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MUELLER, J. L. AND R. M. QUOCK. Contrasting influences of 5-hydroxytryptamine receptors in nitrous oxide anti-
nociception in mice. PHARMACOL BIOCHEM BEHAV 41(2) 429-432, 1992. — 5-Hydroxytryptamine (5-HT) mechanisms
may play a role in opioid-mediated antinociception. Since opioid mechanisms have been implicated in nitrous oxide antinoci-
ception, this study was conducted to determine the possible role of 5-HT receptors in nitrous oxide antinociception. Male
Swiss Webster mice were pretreated with one of two 5-HT receptor blockers and then tested in the acetic acid abdominal
constriction test for their antinociceptive response to nitrous oxide, the «-opioid agonist U-50,488H, or the u-opioid agonist
sufentanil. Results indicate that the 5-HT; receptor bilocker ICS-205,930 antagonized both nitrous oxide and U-50,488H
effects but not that of sufentanil. Mianserin, a 5-HT,./5-HT, receptor blocker, potentiated effects of both nitrous oxide and
U-50,488H but not that of sufentanil. These findings show similarities in nitrous oxide and U-50,488H antinociception and
further support our hypothesis that nitrous oxide works through central x-opioid mechanisms in mice. The results also suggest
different roles for 5-HT receptor subtypes in mediating or modulating the antinociceptive effect of nitrous oxide.

Nitrous oxide Antinociception

5-Hydroxytryptamine receptors Mice

THE discovery of multiple opioid receptors triggered a mas-
sive search for new analgesic drugs dissimilar to morphine
and, hopefully, devoid of the more undesirable properties of
classical opioid drugs. One drug that resulted from this search
was trans(*)3,4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)cy-
clohexyl]benzeneacetamide (U-50,488H). U-50,488H antinoc-
iception is mediated through an opioid receptor with lower
affinity for naloxone—the x-opioid receptor—than does the
site that mediates morphine antinociception —the u-opioid re-
ceptor (19). More recent research has implicated 5-hydroxy-
tryptamine (5-HT) mechanisms in mediation of the antinoci-
ceptive effect of U-50,488H (6-8,10,20).

In previous research, we provided evidence that the antino-
ciceptive effect of the anesthetic gas nitrous oxide in mice
appears to be mediated by «- rather than u-opioid receptors

(12-15). Accordingly, the present investigation was conducted
to compare the influence of different 5-HT receptor blockers
on the antinociceptive effects of nitrous oxide, U-50,488H,
and, by comparison, the u-opioid agonist sufentanil.

METHOD
Antinociceptive Testing

Male 20 to 25-g Swiss Webster mice (Sasco Inc., Omaha,
NE) were assessed for their antinociceptive responsiveness to
nitrous oxide using the abdominal constriction test. Mice were
treated (IP) with 0.1 ml per 10 g body weight of 0.6% acetic
acid; exactly 5 min later, the number of abdominal constric-
tions —lengthwise stretches of the torso with concave arching
of the back —in each animal was counted for a 6-min period.

' Requests for reprints should be addressed to R. M. Quock, Department of Biomedical Sciences, University of Illinois College of Medicine at

Rockford, 1601 Parkview Avenue, Rockford, IL 61107-1897.
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The responsiveness of various treatment groups of mice to
nitrous oxide was calculated as % antinociception =

(mean # constrictions) (mean # constrictions)
in control mice in exposed mice

100 x — - T
(mean # constrictions in control mice)

Nitrous Oxide Exposure

Cages of five mice each were inserted into a small, inflat-
able, polyethylene AtmosBag® glovebag (Aldrich, Milwaukee,
WI) immediately following IP treatment with 0.6% acetic
acid. Nitrous oxide and oxygen were delivered into the glove-
bag, using a standard nitrous oxide/oxygen dental sedation
system (Porter, Hatfield, PA). The proportions of nitrous
oxide and oxygen were varied within a total inflow rate of 10
I/min to achieve the different test concentrations of nitrous
oxide (25% nitrous oxide: 2.5 1/min nitrous oxide plus 7.5 1/
min oxygen; 50% nitrous oxide: 5.0 1/min nitrous oxide plus
5.0 1/min oxygen; and 70% nitrous oxide: 7.0 1/min nitrous
oxide plus 3.0 1/min oxygen). The test concentration of ni-
trous oxide within the glovebag was confirmed using a POET
II anesthetic monitoring system (Criticare, Milwaukee, WI).
Exhausted gases were vented from the glovebag to a fume-
hood. Control experiments were conducted in a sealed glove-
bag filled with compressed air.

Drugs

The following drugs were used in this study: Nitrous Oxide,
USP, Oxygen, USP, and Compressed Air, USP (Rockford
Industrial, Rockford, IL); U-50,488H (Upjohn, Kalama-
z00, MI); sufentanil citrate (Janssen, Beerse, Belgium); ICS-
205,930 (Cambridge Biochemicals, Cambridge, MA); and
mianserin hydrochloride (Organon International, Oss, The
Netherlands). Mixtures of nitrous oxide and oxygen were ad-
ministered by inhalation as described above. All other drugs
were prepared in 0.9% saline. ICS-205,930 and mianserin
were administered IP in a volume of 0.1 ml per 10 g body
weight; control animals were treated IP with vehicle (saline).
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Drug pretreatments (0.3 mg/kg ICS-205,930 or 0.3 mg/kg
mianserin) were administered 30 min prior to exposure to 25,
50, or 70% nitrous oxide or 10 min prior to SC administration
of either U-50,488H or sufentanil.

Statistical Analysis of Data

Dose-response curves were constructed for drug-induced
antinociception in different treatment groups. Analgesic dose
50% (ADs) values and their 95% confidence intervals were
calculated for each pretreatment group and compared using
the method of Litchfield and Wilcoxon (9).

