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Isoflurane increases, but sevoflurane decreases blood concentrations of

melatonin in women
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Abstract: The blood concentrations of melatonin are elevated
by stress-induced sympathetic nerve excitation and are af-
fected by some anesthetics. Isoflurane has an effect to increase
sympathetic nerve activity when compared with sevoflurane.
This study was performed to investigate the effects of these
two anesthetics on the blood concentrations of melatonin.
Female patients were anesthetized with either isoflurane or
sevoflurane. We obtained blood samples before and Smin
after 5% isoflurane (ISO group) or 7% sevoflurane (SEV
group) anesthesia. The blood melatonin concentrations dur-
ing anesthesia in the ISO group increased significantly, from
65 *£ 60 to 170 £ 90pg-ml~'; mean * SD (P < 0.05), whereas
those in the SEV group decreased, from 60 = 50 to 30 =
30pg-ml~ (P < 0.05). In conclusion, isoflurane increases, but
sevoflurane decreases blood melatonin concentrations.
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Introduction

Melatonin is produced and secreted by the pineal gland
[1,2] and its secretion regulates and modifies circadian
rhythms and sleep [3]. The circulating melatonin levels
are modulated by a variety of factors, such as stressors
causing sympathetic nerve excitation [4,5], some agents
such as diazepam [6,7], and inhalational anesthetics.
Isoflurane has a property to cause sympathetic nerve
excitation with high inhalational concentrations [8-10]
when compared with sevoflurane [11,12]. In fact, under
volatile induction and maintenance of anesthesia
(VIMA), hyperdynamic circulatory responses are
shown with isoflurane 5%, while VIMA on 7%
sevoflurane suppresses circulatory responses. Also, pa-
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tients anesthetized with isoflurane emerge from general
anesthesia more slowly than those anesthetized with
sevoflurane [13]. These facts indicate that isoflurane
may have a higher potential to increase circulating me-
latonin levels than sevoflurane. In this study, we there-
fore evaluated the effects of isoflurane and sevoflurane
on blood concentrations of melatonin. We chose main-
tenance concentrations of isoflurane and sevoflurane of
5% and 7%, respectively, based upon our daily clinical
practice.

Patients and methods

With the approval of the Ethics Committee for Medical
Research of Kochi Medical School, and after obtaining
informed consent from the patients, we recruited 18
American Anesthiology Association (ASA) physical
status I patients who were scheduled for elective gyne-
cological surgery. Patients with a medical history or
physical evidence of significant cardiovascular disor-
ders, alcohol or drug abuse, sleep disorders, or neuro-
psychiatric disorders were excluded from the study.

All patients received diazepam, 0.25mg-kg~! orally in
the ward, 1h before anesthesia. In the operating room,
at 8:30 a.m., an 18- or 20-gauge intravenous catheter was
placed in the basilic vein of one of the patient’s hands.
The first blood samples for control were collected
through this catheter. Then, 35ml-kg~!-h~! of acetated
Ringer’s solution was administered during the induction
of anesthesia. The inhalational anesthetics, in 41-min~!
oxygen, were delivered into a circuit system. Respira-
tory gases were sampled at a mask elbow connector. All
patients were monitored with noninvasive arterial pres-
sure, EKG, pulse oximetry, end-tidal anesthetic, and
CO2 concentration and FIO2.

Patients were randomized into two groups: an SEV
group (n = 9) and an ISO group (n = 9). In the SEV
group, anesthesia was induced by increasing the inhala-
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Table 1. Group comparability

ISO group SEV group
Age (years) 40 = 8 40 = 12
Height (cm) 156 = 6 155 =9
Weight (kg) 49 =6 52+8
End-tidal anesthetic 3.0x0.1 51 =02
concentration (%)
(multiples of MAC) (2.6 £0.1) 2.5 =0.1)

Values are means = SD. There were no statistically significant differ-
ences between the groups

MAC, minimal alveolar concentration; ISO, isoflurane; SEV,
sevoflurane

tional concentration of sevoflurane in 100% oxygen by
0.5% every three breaths, up to 7%, and the concentra-
tion was maintained at 7% for 5min before obtaining
the second blood samples from the basilic vein of the
other hand. In the ISO group, induction of anesthesia
was made in an incremental way, similar to that in the
SEV group, using isoflurane up to 5%. Then, anesthesia
was maintained with 5% isoflurane for Smin before
taking the second blood samples. Ventilation was
manually assisted to maintain end-tidal CO2 between
30 and 35mmHg. Heart rate (HR) and systolic arterial
pressure (SAP) were recorded at the time of blood
sampling.

