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GENERAL ANESTHESIA

Increased noradrenaline
release from rat preoptic
area during and after
sevoflurane and isoflu-
rane anesthesia
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Purpose: To study the effects of sevoflurane and isoflurane on
noradrenaline release from the rat preoptic area (POA).

Method: Sixteen male Wistar rats were studied. A microdialysis
probe with a 2 mm long semipermeable membrane was implant-
ed inthe POA. Dialysates were collected at intervals of ten minutes.
After obtaining five control samples for 50 min, 30 min inhalation of
3% sevoflurane or |.8% isoflurane was performed. After cessation
of the inhalation, five more samples were obtained for 50 min as
recovery phase. Noradrenaline (NA) concentration in the dialysates
was measured by high pressure liquid chromatography with an
electrochemical detector.

Results: Both sevoflurane and isoflurane caused marked increases
in NA release from the rat POA (sevoflurane 233% at 20 min,
isoflurane 357% at ten minutes after the start of inhalation). The
marked NA releases were also observed during the emergence
from sevoflurane and isoflurane anesthesia (sevoflurane 269% at 20
min, isoflurane 368% at ten minutes in the recovery phase).
Conclusion: This study suggests that enhanced release of NA in
the POA during sevoflurane and isoflurane may explain the excita-
tory phase observed during the peri-anesthetic period with these
agents.

Objectif : Etudier fes effets du sévoflurane et de lisoflurane sur la
libération de noradréndline en provenance de I'aire préoptique du rat
(APO).

Méthode : 'étude a porté sur 16 rats males Wistar. Une sonde pour
microdialyse munie d’une membrane semiperméable de 2 mm de
longueur a été implantée dans '’APO. Les didlysats ont été recueillis a
intervalles de dix minutes. Aprés avoir obtenu cing échantillons
témoins de 50 min, on a administré du sévoflurane a 3 % ou de
Fisoflurane a 1,8 % pendant 30 min. Une fois I'inhalation stoppée, on
a recueilli cing autres échantillons pendant 50 min considérées
comme une récupération. La concentration de noradrénaline (NA) des

dialysats a été mesurée par chromatographie liquide haute perfor-
mance avec un détecteur électrochimique.

Résultats : Le sévoflurane et lisoflurane ont fait beaucoup aug-
menter la libération de NA de 'APO de rat (le sévofiurane, de 233 %
a 20 min, lisoflurane, de 357 % a dix minutes aprés le début de ['in-
halation). La libération marquée de NA a été aussi observée pendant
le réveil (269 % & 20 min avec le sévoflurane et 368 % a dix minutes
avec ['isoflurane).

Conclusion : Cette étude indique qu’en présence de sévofiurane et
disoflurane, la libération accrue de NA dans 'APO peut expliquer la
phase excitatrice périanesthésique.

ORADRENERGICneurons in the central

nervous system are involved in the regula-

tion of various physiological events includ-

ing sleep-awake cycle, stress responses,
emotion, attention and learning. Much evidence has
indicated an association of brain noradrenergic activity
with effects of general anesthetics. Ablation of nora-
drenergic neurons in the brain stem reduces minimum
alveolar concentrations of halothane and cyclopropane!
and our previous studies showed that NA release in the
posterior hypothalamus of rats increased during emer-
gence from inhaled anesthesia.?™*

The preoptic area (POA) of the anterior hypothal-
amus is also deeply involved in the regulation of sleep,
body temperature and stress responses.> ! This region
has been suggested as an important site of hypnotic
action of general anesthesia, because lesioning and
microinjection of clonidine into the POA induce
insomnia and arousal,!?7'* while microinjection of a
benzodiazepine receptor agonist or pentobarbitone
into the POA also induces a hypnotic state in rats. %19
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Thus it seems relevant to investigate the changes in
noradrenergic activity in the POA during and after
inhaled anesthesia. However, there is no study con-
cerning the effects of inhaled anesthetics on noradren-
aline (NA) release in the POA. We herein report the
pattern of NA release in the rat POA during induction
and emergence from sevoflurane and isoflurane anes-
thesia, as these agents have been most widely
employed in the clinical situation, using a microdialy-
sis technique.