RESULTS

Dose-response curves for nitrous oxide, U-50,488H, and
sufentanil antinociception in various treatment groups are
compared in Fig. 1. As shown in Table 1, the ADy, values for
nitrous oxide and U-50,488H antinociception are both signifi-
cantly elevated by 1CS-205,930 and reduced by mianserin.
However, the ADy, value for sufentanil antinociception was
not appreciably affected by either drug pretreatment.

DISCUSSION

Our previous studies have gathered evidence that the anti-
nociceptive effect of nitrous oxide in mice is not mediated by
u-opioid receptors but rather by x-opioid receptors. First, if
the effect were u-opioid-mediated, it should be sensitive to
antagonism by a u-selective opioid receptor blocker, yet ni-
trous oxide antinociception was reduced not by S-funal-
trexamine but by the k-selective antagonist norbinaltorphi-
mine (12,13). Second, if the effect were u-opioid-mediated, it
should be greatly attenuated in a recombinant inbred mouse
strain deficient in brain u-opioid receptors, yet nitrous oxide
evoked prominent antinociception in CXBK/By mice (15).
Third, if the effect were p-opioid-mediated, it should re-
main intact following selective protection of u-opioid re-
ceptors from alkylation by S-chlornaltrexamine, yet it was
spared after protection of x-opioid receptors by U-50,488H
rather than protection of p-opioid receptors by D-Phe-
Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH, (CTOP) or sufentanil
(14,15).
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FIG. 1. Dose-response curves (ADs, values and 95% confidence intervals) for nitrous oxide antinocicep-
tion in different groups of mice pretreated with: O, saline; A, ICS-205,930 (0.3 mg/kg); M, mianserin
(0.03 mg/kg). Values were determined from 30-60 mice per treatment group.



5-HT RECEPTORS IN N,0 ANTINOCICEPTION

431

TABLE 1

INFLUENCE OF I1CS-205,930 AND MIANSERIN ON NITROUS OXIDE,
U-50,488H, AND SUFENTANIL ANTINOCICEPTION IN MICE

Antinociceptive Challenge Vehicle Control

ICS-205,930 Pretreatment

Mianserin Pretreatment

Nitrous oxide 39.0%
(28.4-53.4%)
U-50,488H 1.56 mg/kg
(0.95-2.55 mg/kg)
Sufentanil 0.60 ug/kg

(0.30-1.20 pg/kg)

55.5% 25.6%
(48.2-63.8%)* (21.4-30.7%)t
3.33 mg/kg 0.40 mg/kg
(2.43-4.58 mg/kg)* (0.21-0.76 mg/kg)t
0.49 ug/kg 0.77 pg/kg

(0.29-0.83 pg/ke) (0.50-1.17 pg/kg)

*p < 0.05, significant antagonism.
tp < 0.05, significant potentiation.

Additional supportive evidence might also be similarities
between nitrous oxide and U-50,488H in 5-HT involvement in
mediation or modulation of their antinociceptive effects.
In our hands, ICS-205,930, a 5-HT, receptor blocker (17),
significantly antagonized effects of both nitrous oxide and
U-50,488H but not sufentanil, while mianserin, a 5-HT,/
5-HT, receptor blocker (11), significantly potentiated nitrous
oxide and U-50,488H antinociception but not that of sufen-
tanil.

Von Voigtlander et al. (20) reported that U-50,488H anti-
nociception in mice was antagonized by SC pretreatment with
the S-HT receptor blockers cyproheptadine, ketanserin, and
pirenperone but not metergoline or mianserin. More recently,
Ho and Takemori (6,7) reported that ICV U-50,488H antinoc-
iception was antagonized by ICV pindolol, methysergide, mi-
anserin, ketanserin, pirenperone, and I1CS-205,930. However,
ICV U-50,488H antinociception was antagonized only by IT
pindolol or methysergide but not mianserin, ketanserin, pire-
nperone, or 1CS-205,930. When U-50,488H was given IT, its
antinociceptive effect was antagonized by IT pindolol or
methysergide, potentiated by IT mianserin, ketanserin, or
pirenperone, and unaffected by IT 1CS-205,930. They con-
cluded that 5-HT plays an important role in U-50,488H anti-
nociception and that supraspinal and spinal 5-HT,, 5-HT,,
and 5-HT; receptors are all involved albeit different modes of
interaction.

Many studies have demonstrated attenuation of morphine
effects after depletion of S-HT by p-chlorophenylalanine

(PCPA) (1,4,16) or blockade of 5-HT receptors (3,5). How-
ever, other studies failed to find any disruption of morphine
antinociception by PCPA (18) or by the 5-HT blockers methy-
sergide, mianserin, or metergoline (2). Thus, an indispensable
role for 5-HT in morphine antinociception remains debatable
and the involvement of 5-HT in u-opioid antinociception is,
as yet, equally unclear.

The findings of this investigation are in agreement with
those of earlier studies (6,7,20) that 5-HT mechanisms
are involved in U-50,488H antinociception; it also appears
that 5S-HT mechanisms likewise play a role in nitrous oxide
antinociception. However, these results lend more doubt to
their involvement in p-opioid antinociception, at least with
5-HT, and 5-HT,./5-HT, receptors. The parallel interactions
of ICS-205,930 and mianserin with nitrous oxide and
U-50,488H, but not sufentanil, suggest additional similarities
in nitrous oxide and U-50,488H antinociception, providing
further evidence that nitrous oxide antinociception in mice is
mediated via x-opioid receptors. It is also apparent that differ-
ent S-HT receptor subtypes may subserve opposing functions
in mediation of the «-opioid-mediated antinociceptive re-
sponses to nitrous oxide and U-50,488H.
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