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Effects of naloxone and flumazenil on isoflurane activities were
examined on dorsal horn neurons in cats. Isoflurane suppressed
bradykinin-induced nociceptive responses in transected feline spinal
cords. The bradykinin-induced neuronal firing rates were significantly
suppressed by 60.0%, 35.3% and 32.2% at 10, 20 and 30 min af-
ter isoflurane administration, respectively. The 32.2% suppression on
bradykinin-induced neuronal responses at 30 min after isoflurane ad-
ministration was not reversed 5 min after administration of naloxone
(36.4% suppression). The suppressive effects of isoflurane were not re-
versed by naloxone (0.2 mg.kg-\ Lv.). Similarly, the benzodiazepine
antagonist, flumazenil (0.2 mg.kg- 1 , i.v.}, did not affect the suppres-
sive effects of isoflurane. Failure of naloxone and flumazenil to reverse
the suppressive effects of isoflurane suggests that isoflurane interacts
with neither opioid nor benzodiazepine receptors in producing its sup-
pressive action on nociceptive responses in dorsal horn neurons of the
feline spinal cord. (Key words: isoflurane, spinal dorsal horn neuron,
nociceptive response, naloxone, flumazenil)

(Okuda T, Wakita K, Tsuchiya N, et al.: Naloxone and flumazenil
fail to antagonize the isoflurane-induced suppression of dorsal horn
neurons in cats. J Anesth 7: 462-467, 1993)

Interactions of volatile anesthetics
with either the opioidergic or ben-
zodiazepine systems are currently of
considerable interest. Several stud-
ies have shown that opioldergic'<f
or benzodiazeplnev"? systems partially
mediate the action of volatile anes-
thetic agents. However, other inves-
tigators have been unable to find
any interactions of volatile anesthet-
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ics with either the opioidergic'< P or
benzodlazepine'<v-" systems.
The dorsal horn of the spinal cord

is thought to be an important site
for drugs to mediate the transmis-
sion of noxious inputs. Suppressive ef-
fects on the nociceptive stimuli with
volatile anesthetics may be, at least
in part, due to the direct action on
the spinal dorsal horn16 - 1S • Halothane
(0.5 and 1.0%) and enflurane (1.5-
2.5%) suppressed nociceptive responses
of lamina V-type neurons in the spinal
cord17 - 19 • The purpose of this study
was to determine whether naloxone
and flumazenil might reverse the sup-
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pressive effects of volatile anesthetics
on nociceptive responses of the spinal
dorsal horn neurons.

Methods

The protocol was approved by the
Institutional Animal Care Committee.
A total of 21 cats (2.4-3.2 kg) were
used in the experiments. Details of
the experimental method have been
previously described19. Briefly, surgi-
cal procedures were carried out un-
der enflurane-nitrous oxide and oxygen
anesthesia. Following tracheostomy,
cannulations of the internal jugu-
lar vein for drug administration and
carotid artery for continuous blood
pressure monitoring were performed.
Nociceptive responses of spinal dor-
sal horn neurons were induced by in-
traarterial bradykinin injections. For
the intraarterial bradykinin injection,
a cannula was introduced retrograde
into the bifurcation site of bilateral
femoral arteries. The animals were
then placed in a stereotaxic appara-
tus and decerebrated at the midbrain
reticular formation. An initial laminec-
tomy extending from L4 to L6 was
performed to render the insertion of
a recording microelectrode. Another
laminectomy was performed at the T12
level for transection of the spinal cord.
After these surgical procedures, anes-
thesia was discontinued. Animals were
immobilized by pancuronium bromide
and artificially ventilated with oxygen.
The PaC02 and systolic blood pressure
were maintained at 35-40 mmHg and
more than 100 mmHg, respectively.
The body temperature was maintained
consistently by the use of a rectal
probe connected to a servocontrolled
heating pad adjusted at 37-38°C. As
a noxious stimulus, bradykinin was in-
jected via the cannula inserted into
the femoral artery. Bradykinin was
dissolved in physiological saline (100
j-tg·ml-1 ) , and 0.1 ml of the solution
was injected as a single bolus ad-