The sampled blood for the melatonin measurement
was immediately centrifuged. The serum was stored at
—80°C and was analyzed within 3 days. Melatonin con-
centration was measured by high-performance liquid
chromatography with electrochemical detection (HPLC
apparatus; IRICA, Kyoto, Japan) [14]. The analytical
detection limit was 15pg/ml. The intra- and interassay
coefficients of variance were less than 5%.

Data values are presented as means = SD. Demo-
graphic data were analyzed with the Mann-Whitney U-
test. Statistical analyses of the melatonin concentrations
were performed using the Wilcoxon signed-ranks test to
compare differences within each group and the Mann-
Whitney U-test to compare differences between the
groups. A P value of less than 0.05 was considered
statistically significant.

Results

The two groups were comparable with respect to age,
body weight, and height (Table 1). The two groups had
similar preanesthetic values for serum melatonin con-
centration (Fig. 1), SAP (Fig. 2), and HR (Fig. 3). The
circulating melatonin levels during anesthesia signifi-
cantly increased from 65 + 60 to 170 = 90 pg-ml~"in the
ISO group (P < 0.05), whereas these levels decreased,
from 60 = 50 to 30 = 30pg-ml~"in the SEV group (P <

300

*t

100

Serum melatonin levels
pg/ml

Before anesthesia During anesthesia
Fig. 1. Serum concentrations of melatonin before and during
anesthesia in the isoflurane group I (ISO; closed circles), and
the sevoflurane group (SEV; open circles). *P < 0.05 versus
before anesthesia; "P < 0.05 versus SEV group. Values for
results are presented as means * SD
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Fig. 2. Systolic arterial pressure before and during anesthesia
in the ISO group (closed circles), and SEV group (open cir-
cles).*P < 0.01 versus before anesthesia; 'P < 0.05 versus SEV
group. Values for results are presented as means = SD
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Fig. 3. Heart rate before and during anesthesia in the ISO
group (closed circles), and SEV group (open circles). *P <
0.05 versus before anesthesia; /P < 0.05 versus SEV group.
Values for results are presented as means + SD
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0.05). Isoflurane had a tendency to increase SAP, from
118 = 16 to 130 = 14mmHg, but the difference from
baseline was not significant. In contrast, sevoflurane
significantly reduced SAP, from 120 = 18 to 83 =
8mmHg (P < 0.01). Isoflurane significantly increased
HR, from 68 = 16 to 102 = 20 beat-min~' (P < 0.05),
but sevoflurane did not change HR. The end-tidal con-
centrations of these anesthetics during the anesthesia
were equipotent (Table 1), if minimum alveolar concen-
tration values for isoflurane and sevoflurane were as-
sumed to be 1.15% and 2.05%, respectively [13].

Discussion

Our study showed that isoflurane increased, but
sevoflurane decreased the blood levels of melatonin, in
parallel with hemodynamic changes.

Melatonin is the specific product of the pineal gland
[1,2]. Animal studies show that sympathetic nerve fibers
from the superior cervical ganglia stimulate beta-
adrenergic receptors on the pinealocytes within the
pineal gland, thereby increasing the synthesis and
secretion of melatonin [1,2]. Also, stress-induced sym-
pathetic nerve excitation increases melatonin concen-
trations in the blood in humans [4,5].

In this study, isoflurane increased the hemodynamic
state, in contrast to sevoflurane, which reduced it. Tak-
ing our results and those of some other studies into
consideration [8,11,15], we believe that isoflurane may
have induced sympathetic nerve excitation (in contrast
to sevoflurane), and thereby isoflurane increased the
circulating melatonin concentrations, when compared
with sevoflurane.

However, there could be another mechanism
whereby these anesthetics change circulating melatonin
levels. In fact, y-aminobutyric acid (GABA)ergic trans-
mission influences melatonin synthesis [7]. Therefore,
these anesthetics may have changed GABAergic trans-
mission differentially. Moreover, melatonin is metabo-
lized in the liver [15], and these two anesthetics led to
different hemodynamic states. Thus, the effects of these
anesthetics on hepatic blood flow may have altered
melatonin clearance.

We took the blood samples under mask inhalation
before intubation and operation, because the activity of
the sympathetic nervous system and the secretion of
melatonin could be easily affected by stress, and we
wanted to see the plain effects of these anesthetics on
sympathetic activity and the blood concentrations of
melatonin. We maintain inhalational sevoflurane on 7%
at induction of anesthesia in our daily clinical practice,
and according to a study [8], inhalation of 5% isoflurane
activates the sympathetic nerves within 5min. Further-
more, an inhalational concentration of 5% isoflurane

could be equipotential to that of 7% sevoflurane if it is
assumed that minimum alveolar concentration values
for isoflurane and sevoflurane are 1.15% and 2.05%,
respectively. Therefore, we maintained the inhalational
concentrations of the two anesthetics as shown above.

