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Abstract
Background Melatonin has analgesic, anti-inflammatory, sedative, and anxiolytic properties. However, the relationship between
endogenous melatonin levels and postoperative analgesic requirements has not been well elucidated in patients undergoing
bariatric surgery. We studied endogenous melatonin levels, cortisol levels, body temperatures, and the relationship between
the level of endogenous melatonin and postoperative morphine consumption.
Methods The trial was conducted among 30 patients who were scheduled for laparoscopic bariatric surgery. Their ages were
between 18 and 65 years and their BMIs were above 40 kg/m2. Secretion of melatonin, cortisol, and body temperature was
monitored before the anesthetic induction, at 2 h intraoperatively, and at 2, 6, 10, (2:00 A.M.) and 24 h postoperatively. For each
patient, morphine consumption was assessed at postoperative visits. The primary outcomes were to measure endogenous
melatonin levels and to examine the relationship between these levels and morphine consumption. The secondary outcome
was to observe the changes in cortisol and body temperature.
Results There was a significant decrease in melatonin levels when preoperative melatonin levels were compared with intraop-
erative and all postoperative follow-up periods (p < 0.05). When the correlation between plasma melatonin levels and the
postoperative morphine consumption of the patients was inspected, there was a significant correlation in all of the follow-up
periods (p < 0.05). When preoperative cortisol levels were compared with intraoperative and postoperative cortisol levels, there
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was a significant difference in the follow-up periods, except two periods (p < 0.05). Body temperatures were similar in all
measurement periods.
Conclusions Endogenous melatonin secretion was significantly decreased in the intraoperative and postoperative periods.
Furthermore, there was a significant inverse correlation between changes in endogenous melatonin levels and morphine consumption.
Trial Registration Clinical Trial Number NCT03107702 from A service of the U.S. National Institutes of Health, clinicaltrials.
gov
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Introduction

Hormones, all significant physiological functions, and the
pharmacokinetics and pharmacodynamics of several drugs
are associated with circadian rhythms. Biological rhythm has
been shown to alter the effect and pharmacology of anesthetic
medicines, such as local anesthetics, hypnotics, and muscle
relaxants [1–3]. Major surgical operations are characterized
by the endocrine-metabolic and surgical stress response dur-
ing the postoperative period and lead to disturbance of the
circadian rhythm [4, 5]. Many patients complain of pain, fa-
tigue, drowsiness, reduced general well-being, and cognitive
dysfunction after a major surgery [4].

Melatonin is a hormone secreted from the pineal gland that
is responsible for regulating the endocrine rhythm and daily
biorhythm [6]. Melatonin has a variety of functions, including
regulation of circadian rhythm, antioxidant, oncostatic, anti-
inflammatory, anticonvulsant, and good anesthetic properties,
such as its anxiolytic, sedative and analgesic effects [3].
Disturbance of melatonin secretion induces several patholog-
ical states, including acute pain, idiopathic chronic pain syn-
drome, stroke, depressive disorder, and coronary artery dis-
ease [3, 4, 7, 8].

Obesity is a major public health issue that is related to
morbidity and mortality. It has been reported that obesity
and metabolic syndrome are associated with disorders of the
circadian rhythm [9]. Disturbances in circadian rhythms pro-
mote glucose intolerance, obesity, and type-2 diabetes.
Melatonin can be a beneficial add-on therapy for insulin re-
sistance, dyslipidemia, and overweight in obese individuals
[10]. However, preoperative, intraoperative, and postoperative
endogenous melatonin levels have not been well elucidated
in obese individuals undergoing laparoscopic bariatric
surgery.

Previous studies showed that preoperative exogenous ad-
ministration of melatonin provided an analgesic effect
[11–13]; however, to our knowledge, the relationship between
endogenous melatonin levels and postoperative analgesic re-
quirements has not been well described. The aim of this study
was to examine the relationship between the level of endoge-
nous melatonin and postoperative morphine consumption and
to describe the melatonin secretion profile in obese patients
undergoing laparoscopic bariatric surgery.

Methods

This prospective observational study was conducted after the
approval of the Local Ethics Committee of the Inonu
University Medical Faculty (Chairperson Prof R Karlıdag,
2015/212) on December 30, 2015, and registered with
ClinicalTrials.gov (NCT03107702). Informed consent was
obtained from all individual participants included in the
study. The study was conducted from March 29 to July 30,
2017, in the Inonu University Medical Faculty, Turgut Ozal
Medical Center.

