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The effects of various inspiratory concentrations of sevoflurane anesthetics on
the sympathetic reflex responses evoked in the left inferior cardiac nerve branch
following an electrical stimulation to the ipsilateral superficial peroneal nerve
were investigated in cats. At a 2.0% inspiratory concentration of sevoflurane,
two components of the somato-sympathetic reflexes with two different latencies
were recorded. The early component was due to an activation of myelinated
A afferent fibers (referred to as the A-reflex), while the late component was
due to an activation of unmyelinated C afferent fibers (referred to as the C­
reflex). The increase in the concentration of sevoflurane from 2.0 to 3.0% resulted
in about 50% attenuation of both the A- and C-reflexes. A further increase in
the concentration of sevoflurane to 4.0% resulted in further suppression of both
reflexes. (Key words: sevoflurane, sympathetic nerve, cat)

(Yanase K, Meguro K, Sato A et al.: The effect of sevoflurane on somatically
induced sympathetic reflexes. J Anesth 2: 272-275, 1988)

Sevoflurane is a recently developed inhala­
tional anesthetic which provides rapid induc­
tion and recovery processes", It has been
reported that sevoflurane causes dose-related
depression in cardiac output, stroke volume
and mean arterial pressure", but it does
not markedly influence heart rate2,3 . Based
on the properties of sevoflurane described
above and on other evaluations of this agent
from pharmacologic", toxicologic1,3 and clin­
ical aspectsb", sevoflurane is proposed as a
new anesthetic agent of reasonably accept­
able qualityl - 4 .

Since it was found that electrical stimu­
lations of both myelinated (A) and unmyeli­
nated (C) afferent fibers of hindlimb nerves
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elicited two distinct sympathetic reflexes, the
A-reflex having a shorter latency and the C­
reflex having a longer latency in anesthetized
cats5,6 , it has been proposed that these
somatically induced reflexes can be employed
as appropriate indicators for analyzing the
efficacy of various analgesics7-9.

The present study was designed to ex­
amine how various inspiratory concentrations
of sevoflurane influence the two sympathetic
reflexes.

The experiments were performed on 6
cats, anesthetized with inspiratory concen­
trations of sevoflurane (Maruishi Pharmaceu­
tical Co.) between 2.0 and 4.0% (in air),
after an initial induction with ketamine hy­
drochloride (100 mg/cat, i.m.). Sevoflurane
MAC has been reported to be between 2.0
and 3.0% of the inspiratory concentration!".
Animals were ventilated by an artificial res­
pirator via a tracheal cannula following an
intravenous injection of gallamine triethio­
dide. The end-tidal C02 level was main­
tained at approximately 3.5%. Other general
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Fig. 1. A-C demonstrate sample recordings of the averaged sympathetic A- and C-reflexes
evoked in the left inferior cardiac sympathetic nerve to hindlimb nerve stimulation at supramax­
imal intensity (0.5 ms duration for each pulse) in 2.0% (A), 3.0% (B) and 4.0% (C) inspiratory
concentrations of sevoflurane anesthesia. D-F summarize the data (mean ± S.E.) for A-(open bar)
and C-(hatched bar) reflexes in all 6 animals tested at 3.0% (E) and 4.0% (F) comparing the sizes
of the A- and C-reflexes at 2.0% expressed as 100%. The columns and vertical lines in E and F,
represent the mean ± S.E. Asterisks represent significant differences at the P<O.OS (*) and P<O.Ol
(**) level tested by Student's t-test.

experimental procedures were performed as
previously describedll . The animals under­
went a bilateral vagotomy at the cervical
level.

The left superficial peroneal nerve (SP),
a hindlimb cutaneous nerve, was surgically
isolated from the surrounding tissues and cut
at the distal part of the hind leg. Then,
the distal segment of the central part of
the severed nerve was stimulated electrically
to excite afferent fibers. Electrical train pulse
stimulations (3 pulses of 0.5 IDS duration at
25 Hz) were delivered to the SP, every 3s
by an electrical stimulator (Nihon Kohden
SEN 7103). Action potentials were recorded
from a more proximal (about 3 em from the
stimulating electrode) portion of the SP to

categolize the nerve fibers activated by the
stimulation.

