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Purpose: To evaluate the interaction between nitrous oxide and propofol for the suppression of hypertension fol-
lowing electrical stimulation of the mental nerve in the rabbit. 
Methods: Male Japan White rabbits were tracheostomized, cannulated and mechanically ventilated under isoflu-
rane anesthesia. Square wave pulses (5 V, 0.5 msec, 50 Hz for 5 sec) were delivered to the left mental nerve.
Animals received nitrous oxide 20, 40, 60 and 80% (Group 1); propofol 200, 400, 600 and 800 µg·kg–1·min–1

(Group 2); or combinations of nitrous oxide and propofol at 10 + 100, 20 + 200, 30 + 300 and 40 % + 400
µg·kg–1·min–1 (Group 3). Systolic blood pressure was recorded from immediately before to maximal increase fol-
lowing nerve stimulation. Probit analysis was used to obtain ED50 values for 50% suppression of blood pressure
elevation. Isobolographic analysis was used to evaluate the interaction between nitrous oxide and propofol. 
Results: ED50 values are 52.9% for nitrous oxide (Group 1), 464.1 µg·kg–1·min–1 for propofol (Group 2), 21.7
% + 217.1 µg·kg–1·min–1 for nitrous oxide and propofol combination (Group 3) and 24. 7 % + 247.1
µg·kg–1·min–1 for the theoretically additive combination of nitrous oxide and propofol, respectively.
Conclusion: The interaction between nitrous oxide and propofol for the suppression of blood pressure eleva-
tion following electrical stimulation of the mental nerve is additive.

Objectif : Évaluer l’interaction entre le protoxyde d’azote et le propofol, utilisés comme antihypertenseurs, à la
suite d’une stimulation électrique du nerf mentonnier chez le lapin.
Méthode : Des lapins albinos mâles du Japon ont subi une trachéotomie, la mise en place d’une canule trachéale
et une ventilation mécanique sous anesthésie à l’isoflurane. Un courant d’ondes carrées (5 V, 0,5 msec, 50 Hz
pendant 5 sec) a été administré au nerf mentonnier gauche. Les animaux ont reçu 20, 40, 60 et 80 % de pro-
toxyde d’azote (Groupe 1); 200, 400, 600 et 800 µg·kg–1·min–1 de propofol (Groupe 2) ou une combinaison de
protoxyde d’azote et de propofol : 10 + 100, 20 + 200, 30 + 300 et 40 % + 400 µg·kg–1·min–1 (Groupe 3).
La tension artérielle systolique a été enregistrée à partir du moment qui précède immédiatement l’augmentation
jusqu’à l’élévation maximale provoquée par la stimulation du nerf. Une analyse par la méthode des probits a été
utilisée pour obtenir la valeur de ED50 qui correspond à la suppression de 50 % de l’élévation de la pression san-
guine. L’analyse isobolographique a permis d’évaluer l’interaction entre le protoxyde d’azote et le propofol.
Résultats : La valeur de ED50 était de 52,9 % pour le protoxyde d’azote (Groupe 1); 464,1 µg·kg–1·min–1 pour
le propofol (Groupe 2); 21,7 % + 217,1 µg·kg–1·min–1 pour la combinaison de protoxyde d’azote et de propo-
fol (Groupe 3) et de 24,7 % + 247,1 µg·kg–1·min–1 pour la combinaison additive théorique de protoxyde d’a-
zote et de propofol, respectivement.
Conclusion : L’interaction entre le protoxyde d’azote et le propofol, utilisés comme antihypertenseurs à la suite
d’une stimulation électrique du nerf mentonnier, est additive.
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OTAL intravenous anesthesia is widely
used in clinical anesthesia. Propofol-based
total intravenous anesthesia produces stable
hemodynamic conditions during surgery

accompanied with early emergence and low incidence
of postoperative nausea and vomiting. In some cases,
however, hemodynamic fluctuations including blood
pressure elevation are large enough to interrupt the
surgery. Nitrous oxide may be added in such cases.

Fifty percent nitrous oxide inhibits the blood pres-
sure elevation following electrical stimulation of the
mental nerve in the rabbit.1 The interaction between
nitrous oxide and propofol evaluated by movement
after skin incision in anesthetized patients was report-
ed to be additive, although the effect is not as great as
the sum of the two would suggest.2 However, no
study has evaluated the interaction of these agents on
the basis of blocking cardiovascular responses to nox-
ious stimulation. Minimal hemodynamic fluctuation
and no movement response are desirable during gen-
eral anesthesia.