A major limitation of the present study was our lim-
ited investigation, in women only. Although gonadotro-
pins and gonadal steroids affect melatonin secretion
from the pineal gland [16], the influence of sex steroids
on melatonin secretion seems to be minimal [17]. We
therefore believe that the present results in women
would be comparable with those in men. However, we
need further studies.

The profile of inhalational anesthetics in altering cir-
culating melatonin concentrations may be one of the
factors that influence emergence from general anesthe-
sia. In fact, recovery has a tendency to be faster in
patients anesthetized with propofol, which leads to
lower melatonin levels, when compared with patients
recovering from isoflurane anesthesia, which leads to
higher melatonin levels [15]. In the present study, we
did not investigate the relationship between melatonin
levels and emergence from general anesthesia. There-
fore, further detailed studies are needed.

In conclusion, isoflurane increases the circulating
blood concentration of melatonin, whereas sevoflurane
reduces it.

References

1. Reiter RJ (1991) Pineal melatonin: cell biology of its synthesis and
of its physiological interactions. Endocr Rev 12:151-180

2. Erlich SS, Apuzzo ML (1985) The pineal gland: anatomy, physiol-
ogy, and clinical significance. J Neurosurg 63:321-341

3. ArendtJ (2000) Melatonin, circadian rhythms, and sleep. N Engl
J Med 343:1114-1116

4. Skrinar GS, Bullen BA, Reppert SM, Peachey SE, Turnbull BA,
McArthur JW (1989) Melatonin response to exercise training in
women. J Pineal Res 7:185-194

5. Monteleone P, Maj M, Franza F, Fusco R, Kemali D (1993) The
human pineal gland responds to stress-induced sympathetic acti-
vation in the second half of the dark phase: preliminary evidence.
J Neural Transm Gen Sect 92:25-32

6. Meissl H, Yanez J (1996) Diazepam increases melatonin secre-
tion of photosensitive pineal organs of trout in the photopic
and mesopic range of illumination. Neurosci Lett 207:37-
40

7. Mclntyre IM, Norman TR, Burrows GD, Armstrong SM (1993)
Alterations to plasma melatonin and cortisol after evening
alprazolam administration in humans. Chronobiol Int 10:205-
213

8. Ebert TJ, Muzi M (1994) Sympathetic activation with desflurane
in humans. Adv Pharmacol 31:369-378

9. Eger EI2nd (1984) The pharmacology of isoflurane. Br J Anaesth
56(Suppl 1):71s-99s

10. Okamoto H, Hoka S, Kawasaki T, Okuyama T, Takahashi S

(1996) Dose-dependent increases in the renal sympathetic nerve
activity during rapid increase in isoflurane concentration in intact,
lower airway-deafferented, and baroreceptor-deafferented rab-
bits. Anesthesiology 84:1196-1204



Y.-C.P. Arai et al.: Volatile anesthetics and melatonin concentrations

11.

12.

13.

14.

Ebert TJ, Muzi M, Lopatka CW (1995) Neurocirculatory re-
sponses to sevoflurane in humans. A comparison to desflurane.
Anesthesiology 83:88-95

Ma D, Wang C, Pac Soo CK, Chakrabarti MK, Lockwood GG,
Whitwam JG (1998) The effect of sevoflurane on spontaneous
sympathetic activity, A delta and C somatosympathetic reflexes,
and associated hemodynamic changes in dogs. Anesth Analg
86:1079-1083

Frink EJ Jr, Malan TP, Atlas M, Dominguez LM, DiNardo JA,
Brown BR Jr (1992) Clinical comparison of sevoflurane and
isoflurane in healthy patients. Anesth Analg 74:241-245

Sagara Y, Okatani Y, Ymanaka S, Kiriyama T (1988) Determina-
tion of plasma 5-hydroxytryptophan, 5-hydroxytryptamine, 5-
hydroxyindoleacetic acid, tryptophan and melatonin by

15.

16.

17.

231

high-performance liquid chromatography with electrochemical
detection. J Chromatogr 431:170-176

Reber A, Huber PR, Ummenhofer W, Gurtler CM, Zurschmiede
C, Drewe J, Schneider M (1998) General anaesthesia for surgery
can influence ciculating melatonin during daylight hours. Acta
Anaesthesiol Scand 42:1050-1056

Fourtillan JB, Brisson AM, Fourtillan M, Ingrand I, Decourt JP,
Girault J (2001) Melatonin secretion occurs at a constant rate in
both young and older men and women. Am J Physiol Endocrinol
Metab 280:E11-20

Zimmermann RC, Krahn L, Klee G, Lu PY, Ory SJ, Lin SC
(1996) The impact of gender on alpha-methyl-paratyrosine medi-
ated changes in prolactin secretion and 6-hydroxymelatonin sul-
fate excretion. Psychoneuroendocrinology 21:469-478