After removal of the first two left ribs, the
left inferior cardiac sympathetic nerve (lCN)
was dissected and cut as close to the heart
as possible. The reflex nerve activity evoked
in the lCN by SP stimulation was recorded
from the central segment of the lCN severed,
and was amplified by a preamplifier (with
a time constant of 0.3s) and averaged 8­
16 times for each analysis by an averaging
instrument (Nihon Kohden ATAC 450). The
averaged response were displayed on an X-Y
plotter.

When the inspiratory concentration of
sevoflurane was kept at 2.0%, stimulation
of SP afferents by electrical train pulses (3
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pulses at a frequency of 25 Hz) at an in­
tensity of 20V, which was sufficient to excite
both A and C afferent fibers, evoked two
different reflex responses, i.e., early and late
reflex responses. The early reflex response
has been designated as the sympathetic A­
reflex, because it was elicited by stimula­
tion of A afferent fibers alone". The late
reflex response has been designated as the
sympathetic C-reHex, because it was only
elicited by additional stimulation of C affer­
ent fibers".

The A- and C-reHex responses at 2.0%
sevoHurane anesthesia are demonstrated in
Fig. 1A. Similar results were observed in 5
other cats tested. Both latencies of these
A- and C-reHexes, when evoked by stimula­
tion at supramaximal intensity, in all 6 cats
tested under the inspiratory concentration
of sevoHurane at 2.0%, ranged between 50­
100 ms and 280-370 ms, respectively. Both
durations of the A- and C-reHexes ranged
between 140-270 ms and 240-420 ms, respec­
tively.

Figure 1 summarizes the effects of dif­
ferent concentrations of sevoHurane (2.0, 3.0
and 4.0%) on the sizes of A- and C-reHexes
in the 6 animals. Example records of both re­
Hexes in Figs. lA, B and C were depicted for
2.0%, 3.0% and 4.0% of sevoHurane concen­
trations respectively, and Figs. 1D-F sum­
marize the results. Sizes of A- and C-reHexes
at 3.0 and 4.0% of sevoflurane were ex­
pressed in percentages of those at 2.0%.
Both reflexes were depressed significantly
with increases in sevoHurane concentration.
At 3.0%, the A- and C-reHexes decreased to
53 ± 11% and 51 ± 12% of those at 2.0%,
respectively. At 4.0%, both of them further
decreased to 22 ± 9% and 14 ± 7% of those
at 2.0%.

The sympathetic A- and C-reHexes evoked
in inferior cardiac nerve by stimulation of the
myelinated and unmyelinated afferent fibers
of hindlimb nerves in sevoHurane anesthe­
sia resembled the A- and C-sympathetic
reflexes evoked in articular sympathetic
nerve branches under halothane (1.0-1.5%)
anesthesia'F, and in renal13 or cardiac
sympathetic nerve" branches under ure-

thane-chloralose (100 mg/kg and 50 mg/kg)
anesthesia, following similar stimulation of
the hindlimb afferent nerves. Concerning the
latencies of these reflexes, there was no
noticeable difference between the urethane­
chloralose or halothane anesthetized cats7

and the sevoHurane anesthetized cats. How­
ever, the durations of these reflexes seemed
slightly longer in 2.0% sevoHurane anes­
thetized cats than in urethane-chloralose
or halothane anesthetized cats, suggesting
a more dominant excitability of sympathetic
activity at 2.0% sevoHurane anesthesia than
halothane or urethane-chloralose anesthesia.

The present results revealed that the A­
and C-sympathetic reflexes were depressed
dose-dependently with sevoHurane concentra­
tions of 2.0 and 4.0%. These results suggest
that cardiac functions innervated by sym­
pathetic nerves can respond well to various
somatic afferent stimuli, including innocuous
and noxious mechanical stimuli to the skin,
at 2.0% of sevoHurane anesthesia, while at
4.0% of sevoHurane anesthesia these func­
tions cannot respond to the same stimula­
tion.