The study was conducted with 30 patients who were sched-
uled for laparoscopic bariatric surgery, between the ages of 18
and 65, who were obese with a BMI above 40 kg/m2. Patients
were excluded based on the following criteria: cardiovascular,
neurological and psychiatric disorders, opioid tolerance, sleep
disturbance, the use of hypnotics, neuroleptics, antidepres-
sants, beta blockers and steroids, and a history of allergy to
the drugs used in the study protocol.

The patients who were not administered premedication
were accepted into the operating room and were informed
about the patient-controlled analgesia (PCA) device and the
visual analog scale (VAS) for pain. The electrocardiogram,
arterial oxygen saturation, noninvasive blood pressure, and
bispectral index (BIS) were monitored. All operations started
between 8:00 A.M. and 8:30 A.M.

Standard general anesthesia was administered to all pa-
tients. Prior to anesthesia induction, preoxygenation was per-
formed by providing 100%O2 for at least 3 min through a face
mask. Anesthesia was inducedwith 2–3mg kg−1 propofol and
1 μg kg−1 fentanyl, and 0.6 mg kg−1 rocuroniumwas given for
muscle relaxation. Following the general anesthesia, an arte-
rial catheter was inserted into the left radial artery. Blood sam-
ples in the intraoperative and postoperative periods were taken
from this catheter. The patient’s eyes were closed with a band
during the operative duration. The anesthetic was maintained
with 1 MAC sevoflurane, 40% O2/60% air, and the BIS value
was maintained between 40 and 60. Mechanical ventilation
was continued under the pressure-controlled mode to keep the
end-tidal CO2 concentration at 35–40 mmHg.

A private room was reserved for each patient during the
study period; however, the patients were observed in an iso-
lated room in the intensive care unit during the first 24 h, due
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to the routine procedures of our clinic. To provide a dark
environment, the lights were turned off and the door of the
room was closed between 11:00 P.M. and 6:00 A.M.
However, optimal dark conditions could not be achieved be-
cause of the patient viewing window and monitors in the
room. The lights were not turned on to take blood samples
during the night. The light reflecting from the window of the
room was sufficient to take blood samples and for the nurses
to record their follow-ups.

For the postoperative analgesic management, 1 g IV para-
cetamol (Perfalgan® 1 g/100 ml vial) was applied at the end of
the surgery for 30 min via slow infusion and every 6 h during
the postoperative 24-h period. Additionally, all patients re-
ceived morphine PCA (prepared with 10 ml of morphine sul-
fate (100 mg) + 90 ml of SF), 1 mg bolus and a 15-min lock-
out time. During the 2-, 6-, 10-, (2:00 A.M.) and 24-h postop-
erative visits, the VAS levels and morphine consumption were
recorded. Rescue analgesic with 0.5 mg kg−1 tramadol was
planned when the VAS values were ≥ 4.

The primary outcome was to examine the relationship be-
tween the level of endogenous melatonin and postoperative
morphine consumption. The secondary outcome was to ob-
serve the changes in the levels of endogenous melatonin, cor-
tisol, and body temperature during the preoperative, intraop-
erative, and the 24-h postoperative periods.

For the melatonin and cortisol analysis, blood samples were
taken before the anesthetic induction, at 2 h intraoperatively,
and at 2, 6, 10, (2:00 A.M.) and 24 h postoperatively. Blood
samples taken for melatonin were centrifuged, and the plasma
content was separated and collected for analysis at − 20 °C.

A melatonin standard was purchased from Sigma-Aldrich
(Steinheim, Germany). The stock solution of the melatonin
standard (1 mg/ml) was prepared in a mixture of methanol:
water (1:10, v/v). A calibration curve was generated from
working solutions of the melatonin standard (10 ml) that
ranged from 0.2 to 50 pg ml−1 and was stored at − 20 °C.
The working solutions were prepared by appropriate dilution
of the stock solution with deionized water produced by a
Milli-Q system (Millipore, Bedford, MA, USA) and metha-
nol. All other solvents and reagents were of analytical grade.
Extraction columns, Oasis® HLB cartridges (3 ml/60 mg),
were purchased from Waters (Milford, MA, USA).

For the solid-phase extraction (SPE) method, the plasma
sample was mixed with 0.5 ml of sodium phosphate buffer
(0.01 M, pH 7). The SPE Oasis HLB cartridge was condi-
tioned by successive washing with 1 ml of methanol and
1 ml of water. Samples were loaded and eluted with 1 ml of
90% ethanol/water. The flow rate was maintained at 1–
2 ml min−1. The eluate was collected in a 1.5-ml centrifuge
tube, and the extract was evaporated to dryness in a Turbovap
LV Evaporator (Zymark, Hopkinton, MA, USA) with a nitro-
gen stream at 35 °C. The residue was reconstituted with
100 μl of acetonitrile/water (50:50, v/v).