Method and subjects

The study was approved by the animal experiment
committee of our institution. Sixteen male Wistar rats
(Japan Clea, Kyoto, Japan) weighing 280-320 g were
used for the study. They were housed for at least a
week before the experiment. They were kept in a 12
hr light-dark cycle environment (lights on 8:00 a.m.
to 8:00 p.m.) at a temperature of 22-24°C and with a
humidity level of 40%. They could access food and
water freely. All experiments were conducted from
10:00 a.m. to 3:00 p.m because of the circadian
rhythm of NA.

Rats were mounted on a stereotaxic frame under
pentobarbitone anesthesia (50 mg-kg™1ip). A stainless
guide cannula was stereotaxically implanted unilateral-
ly into the POA with the following coordinates (A: -
0.92, L:2.5 at an angle of 11, V: 7.0 mm) in relation
to the bregma, according to the atlas by Paxinos and
Watson.!”The cannula was fixed to the skull with den-
tal resin and stainless steel screws. After each experi-
ment, location of the probe was verified by histologic
examination.

Forty-eight hours were allowed for rats to recover
from the influence of the guide cannula implantation
and a probe (A-I-12-2, Eicom, Kyoto, Japan) with a
2-mm long semipermeable membrane tip was inserted
through the guide cannula. The dialysis probe was
perfused at a rate of 2 pL-min! with an artificial cere-
brospinal fluid solution (NaCl 128 mM; KC1 2.6 mM;
CaCl, 1.3 mM; MgCL, 0.9 mM; NaHCO,; 20 mM;
Na,HPO, 1.3 mM) containing 1 mM pargyline. The
latter was included to prevent degradation of NA.
Dialysates were collected every ten minutes during the
experiment.

Each rat was introduced into a plastic housing 40
c¢m in diameter. After obtaining five control samples
during 50 min, 3% sevoflurane or 1.8% isoflurane in
air was administered in the housing at a flow rate of 4
L-min ! for 30 min. Three percent sevoflurane and
1.8% isoflurane correspond with approximate 1.3 min-
imum alveolar concentration, respectively.'®!* During
this period a heating pad was applied to prevent
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hypothermia. After the end of the inhalation period,
five more samples were taken for 50 min of the recov-
ery period. Calibrated Forawick vaporizers (Muraco
medical Co., Tokyo, Japan) were used to vaporize
sevoflurane and isoflurane, and a Capnomac™ (Datex,
IMI, Koshigaya Japan) was used to monitor concen-
trations of inhalational anesthetics, oxygen and carbon
dioxide in the housing throughout the experimental
procedure.

NA was measured by a high-performance liquid
chromatograph equipped with an electrochemical
detector. The samples (18 L) were injected manual-
ly into ODS-C18 reverse-phase column (2.1 x 150
mm CA-50DS: Eicom, Kyoto, Japan) maintained at
25C. The mobile phase was made from 0.1 M phos-
phate buffer (pH 6) containing EDTA 200 mg- L%, 1-
octanesulfonate 400 mg-L ™! and 5% methanol. The
flow rate of the buffer was 220 uL-min and the oxi-
dation potential of the graphite electrode was set at
+400 mV against an Ag/AgCl reference electrode
(ECD-300, Eicom, Kyoto, Japan). The detection limit
of the assay was 300 fg-18 uL" ! The detector response
was linear beyond the range of our measurements.

All values obtained were expressed as mean + SD.
Repeated measured ANOVA and Scheffe F test were
used for analysis of NA values. A value of P<0.05 was
considered significant.

Results

The NA concentrations during the control period
were similar in both groups. In the sevoflurane group,
NA concentrations increased during anesthesia, as
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FIGURE Noradrenaline (NA) release during anesthesia with
sevoflurane and isoflurane. Each value indicates the mean + SD for
eight rats. * indicates statistical difference from basaline values.
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shown in the Figure. The value at 20 min after the
start of inhalation was significantly increased (P
<0.01) compared to baseline. NA concentrations
started to decrease 30 min after the beginning of the
anesthetic. NA concentrations were again increased at
ten and 20 min in the emergence period (P <0.01 for
ten and 20 min values). Thereafter they were followed
by a gradual decrease, even though they remained
high at 30 and 40 min (P <0.05).