The purpose of the present study was to evaluate the
interaction between nitrous oxide and propofol on the
basis of suppressing blood pressure elevation following
electrical stimulation of the mental nerve in the rabbit.

Materials and methods
After approval by the Animal Care and Use Committee,
Tokyo Dental College, we utilized male Japan White
rabbits (2.1 - 2.8 kg). Animals were allowed food and
water ad libitum until the morning of the experiment.
Anesthesia was induced by inhalation of isoflurane (2.0
v/v%) in oxygen delivered via a mask. Before skin inci-
sion for each of the experimental procedures, except for
the mental nerve isolation, appropriate doses of lidocaine
were infiltrated into the surgical field. A #20 French,
non-cuffed pediatric endotracheal tube was inserted into
the trachea through a tracheostomy. The left auricular
marginal vein and right femoral artery were cannulated
with 22 and 20 gauge Teflon indwelling catheters
(Angiocath, Becton Dickinson, Sandy, Utah). After lac-
tated Ringer’s solution was started at 10 ml·kg– 1· hr–1 iv,
the animals were paralyzed with 1 mg·kg– 1 alcuronium iv
(Dialferin, Roche, Tokyo, Japan) and their lungs were
mechanically ventilated with an animal ventilator (Model
613, Harvard, South Natick, Massachusetts). The
femoral artery blood pressure was continuously moni-
tored with a pressure transducer (P23ID; Gould,
Oxnard, California). The blood pressure changes were
continuously recorded (Polygraph series 360; NEC San-
ei, Tokyo, Japan).

Through a 10 mm incision in the left mental
region, the left mental nerve was isolated. The nerve

was placed over a pair of stainless needle hook elec-
trodes with the cathode at the proximal site and cov-
ered with a layer of liquid paraffin. Square wave pulses
were delivered using a stimulation unit (SEN-7203,
Nihon Kohden, Tokyo, Japan) and an isolation unit
(SS-104J, Nihon Kohden, Tokyo, Japan). The stimu-
lating condition was 5 V in intensity and 0.5 msec
duration, at a frequency of 50 Hz for 5 sec.

After the completion of experimental preparations,
the end-tidal concentration of isoflurane was reduced to
0.7%, (approximately 0.35 MAC) 3 and kept at that
concentration throughout the experiment. More than
60 min was allowed to elapse to stabilize blood pressure
in each animal. In group 1 (n=9), following control
assessment, measurements were repeated with nitrous
oxide (end-tidal concentration) inhalation at 20, 40, 60
and 80% in this order. In group 2 (n=9), following con-
trol assessment, measurements were repeated at 200,
400, 600 and 800 µg·kg– 1·min–1 propofol (Diprivan,
Astra-Zeneka, Tokyo, Japan) infusion rates in this
order. In group 3 (n=9), following the control, mea-
surements were repeated at nitrous oxide 10% + 100
µg·kg–1·min–1 propofol, nitrous oxide 20% + 200
µg·kg–1·min–1 propofol, nitrous oxide 30% + 300
µg·kg–1·min– 1 propofol and nitrous oxide 40% + 400
µg·kg–1·min– 1 propofol in this order. Each administra-
tion was continued for 20 min. Electrical stimulation
was made 15 and 20 min after the start of each admin-
istration. Systolic blood pressure (SBP) immediately
before (Pre) and at maximal increase (Max) following
the nerve stimulation was recorded. The SBP elevations
from Pre to Max (delta SBP) at 15 and 20 min after the
start of each administration were calculated and aver-
aged. To ascertain if changes in the baseline blood pres-
sure had any effect on delta SBP, a group of six rabbits
was studied. The SBP was reduced to about 80 mmHg
with sodium nitroprusside (SNP, Wako, Osaka, Japan)
or elevated to about 150 mmHg with phenylephrine
(Neosynesin, Kowa, Tokyo, Japan) during the inhala-
tion of 0.35 MAC isoflurane. Electrical stimulation was
given at five minute intervals during SNP and phenyle-
phrine infusion.