ministration within 1-2 sec and in-
jected at 10-12 min intervals. Only
dorsal horn neurons that responded
to bradykinin injections were selected
for this study. Extracellular recordings
from lamina V-type cells (1500-2500
ttID deep from the dorsum of the
spinal dorsal horn) were traced via
a tungsten microelectrode (tip diame-
ter, 3-4 pm). Single unit activity from
the recording tungsten rnicroeleetrode
was amplified (MZ-4, Nihon Kohden,
Japan), monitored with a dual-beam
oscilloscope (EN-60lJ, Nihon Kohden)
and the action potentials counted (ET-
612J, Nihon Kohden) with a discrimi-
nator (EN-60lJ, Nihon Kohden). The
number of unitary spikes for each
neuron per 60 sec before and after
each bradykinin injection was counted.
The pre-bradykinin recording was re-
ferred as the spontaneous neuronal
activity. The bradykinin-induced ac-
tivity was then determined by sub-
tracting the spontaneous reading from
the number of unit discharges imme-
diately after bradykinin injection, and
this corrected bradykinin-induced neu-
ronal count was taken as the con-
trol of nociceptive response before
drug treatments. After repeating 2 to
3 recordings of the spontaneous and
bradykinin-induced neuronal activities,
1.0% isoflurane was inhaled for 40 min
and the neuronal responses were ob-
served. With regards to the concentra-
tion of isoflurane, 1.0% was far greater
than that required to suppress the no-
ciceptive stimuli in the spinal cord.
Naloxone (0.2 mg-kgr ' ) and flumazenil
(0.2 mg-kgr ") were administered in-
travenously after isoflurane administra-
tion to study the pharmacological as-
peets of isoflurane-induced suppression
on spinal dorsal horn neurons. Results
are expressed as mean ± S.E.M. Sta-
tistical significance was verified with
Wilcoxon signed rank test. Differences
were considered significant at P < 0.05.
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Results

Fig. 1. Effects of naloxone and flumazenil
on isoflurane-elicited suppression of bradykinin-
induced activity of neuron of the spinal dorsal
horn. Neither naloxone (0.2 mg.kg- 1 ) nor
fiumazenil (0.2 mg_kg- l ) reversed the suppres-
sive effects of isofiurane.
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Figure 1 demonstrates the effects of
naloxone and flumazenil on isoflurane-
elicited suppression of bradykinin-
induced activity of the spinal dor-
sal horn neurons. Table 1 summarizes
the effects of naloxone and flumaze-
nil on isoflurane-elicited suppressions
of bradykinin-induced activities of the
spinal dorsal horn neurons. A total of
7 spinal lamina V-type neurons were
studied with the use of naloxone on
the suppressive effects of isoflurane.
The bradykinin-induced neuronal fir-
ing rate was 978.6 ± 158.2 (control)
spikes/min. These bradykinin-induced
neuronal firing rates were significantly
suppressed by 60.0%, 35.3% and 32.2%
at 10, 20 and 30 min after isoflurane
administration, respectively. Naloxone
(0.2 mg-kg"", IV) did not affect the
suppressive effects of isoflurane. The
bradykinin-induced neuronal responses
(32.2% suppression at 30 min after
isoflurane) was not reversed comparing

It is controversial whether volatile
anesthetics mediate the opioid sys-
tems. Several groups have investigated
the interaction between volatile anes-
thetics and opioid systems-"". The
anesthetic action of enflurane and
halothane is partially attributed to ac-
tivation of the endogenous opioid sys-
tems because naloxone increases the
number of animals responding to noci-
ceptive stimulus and alters the depth
of inhalational anesthesia", A previ-
ous in vivo study has shown that
halothane interacts with opioid recep-
tors in rat brain mernbr-ane'', Further-
more, cardiovascular changes induced
by volatile anesthetics are antagonized
by naloxone'', However, other stud-
ies have failed to confirm the in-
teraction between volatile anesthetics
and endogenous opioid systems. Be-
side indicating no effects on the sup-
pression of volatile anesthetics on the
tail flick ED50 and MAC8 , naloxone
fails to reverse the anesthetic-elicited
righting response in r-ats", Moreover,
this opioid antagonist neither reverses
halothane anesthesia in doge'? nor al-

with the 36.4% suppression at 5 min
after administration of naloxone. Simi-
larly, a total of 7 spinal neurons were
studied with the use of the flumazenil
on the suppressive effects of isoflurane.
The bradykinin-induced neuronal fir-
ing rate was 1025.3 ± 161.2 (control)
spikes/min. These bradykinin-induced
neuronal firing rates were significantly
suppressed by 54.5%, 32.0% and 29.2%
at 10, 20 and 30 min after isoflurane
administration, respectively. F'lumaze-
nil (0.2 mg-kg", IV) did not affect the
suppressive effects of isoflurane. The
bradykinin- induced neuronal responses
(29.2% suppression at 30 min after
isoflurane) was not reversed comparing
with the 33.6% suppression recorded
at 5 min after administration of nalox-
one.

Discussion

Recovery40 min

f Flumazenil (Lv.)