In the isoflurane group, NA concentrations
increased immediately after inhalation of isoflurane.
The value at ten minutes after the start of inhalation
was significantly increased (P <0.05). NA concentra-
tions started to decrease 20 min after the beginning of
inhalation. NA concentrations increased again ten
minutes (P <0.05) during the emergence period.

Discussion

The main finding of the present study is that both
isoflurane and sevoflurane significantly increased NA
release from the POA during induction and emer-
gence from anesthesia. Our previous studies demon-
strated that NA release in the posterior hypothalamus
increased during the emergence from halothane,
isoflurane and sevoflurane anesthesia.>* In contrast,
such an increase in NA is not observed during the
recovery from #v anesthetics as demonstrated by
Mizuno er al. who reported that NA release in the
POA decreased by 40-50% of basal release after 35
mg-kg? pentobarbitone ip.2% A slight decrease in NA
release in the medial prefrontal cortex was reported
during propofol and midazolam anesthesia by Kubota
et al.; however, the reduction did not return to the
preanesthetic level even in the recovery phase of anes-
thesia.2 ! Ketamine has unique effects on NA release in
the brain. We have already reported that ketamine
appreciably increased NA release from the medial pre-
frontal cortex during the anesthetic and recovery
phases in rats.22 The NA release following emergence
from ketamine anesthesia was much higher than that
observed during anesthesia itself. The peak effect was
observed 40-50 min after the recovery from anesthe-
sia, and this phase coincided with the excitatory phase
elicited by ketamine. Consequently, the increase in
NA release may contribute to the appearance of exci-
tation after ketamine anesthesia.

NA release in the POA is enhanced during excita-
tion induced by various stresses such as heat stress.®
Clinically, inhalational anesthetics often induce excita-
tion during induction and emergence from anesthesia.
However, iv anesthetics such as propofol and midazo-
lam, which do not enhance NA release in the brain, are
reported to cause no excitement. As a high incidence
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of agitation is observed during sevoflurane induction in
children,?3 the marked increase in NA release in this
study could provide a possible explanation for the exci-
tation induced by inhalational anesthesia, inasmuch as
our results may be extrapolated to humans.

The noradrenergic neurons in the POA are
involved in the regulation of the autonomic nervous
system and it is possible that an increased NA release
in the POA is also associated with activation of sym-
pathetic activity. In support of this hypothesis, Poole
reported that the microinjection of NA into POA in
rats increases arterial pressure.?*

The POA receives major noradrenergic innervation
from the locus coeruleus (LC) and the other cell groups
in the medula oblongata and pons. Noradrenergic neu-
rons in the LC are strongly activated during recovery
from halothane anesthesia.? > This response is due to an
increase in excitatory amino acid input into the LC.
Further, a similar response occurs during the excitatory
phase following opioid withdrawal?® Consequently, we
could postulate that sevoflurane and isoflurane stimu-
late noradrenergic neurons in the LC leading to activa-
tion of noradrenergic neurons in the POA to induce the
excitation observed with these agents.

Another possibility for volatile anesthetics to cause
enhanced NA release is due to direct effect on the
neuronal terminal. A neural cell culture study demon-
strated that clinical concentrations of volatile anes-
thetics including halothane, enflurane, isoflurane and
methoxyflurane stimulate phorbol ester evoked NA
release by an increase in cytoplasmic Ca** concentra-
tions.2” This study suggests that volatile anesthetics
can directly affect the neuronal cell to induce neuro-
transmitter release. It is possible that our findings
reflect not only indirect effect on POA function via
LC but also a direct pharmacological action of inhaled
anesthetics on the POA neurons. However, we need a
more detailed study to clarify this point.

In conclusion, sevoflurane and isoflurane induce
enhanced NA release from the POA during induction
and recovery from anesthesia in rats. This NA release
may help explain the excitatory phase observed during
the peri-anesthetic period with these agents.
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