The PETCO2 was kept constant (35 - 40 mmHg)
throughout the experiment. End-tidal nitrous oxide
and isoflurane concentrations and PE TCO2 were con-
tinuously monitored with an anesthetic gas monitor
(Capnomac; Datex, Helsinki, Finland). Body temper-
ature was continuously monitored by a rectal probe
and maintained between 39.0 - 39.5°C with the aid of
a heating lamp.

The Pre and delta SBP are shown as the mean ± SD.
One-way analysis of variance for repeated measurements
followed by Dunnett test was used for intragroup com-
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parison of SBP values at Pre in each group. One-way
analysis of variance followed by Student-Newman-Keuls
test was used for intergroup comparison of the SBP val-
ues at Pre and the delta SBP values at the control peri-
od. A P value < 0.05 was considered statistically
significant. Probit analysis4 was used to obtain ED5 0 val-
ues to suppress blood pressure elevation for nitrous
oxide, propofol and nitrous oxide - propofol combina-
tion. Delta SBP at each measurement period was
expressed as the percentage from the respective control
value in each group. Four values of the percentage
changes were plotted against logarithmic values of the
respective administered concentration / rate and served
for probit analysis. The ED5 0 values were calculated as
the administered concentration / rate producing a delta
SBP of 50% of that during the control stimulation. Data
are expressed as the ED5 0 value with 95% confidence
interval in the parenthesis. Isobolographic analysis4 – 6

was used to evaluate the interaction between nitrous
oxide and propofol. An isobologram was constructed by
plotting ED5 0 values on the x and y axes (x for nitrous
oxide and y for propofol). A straight line joining the two
ED5 0 values is the theoretical additive line. Deviation of
the ED5 0 for the nitrous oxide-propofol combination to
the left from the theoretical additive line indicates a
supraadditive (synergistic) effect and; to the right, an
infraadditive (antagonistic) effect. The deviation was
considered statistically significant when the 95% confi-

dence intervals of the ED5 0 for nitrous oxide-propofol
combination in both x and y directions did not overlap
those of the ED5 0 point for the theoretically additive
combination of nitrous oxide and propofol.
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TABLE I Systolic blood pressure (SBP, mmHg) immediately before (Pre SBP) and maximal SBP elevation (delta SBP) following electri-
cal stimulation of the mental nerve.

Pre SBP delta SBP

Group 1 Control 124.2 ± 17.5 37.3 ± 11.9
20 % N 130.6 ± 20.6* 33.9 ± 13.8
40 % N 137.1 ± 20.9* 24.4 ± 18.0
60 % N 143.1 ± 18.8* 17.2 ± 12.7
80 % N 146.7 ± 16.5* 11.7 ± 14.1

Group 2 Control 133.1 ± 12.3 31.7 ± 10.3
200 µg·kg– 1·min– 1 P 127.2 ± 13.1 27.6 ±  8.5
400 µg·kg– 1·min– 1 P 123.8 ± 16.1* 16.4 ± 10.6
600 µg·kg– 1·min– 1 P 115.9 ± 14.1* 10.3 ±  8.2
800 µg·kg– 1·min– 1 P 109.6 ± 11.9* 9.6 ±  8.3

Group 3 Control 121.6 ± 13.5 32.8 ± 11.3
10% N + 100 µg·kg– 1·min– 1 P 123.9 ± 13.7 25.6 ± 11.8
20% N + 200 µg·kg– 1·min– 1 P 124.3 ± 12.0 16.9 ± 14.0
30% N + 300 µg·kg– 1·min– 1 P 123.7 ± 9.8 15.2 ± 12.5
40% N + 400 µg·kg– 1·min– 1 P 124.2 ± 10.3 9.4 ± 11.0

SNP Control 115.5 ± 10.2 29.8 ± 11.8
Infusion 75.5 ±  5.6* 25.0 ± 10.3

Phenylephrine Control 120.5 ± 10.5 30.2 ± 10.6
Infusion 153.9 ± 14.7* 28.6 ± 11.1

Data are expressed as mean ± SD. N = nitrous oxide; P = propofol; SNP = sodium nitroprusside. Asterisk in the “Pre” column indicates
significant difference (P < 0.05) from control in each group.