"1 min

100 Control 30 min
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Table 1. Effect of naloxone or flumazcnil on isoflurane-clicited suppression of
bradykinin-induced activities of the spinal dorsal horn neurons in cats

465

Time (min) after 1% isoflurane administration

Control 10 min 20 min 30 min
naloxone or

Recovery
fiumazenil

(naloxone i.v. )
978.6::':: 158.2 587.2::':: 131.5 345.7±89.7 314.9±90.2 356.2±78.6 792.7±123.1

(60.0)* (35.3)* (32.2)* (36.4)* (81.0)

1025.3:t: 161.2 558.8::'::124.4 328.1±79.6
(54.5)* (32.0)*

299.3±70.8
(29.2)*

(flumazcnil i.v.}

344.6±89.6 762.0::: 161.5
(33.6)* (74.3)

(spikes/min)
Values are mean ± SEM (n) (%): change in percentage referse to control values
*p < 0.05 vs. control values.
Recovery: 10 min after termination of isoflurane

ters halothane requirement (MAC) in
rats!". With regards to sympathetic
nerve activities, sympathetic inhibi-
tion induced by halothane is mediated
in part by the activation of opioid
receptors, whereas halothane analge-
sia is not mediated via the opioid
mechanisrrr'". In this study, naloxone
did not antagonize the suppressive ef-
fects of isoflurane. This result does
not support other findings that sug-
gest the role played by endogenous
opioid systems in the mechanism of
isoflurane analgesia. Particular atten-
tion has been focused on the in-
teraction between volatile anesthetics
and benzodiazepine receptors in re-
cent years. Volatile anesthetics are
known to alter central nervous system
(CNS) activity mediated by gamma
aminobutyric acid (GABA). Volatile
anesthetics effectively increase the
GABA concentration within synapses
by inhibiting metabolic breakdown
of GABA, leading to an anesthetic
state as a result of accumulation of
this inhibitory neurotransmitter in the
synaptic cIeft20 • Benzodiazepines influ-
ence the CNS by facilitating its in-
teraction of GABA because benzodi-
azepine receptors are linked to GABA
receptors via a chloride coupling unit.

If such benzodiazepine-GABA recep-
tor complex systems were responsi-
ble for the effect of volatile anesthet-
ics, effects of volatile anesthetics may
in part be mediated at the level of
the benzodiazepine receptors. It re-
mains to be proved whether flumaze-
nil (a specific benzodiazepine antago-
nist that reverses the effect of ben-
zodiazepine) can antagonize the ac-
tion induced by volatile anesthetics.
If ftumazenil did antagonize the ac-
tion of volatile anesthetics, the lat-
ter might directly or indirectly acti-
vate the benzodiazepine receptors. Be-
side partially manifesting reversal ef-
fects of isoflurane-elicited depressions
on cerebral metabolic rate of oxygen
(CMR02 ) and EEG in dogs", flumaze-
nil antagonizes CNS depression caused
by halothane, but not at concentra-
tions sufficient to produce anesthesia".
Furthermore, midazolam, a hydrophilic
benzodiazepine, decreases MAC re-
quirements of halothane and enflurane
in humans" and dogs7 in a dose-
related manner. However, flumazenil
does not manifest any effects on the
MAC of volatile anesthetics in dogs'"
and rats14 • In addition, volatile anes-
thetics exert no direct action on the
benzodiazepine receptors either in vivo
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or in vitro15 • These studies confirm
that volatile anesthetics do not interact
with benzodiazepine receptors, directly
or indirectly, to produce the anes-
thetic action. In this study, flurnazenil
did not affect the suppressive effects
of isoflurane, suggesting that isoflu-
rane does not interact with the ben-
zodiazepine receptors to produce its
suppressive action. It is believed that
volatile anesthetics act nonspecifically
on the lipid membranes in the CNS
independent of the direct anesthetic
effects on specific receptors. However,
some of the effects of volatile anesthet-
ics are antagonized by either nalox-
one or ftumazenil. This is probably
attributed to either direct binding of
the drugs to the specific receptors or
via indirect mechanisms such as an
alteration of the binding sites and/or
release action of neurotransmitters by
the drugs.
In conclusion, neither naloxone nor

ftumazenil indicated reversal effects
on isofturane-elicited suppressions on
bradykinin-induced nociceptive neu-
ronal responses in the feline spinal
cord. As such, participation of opioid
and benzodiazepine receptors in the
mechanism of analgesia for isofturane
in the CNS may be discounted.
(Received Jun. 9, 1992 , accepted for

publication Feb. 23, 1993)
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