyle CA, Harris D, Barry H, Cullen JH. Differential effect of
benzodiazepine sedation in high and low patients in a “real life”
stress setting. Psychophamacology 1986;88:226–9

48. Capuzzo M, Zanardi B, Schiffino E, Buccoliero C, Gragnaniello
D, Bianchi S, Alvisi R. Melatonin does not reduce anxiety more
than placebo in elderly undergoing surgery. Anaesth Analg
2006;103:121–3

Vol. 105, No. 5, November 2007 © 2007 International Anesthesia Research Society 1271