FIGURE 1 Probit analyses to obtain the ED5 0 values of nitrous
oxide and propofol for 50% suppression of blood pressure eleva-
tion following the electrical stimulation of the mental nerve. ED5 0
values (95% confidence interval) are 52.9 (36.8 - 83.7)% for
nitrous oxide and 464.1 (276.8 - 720.9) µg·kg– 1·min– 1 for propo-
fol, respectively.



Results
The SBP at Pre in the control period were 124.2 ± 17.5
mmHg in group 1, 133.1 ± 12.3 mmHg in group 2
and 121.6 ± 13.5 mmHg in group 3, respectively. The
SBP in group 2 was higher than in the other two groups
(P < 0.05), although the differences were about 10
mmHg. The SBP increased during nitrous oxide inhala-
tion in group 1 (P < 0.05), while SBP decreased during
propofol infusion in group 2 (P < 0.05). The SBP did
not change during concomitant administration of
nitrous oxide and propofol in group 3. Delta SBP val-
ues in the control period were 37.3 ± 11.9 mmHg in
group 1, 31.7 ± 10.3 mmHg in group 2 and 32.8 ±
11.3 mmHg in group 3, respectively (P: NS). Delta
SBP values during SNP or phenylephrine infusion were
not different from their control values (Table I).

Figure 1 demonstrates probit analyses to obtain the
ED5 0values of nitrous oxide and propofol for 50% sup-
pression of blood pressure elevation following electrical
stimulation of the mental nerve. Table II summarizes
the results. The ED5 0 values (95% confidence interval)
are 52.9 (36.8 - 83.7)% for nitrous oxide, 464.1 (276.8
- 720.9) µg·kg–1· min–1 for propofol and 21.7 (9.8 -
39.7)% + 217.1 (97.6 - 397.3) µg·kg– 1·min–1 for nitrous
oxide and propofol combination, respectively. The
ED5 0 values (95% confidence interval) for the theoreti-
cally additive combination of nitrous oxide and propo-
fol are 24.7 (13.0 - 51.3)% and 247.1 (129.6 - 512.8)
µg·kg– 1· min–1, respectively. Isobolographic analysis
shows that the interaction between nitrous oxide and
propofol is additive (Figure 2).

Discussion
The present study demonstrates that the interaction
between nitrous oxide and propofol in suppressing
blood pressure elevation following electrical stimula-
tion of the mental nerve is additive. Hemodynamic
changes following electrical stimulation of the mental
nerve were not inhibited during SNP-induced reduc-
tion or phenylephrine-induced elevation in SBP. These
results suggest that inhibition of blood pressure eleva-

tion following electrical stimulation of the mental
nerve during the administration of nitrous oxide,
propofol or nitrous oxide - propofol combination was
caused not by the changes in SBP but by their phar-
macological effects. In this study, only SBP changes
following electrical stimulation of the mental nerve
were observed. In discussing the cardiovascular effects
of anesthetic agents, changes in heart rate as well as in
blood pressure should be considered. In the present
study, however, heart rate decreased in some cases
after electrical stimulation of the mental nerve proba-
bly due to baroreceptor reflex mechanisms.
Accordingly, delta SBP was used to evaluate the inter-
action between nitrous oxide and propofol.

Sixty seven percent nitrous oxide in oxygen
(approximately 0.6 MAC) reduced the predicted
effective blood concentration of propofol by 25% in
preventing the movement response to surgical incision
in anesthetized patients.2 The authors speculated that
the interaction between nitrous oxide and propofol
was additive, though the effect was not as great as the
sum of the two would suggest. However, this conclu-
sion did not come from an isobolographic analysis. 
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TABLE II ED5 0 values and their 95% confidence intervals
for 50% suppression of blood pressure elevation following
the electrical stimulation of the mental nerve.

ED5 0(95% confidence interval)
Nitrous oxide (%) 52.9 (36.8 - 83.7)
Propofol (µg·kg– 1·min– 1) 464.1 (276.8 - 720.9)
Nitrous oxide-propofol combination

measured data nitrous oxide (%) 21.7 (9.8 - 39.7)
propofol (µg·kg– 1·min– 1) 217.1 (97.6 - 397.3)

theoretical data nitrous oxide (%) 24.7 (13.0 - 51.3)
propofol (µg·kg– 1·min– 1) 247.1 (129.6 - 512.8)

FIGURE 2 Isobolographic analysis of the interaction between
nitrous oxide and propofol for 50% suppression of blood pressure
elevation following the electrical stimulation of the mental nerve.
The theoretically additive line connects the ED5 0 values of nitrous
oxide (52.9%) and propofol (464.1 µg·kg– 1·min– 1). An open
square on the theoretically additive line shows the ED5 0 point of
the theoretically additive combination of nitrous oxide and propo-
fol. A closed circle shows the ED5 0 point of the measured combi-
nation of nitrous oxide and propofol. Vertical and horizontal bars
show 95% confidence intervals of each ED5 0 value. The deviation
of the ED5 0 point of the measured combination of nitrous oxide
and propofol from the theoretically additive line was statistically
insignificant.