HPLC analysis was performed on a Shimadzu chromatogra-
phy system that consisted of a 20 ADXR HPLC pump and
scanning fluorescence detector. Separation was carried out with
a Kromasil-100-5 column 5 μm (4.6 mm × 150 mm) and
isocrotic elution at room temperature. The mobile phase
consisted of 10 mM sodium acetate and acetonitrile 72:28
(pH= 5). The flow rate was set at 1.0 ml min−1, and the injection
volume was 40 μl. Excitation and emission of the fluorescence
detector were set to 275 and 345 nm, respectively (Fig. 1).

Quality control (QC) samples were prepared by spiking the
plasma samples at three concentrations of the analyte. The
limit of quantitation was 0.2 pg ml−1.

Cortisol serum samples were analyzed using an automated,
non-isotopic immunoassay (Immulite 2000; Siemens
Healthcare Diagnostics Product Ltd., Glyn Rhonwy,
Lianberis, UK). Body temperatures were recorded at the same
observational periods as the blood samples. Pharyngeal tem-
perature measurements, using the heat probe in the anesthetics
equipment, were used to monitor intraoperative body temper-
ature. In all other observation periods, body temperature was
monitored using a contactless infrared thermocouple (DT-
8806, SIEMENS) on the forehead.

Pain severity was assessed using a VAS (scale of 1 to 10, 0:
no pain, 10: worst possible pain). Nausea and pruritus were
measured with a four-stage categorical scoring system (0:
none, 1: light, 2: medium, 3: severe). Metoclopramide
(10 mg) was used for treating nausea-vomiting.

Sleep was evaluated by using a 10-cm VAS scale (0: did
not sleep at all, 10: slept perfectly), which is a subjective
method, during the preoperative and postoperative periods.

Power analysis suggested at least 15 individuals with the
change in melatonin levels of 34.5% (pg/ml), type I error of
0.05 and type II error of 0.10 (power = 0.90).

IBMSPSS Statistics version 24.0was used for all statistical
analyses. Data were expressed as the mean ± standard devia-
tion based on the general variable distribution. Normality was
assessed by using the Shapiro-Wilk test. The preoperative and
postoperative data were compared by using the paired sample
t test with Bonferroni adjustment. Plasma melatonin levels
(pg ml−1) and postoperative morphine consumption (mg) of
the patients were analyzed by the Pearson correlation coeffi-
cient. p values < 0.05 were accepted as significant.

Results

Forty patients were enrolled in the study. However, 10 patients
were excluded from the study because of the following
issues: 6 patients did not meet the inclusion criteria, 2
patients experienced bleeding during surgery and different
surgical procedures, 1 patient experienced a malfunction
in the PCA device, and 1 patient wished to leave the study
(Fig. 2).
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Demographic data are described in Table 1.
The mean preoperative plasma melatonin level was 78.96

± 39.82 pgml−1. There was a significant decrease inmelatonin
levels when preoperative melatonin levels were compared
with intraoperative and all postoperative follow-up periods
(p < 0.05) (Table 2). When the correlation of plasma melato-
nin levels and postoperative morphine consumption of the
patients was inspected, there was a significant correlation in
all of the follow-up periods (p < 0.05). The descriptive results
of plasma melatonin levels and postoperative morphine con-
sumption of the patients were given in Table 3.

The cortisol secretion was in circadian rhythm during the
postoperative 24-h period. When preoperative cortisol levels
were compared with intraoperative and postoperative cortisol

levels, there was a significant difference in the follow-up pe-
riods, except for the 6- and 24-h postoperative periods (p <
0.05) (Fig. 3).

Body temperatures were normothermic and similar in all
measurement periods.

Postoperative pain assessed using a VAS score is presented
in Fig. 4. No patient needed rescue analgesia.

Severe nausea was observed in three patients in the 2- and
6-h postoperative periods.

A light pruritus was observed in one patient during
the 2-h postoperative period, in two patients at the 6-h
period, and in one patient at the 10-, 18-, and 24-h
periods. No patient required any intervention for
pruritus.