It is noteworthy that both A- and C­
reflexes were depressed in parallel with an
increase in the concentration of sevoHu­

rane. Some analgesic agents, for example
morphine" or Fentanyl9 depress the C­
reflex more than the A-reHex. It seems
that sevoHurane has not such specific ef­
fect on C-reHex, but general supressive ef­
fect on both of A- and C-reHexes. As
the A- and C-sympathetic reflexes elicited
by hindlimb afferent nerves have been re­
ported to have central reflex arcs through
the medulla oblongata", it is likely that their
depression by sevoHurane at high concentra­
tions occurs at the medullary level. However,
the action of sevoHurane at the spinal level
cannot be neglected, because morphine can
act at the spinal level to depress both the
A- and C-sympathetic reflexes in spinalized
animals14. Further study to examine the
effects of different concentrations of sevoHu­

rane on A- and C-sympathetic reflexes in
spinalized animals is necessary to verify the
exact locations of its central action on the
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sympathetic nerve activity.
This work was supported by research grants

from Japan Research Foundation for Clinical
Pharmacology.

The authors are thankful to Ms. A. Suzuki
for her technical assistance, Ms. T. Noguchi for
typing the manuscript.

(Received Feb. 24, 1988, accepted for publi­
cation Jun. 11, 1988)

References

1. Wallin RF, Regan BM, Napoli MD, Stern
IJ: Sevoflurane: a new inhalational anes­
thetic agent. Anesth Analg 54:758-766,
1975

2..Manohar M, Parks M: Porcine systemic
and regional organ blood flow during 1.0
and 1.5 minimum alveolar concentrations
of sevoflurane anesthesia without and with
50% nitrous oxide. J Pharmacol Exp Ther
231:640-648, 1984

3. Holaday DA, Smith FR: Clinical character­
istics. and biotransformation of sevoflurane
in healthy human volunteers. Anesthesiol­
ogy 54:100-106, 1985

4. Inada Y, Ikeda K, Mori K, Morio M,
Oyama T, Iwatsuki N, Suzuki H, Nagano
M, Tanaka R, Fujita M, Miyake T, Shi­
moji K and Sato A: Clinical evaluation
of sevoflurane vs enflurane: A multi-center
well-controlled study. J ap J Anesthesiol
36:875-889, 1987

5.. Sato A, Schmidt RF: Somatosympathetic
reflexes: afferent fibers, central path­
ways, discharge characteristics. Physiol Rev
53:916-947, 1973

6. Sato A, Schmidt RF: The modulation of
visceral functions by somatic afferent activ-

ity. Jap J Physiol 37:1-17, 1987
7. Ito K, Nakamura H, Sato A, Sato, Y:

Depressive effect of morphine on the sym­
pathetic reflex elcited by stimulation of un­
myelinated hindlimb afferent nerve fibers in
anesthetized cats. Neurosci Lett 39:169-173,
1983

8. Hare BD, Franz DN: Common effects of
opiates and clonidine mediated by differ­
ent receptors in spinal sympathetic centers,
Advances in Pain Research and Therapy.
Edited by Bonica JJ et al. New York,
Ravan Press, 1983, pp.283-288

9. Niv D, Whitwam JG: Selective effect of
fentanyl on group III and IV somatosympa­
thetic reflexes. Neuropharmacology 22:703­
709,1983

10. Katoh T, Ikeda. K: The minimum alveo­
lar concentration (MAC) of sevoflurane in
humans. Anesthesiology 66:301-303, 1987

11. Kaufman A, Sato A, Sato Y, Sugimoto H:
Reflex changes in heart rate after mechan­
ical and thermal stimulation of the skin
at various segmental levels in cats. Neuro­
science 2:103-109, 1977

12. Sato Y, Schaible H-G: Discharge character­
istics of sympathetic efferents to the knee
joint of the cat. J Auton Nerv Syst 19:95­
103,1987

13. Calaresu FR, Kim P, Nakamura H, Sato
A: Electrophysiological characteristics of
renorenal reflexes in the cat. J Physiol
(Lond) 283:141-154, 1978

14. Sato A, Sato Y, Swenson RS: Effects of
morphine on somatocardiac sympathetic re­
flexes in spinalized cats. J Auton Nerv Syst
12:175-184, 1985