Blood pressure elevation following electrical stimu-
lation of a somatic nerve is mediated by the
somatosympathetic reflex.7 , 8 The pathway of the
somatosympathetic reflex in the trigeminal region
includes the afferent trigeminal nerve fibres, the cau-
dal part of the spinal trigeminal nucleus, the
parabrachial nucleus, the rostral ventrolateral medulla
and the efferent sympathetic nerve fibres.9,10

Nitrous oxide 75% suppressed the spontaneous fir-
ing frequency of the caudal part of the spinal trigemi-
nal nucleus.1 1 In addition, anesthetic concentrations
of nitrous oxide may activate the descending inhibito-
ry system through supraspinal opiate and spinal 2
receptors.1 2 The noradrenergic pathway is involved in
the descending inhibitory system in the caudal part of
the spinal trigeminal nucleus.1 3 In contrast, there is no
direct evidence of the inhibitory effects of propofol on
the cellular activities of the caudal part of the spinal
trigeminal nucleus. However, propofol activates
GABAA receptor-chloride ionophore complex in the
rat,14 and GABAergic neurons may be associated with
presynaptic and postsynaptic inhibition within the
nociceptive pathways in the caudal part of the spinal
trigeminal nucleus.1 5 Thus, inhibition of the cellular
activities in the caudal part of the spinal trigeminal
nucleus by nitrous oxide or propofol may be accom-
panied by suppression of the blood pressure responses
mediated by the somatosympathetic reflex.1 6

Propofol principally inhibits the vasomotor mecha-
nism in the rostral ventrolateral medulla to effect its
hypotensive actions.1 7 Although the effects of nitrous
oxide on the rostral ventrolateral medulla are not clar-
ified, nitrous oxide increases the sympathetic activity
through actions at the suprapontine level.18

Drugs acting via the same mechanisms interact addi-
tively, whereas synergy can result from interactions of
drugs with different mechanisms of action, in their hyp-
notic interaction.19 The additive interaction of nitrous
oxide and propofol in the present study therefore sug-
gests that these agents may act at the same site. Thus,
although the mediators for the inhibition of the cellular
activity may be different, both nitrous oxide and propo-
fol inhibit cellular activity in the caudal part of the spinal
trigeminal nucleus and suppress blood pressure eleva-
tion following electrical stimulation of the mental
nerve. However, this hypothesis conflicts with the fact
that nitrous oxide has analgesic effects while propofol
does not. The difference in the chemical mediators
between opioids and norepinephrine for nitrous oxide
and GABA for propofol may explain this discrepancy.
Further studies in this field are needed.

In the clinical settings, although there is no report of
the hypnotic interaction, the interactions to suppress

movement and blood pressure responses following nox-
ious stimulations are additive between nitrous oxide
and propofol. Moreover, there is no interaction
between these agents for baroreceptor reflex respons-
es.2 0Thus, although propofol and fentanyl show syner-
gistic interaction with respect to the suppression of
somatic or hemodynamic responses to noxious stimula-
tion,21 the addition of nitrous oxide to total intravenous
anesthesia using propofol and fentanyl is expected to
show only additive effects to suppress blood pressure
elevation, while nitrous oxide compensates for the
blood pressure reduction caused by propofol.

Since 0.35 MAC isoflurane was given as basal anes-
thesia to the animals participating in this study for eth-
ical reasons, cardiovascular effects of isoflurane might
be involved in the interaction between nitrous oxide
and propofol. Further studies under different basal
anesthesia using urethane/chloralose or pentobarbital
may be needed to clarify this issue.

In conclusion, nitrous oxide and propofol interact
additively in the suppression of blood pressure elevation
following electrical stimulation of the mental nerve.
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