Fig. 1 Plasma melatonin chromatogram of an individual patient

Excluded  (n=  6)

Not meeting inclusion criteria (n=3 )

Declined to participate (n=1 )

Other reasons (n= 1)

Assessed for eligibility (n=40 )

Lost to follow-up (bleeding during surgery and 

used different surgical procedures) (n=2 )

Discontinued the trial (Malfunction in PCA 

device and refuse to continue to work) (n=2 )

Allocated to the trial (n=34 )

Received allocated the trial (n=34 )

Analysed  (n=30 )

Allocation

Analysis

Follow-Up

Enrollment
Fig. 2 Consort diagram for the
trial
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The preoperative and postoperative sleep VAS (median
(min-max)) were 7 (3–9) and 5 (1–7) respectively. There
was a significant difference between the preoperative sleep
VAS and the postoperative sleep VAS (p < 0.001).

Discussion

In this prospective observational study of obese patients un-
dergoing laparoscopic bariatric surgery, the secretion of mel-
atonin was found to show a diurnal rhythm, but compared
with the preoperative period, plasma melatonin levels tended
to decrease during the intraoperative and postoperative pe-
riods. A significant relationship was determined between the
melatonin levels and the consumption of morphine. Cortisol
was also secreted in a diurnal rhythm. Cortisol levels were
found to significantly increase up to the 6-h postoperative
period and to significantly decrease between the 6- and 24-h
postoperative periods. Body temperature changes were similar
during all follow-up periods.

Treatment with exogenous melatonin, with its sedative, an-
algesic, anti-inflammatory, and antioxidant effects including
circadian rhythm regulation, may become an attractive option
for patient premedication. Caumo et al. [11] observed clinically
significant anxiolytic and analgesic effects with 5 mg of exog-
enous oral melatonin, which was given before the night of the
operation and 1 h before the operation. In another study, Caumo

et al. [12] found that compared to the placebo group, anxiety
and postoperative pain levels were significantly reduced with
melatonin or clonidine treatment. Additionally, postoperative
morphine consumption was significantly lower in the treatment
groups. A previous study has also demonstrated that melatonin
premedication improved overall recovery, as well as improved
sleep and lower pain levels in patients undergoing bariatric
surgery. It was emphasized melatonin was safe and improved
quality of recovery in bariatric patients and can be an alternative
premedication agent [14]. We did not administer exogenous
melatonin to the patients in our study. However, we observed
that compared to preoperative levels, endogenous melatonin
levels decreased in the intraoperative and postoperative periods.
We found a negative correlation between the reduction in mel-
atonin levels and postoperative morphine consumption, which
can be explained as follows: melatonin had a dose-dependent
antinociception and may increase the β-endorphin induced by
opioid receptor agonists [15, 16]. Moreover, melatonin could
inhibit the release of pro-inflammatory cytokines [17].
Reduction in melatonin levels might diminish these beneficial
analgesic effects of melatonin; therefore, the postoperative mor-
phine consumption could increase in this situation.

Many mediators, including met-enkephalin, β-endorphin,
bradykinin, 5-hydroxytryptamine, glutamate, nitric oxide,
substance P, and cytokines, play a role in pain and fluctuate
over a 24-h period. Therefore, it is not surprising that a circa-
dian expression of pain was reported [18]. Aya et al. [19]
reported that labor pain perception showed a circadian change.
Graves et al. [20] reported that morbid obesity did not have a
significant effect on the morphine requirement. They found a
daily rhythm in morphine requirements; the most analgesic
used was at 9:00 A.M., and the lowest used was at 3:00
A.M. Postoperative opioid requirements had a circadian
rhythm. Auvil-Novak et al. [21] showed that the period with
the greatest morphine requirement was between 8:00 A.M.
and 12:00 P.M., while the minimum needed was between
12:00 A.M. and 4:00 A.M. We achieved similar results in
our study. The consumption of morphine was observed to be
the lowest at 2:00 A.M., and the morphine consumption in-
creased in the following hours.

Guo et al. [22] investigated melatonin and cortisol levels in
patients at the 1-, 2-, and 3-day perioperative and postopera-
tive follow-up periods in patients undergoing coronary artery
bypass grafting and found that compared to baseline values,
plasma melatonin concentrations in all patients decreased at
the perioperative period and immediately after the operation.
Furthermore, they showed that the circadian rhythm was
established at the 2- and 4-day postoperative periods. We also
observed in our study that melatonin secretion was in a circa-
dian rhythm during the 24-h period (preoperative, intraopera-
tive, and postoperative first day) and that the melatonin levels
decreased. However, the levels of cortisol in our study were
different from Guo et al., who did not observe a significant

Table 2 Preoperative, intraoperative, and postoperative melatonin
levels of the patients and comparison of preoperative values with all
other follow-up periods. Data are presented as mean (SD)

Melatonin (pg/ml) (n = 30) p value

Preoperative 78.96 ± 39.813

Intraoperative 50.75 ± 28.381 < 0.0001

Postoperative 2nd hour 33.93 ± 28.894 < 0.0001

Postoperative 6th hour 27.08 ± 26.694 < 0.0001

Postoperative 10th hour 28.33 ± 27.469 < 0.0001

Clock time 02:00 A.M. 39.09 ± 31.023 < 0.0001

Postoperative 24th hour 31.19 ± 22.050 < 0.0001

Table 1 Demographic data of the patients. Data are presented as mean
(SD) or number

(n = 30)

Age (year) 37.47 ± 9.43

Height (cm) 167.27 ± 16.04

Weight (kg) 126.73 ± 16.04

Body mass index (kg/m2) 45.53 ± 4.65

Operation time (min) 174.17 ± 50.23

Anesthetic time (min) 202.33 ± 50.15
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difference in the intraoperative plasma cortisol concentration.
Furthermore, compared with the basal values, the cortisol con-
centrations were significantly higher than the immediate post-
operative period, at 12:00 A.M., 3:00 A.M., and 6:00 A.M. In
our study, a probable reason for this difference may be the
metabolic and surgical stress response between the laparo-
scopic bariatric surgery and the cardiopulmonary bypass graft
operation-induced thoracotomy, the cardiopulmonary bypass
technique and hypothermia.

The results of our study were similar to Ram et al. [23],
who investigated the changes in melatonin and cortisol levels
in patients undergoing laparoscopic surgery. Plasma melato-
nin levels were found to decrease on the night of surgery, and
cortisol levels were found to increase. This difference can be
explained by the negative correlation between cortisol and
melatonin [24].

We believe that acute or chronic stress could not increase
melatonin secretion, as reported by Cronin et al. [25, 26]. It
was noted that the reduction in melatonin secretion more like-
ly disrupted circadian rhythm or directly decreased sleep. A
possible cause of the decrease in melatonin levels in our study
may have been the sleep disturbances indicated by Cronin et
al. Additionally, we could not achieve an optimal dark envi-
ronment in the intensive care unit in which we monitored our
patients, which could also have affected the result [27].

Gögenur et al. [5] found that body temperature was signif-
icantly altered in the perioperative period, and the mean tem-
perature significantly increased at night on postoperative days
1 and 2. In contrast, in our study, we found that the body

temperature did not change during any of the follow-up pe-
riods. This was most likely due to the method of monitoring
body temperature. Body temperature was postoperatively
monitored using a contactless infrared thermocouple in the
study.

Limitation of the Study

There were some limitations in the present study. First, base-
line values of melatonin and cortisol secretion values were not
measured 24 h prior to the surgery or at the 2- and 3-day
postoperative period. However, due to our clinic’s routine
procedures, the patients were admitted to the hospital the
morning of the operation and monitored in the intensive care
unit during the first 24 h. Second, the optimal darkness and
quiet environment could not be achieved in the intensive care
unit due to the structure of the isolated room. Third, the VAS
sleep assessment used in the present study is a subjective
report. For technical reasons, objective sleep measurement,
like an actigraphy, could not be used. Further, VAS sleep as-
sessment was used alone in many previous reported studies
[28, 29].

Conclusion

Compared to the preoperative levels in obese patients under-
going laparoscopic bariatric surgery, endogenous melatonin

Table 3 The descriptive results of
plasma melatonin levels and
postoperative morphine
consumption of the patients (n =
30). Data are presented as mean
(SD)

Melatonin (pg/ml) Morphine consumption (mg)

Postoperative 2nd hour 33.93 ± 28.894 4.03 ± 1.43

Postoperative 6th hour 27.08 ± 26.694 6.73 ± 2.74

Postoperative 10th hour 28.33 ± 27.469 5.33 ± 2.27

Clock time 02:00 A.M. 39.09 ± 31.023 4.27 ± 2.84

Postoperative 24th hour 31.19 ± 22.050 12.73 ± 6.99
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secretion was significantly decreased in the intraoperative and
postoperative periods. Furthermore, there was a significant
inverse correlation between changes in endogenous melatonin
levels and morphine consumption. Melatonin and cortisol se-
cretion showed a diurnal rhythm.
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