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Abstract. - OBJECTIVES: This study was
designed to investigate the role of gamma-hy-
droxybutyric acid receptors (GHBR) in hypno-
sis and analgesia induced by emulsified inhala-
tion anesthetics.

MATERIALS AND METHODS: After having
established the mice model of hypnosis and
analgesia by intraperitoneal injections of ap-
propriate doses of enflurane, isoflurane, or
sevoflurane, we intracerebroventricularly (ICV)
or intrathecally injected different doses of NCS-
382 (antagonist of GHBR) and, then, observed
the effects on the sleeping time using awaken
test and the pain threshold in hot-plate test
(HPPT) using HPPT.

RESULTS: In the awaken test, 1, 5, and 25 pg
of NCS-382 (ICV) significantly decreased the
sleeping time of the mice treated with the three
emulsified inhalation anesthetics mentioned
above (p < 0.05 or 0.01). In the HPPT, 1, 5, and
25 pg of NCS-382 (intrathecally) did not affect
the HPPT in conscious mice (p > 0.05); in con-
trast, 1, 5, and 25 pug of NCS-382 (intrathecally)
significantly decreased the HPPT of the mice
treated with emulsified inhalation anesthetics
(p < 0.05 or 0.01).

CONCLUSIONS: The data presented in this
study suggest that GHBR may be important tar-
gets for the hypnotic and analgesic effects in-
duced by emulsified enflurane, isoflurane, and
sevoflurane.
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Introduction

Because of their induction and wake up quick-
ly, and anesthesia controllability, inhalation anes-
thetics are widely used in clinical trials, but their
exact mechanisms of action still remain
unknown!2, In recent years, ligand-gated ion
channels have emerged as the most promising
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molecular targets for inhalation anesthetics?. Var-
ious in vitro studies have reported that enhance-
ment of inhibitory neurotransmitter function or in-
hibition of excitatory neurotransmitter function or
both are plausible mechanisms of anesthesia*’.
However, neither a specific nor a unified mecha-
nism of action has been described. Gamma-hy-
droxybutyric acid receptors (GHBR) are founded
in recent years and exist in central nervous sys-
tem, With GHBR, specific combination can play
a central inhibition effect. The study found that
sodium oxybate has certain protective effect for
rats’ ischemia-reperfusion injury, which brain
protection is related with GHBR®. Many studies
have shown that inhalation anesthetics have hyp-
notic and analgesic properties and their analgesic
properties are mediated by the spinal cord®!°.
But, the relationship between GHBR and the
hypnotic and analgesic effects of emulsified in-
halation anesthetics is not fully understood.

In this study, we tested the hypothesis that GH-
BR may contribute to the hypnotic and analgesic
effects of emulsified inhalation anesthetics.
6,7,8,9-tetrahydro-5-hydroxy-5H-benzocyclohept-
6-ylideneacetic acid (NCS-382), which was the
specificity antagonists of GHBR, was injected in-
tracerebroventricularly (ICV) or intrathecally to
examine the effect of GHBR on the hypnotic and
analgesic effects of emulsified enflurane, isoflu-
rane, and sevoflurane in a behavioral study.

Materials and Methods

Animals

This research was carried out according to the
guidelines of the Jiangsu Council on Animal
Care. Kunming mice (22 + 3 g, 6-8 weeks, Cer-
tificate No. SCXK-SU-2007-0037) were ob-
tained from the Experimental Animal Center of
Xuzhou Medical College. Male and female mice
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were used in the awaken test. Female mice were
used in the hot-plate test (HPPT). Mice were
housed in a 12-h light: dark cycle at room tem-
perature (22 + 2°C). Food and water were given
ad libitum. All experiments were performed at
the same time between 8:00 and 12:00 AM to
avoid diurnal variation in the behavioral tests.

Formulation of emulsified
inhalation anesthetics

Emulsified inhalation anesthetics were made
as described by Chiari et al'!.

Enflurane, isoflurane, and sevoflurane were
dissolved in soy bean oil containing dispersed
egg lecithin, which comprised the oil phase of
the emulsion. Dissolution of egg lecithin in soy
bean oil was facilitated with heat. After dissolu-
tion of lecithin, the oil phase was, then, cooled to
approximately 10°C before addition of the in-
halation anesthetic. The aqueous phase of the
emulsion contained glycerin dissolved in water.
The aqueous phase was cooled to a temperature
similar to that of the oil phase (10°C). The oil
phase was, then, added to the aqueous phase,
while it was stirred vigorously to form the prima-
ry emulsion. The primary emulsion was homoge-
nized at high pressure to form the final emulsion.
After homogenization, the inhalation anesthetic
emulsion was stored in glass vials, capped, and
refrigerated (2-5°C) until use. Vials of the emul-
sion were warmed to 37°C for 2 h before admin-
istration. Our target concentration of anesthetics
in emulsion was about 10%. After warming, the
emulsion for 2 h at 37°C, the actual concentra-
tions of enflurane, isoflurane, and sevoflurane in
the emulsion were 9.7%, 10.1%, and 9.6%, re-
spectively, and were determined by gas chro-
matography.

Intracerebroventricular injection
Intracerebroventricular injections were carried
out into the left lateral ventricle of mice. Injec-
tions were performed using a Hamilton microsy-
ringe fitted with a 26-gauge intracerebroventricu-
lar (ICV) needle, according to the method of Ha-
ley and McCormick'?. The site of injection was
2-mm caudal and 2-mm lateral to the bregma,
and 3 mm in depth from the skull surface. The
solution was injected in a volume of 5 uL in 5 s.

Intrathecal injection

Intrathecal injections were performed free hand
between spinal LS and L6 segments according to
the method of Hylden and Wilcox'®. The intrathe-

cal location of the needle tip was confirmed by a
characteristic flick of the tail. The solution was in-
jected in a volume of 5 uL in 5 s. Lidocaine (2%)
5 uL was injected intrathecally in 10 mice, which
immediately exhibited hind limb paralysis that
lasted about 10 min in our pilot experiments.

Awaken test

According to our pilot experiment, hypnotic
doses of emulsified enflurane (22 mL/kg), isoflu-
rane (12 mL/kg), sevoflurane (50 mL/kg) were
injected intraperitoneally to establish the mouse
model of hypnosis. One hundred and twenty
Kunming mice (male or female) were divided
randomly into 12 groups (n = 10): the emulsified
intraperitoneal enflurane, isoflurane, sevoflurane
+ aCSF groups and the emulsified intraperitoneal
enflurane, isoflurane, sevoflurane + NCS-382 (1,
5, and 25 pg) groups.

Every group was injected intraperitoneally
with hypnotic doses of emulsified inhalation
anesthetics and 1 min after righting reflex loss,
each group was injected ICV with a CSF or dif-
ferent doses of NCS-382. Sleeping times (dura-
tion of the loss of righting reflex) were observed.

Hot-plate test

A homeothermic water box was heated to 55 =
0.5°C, and then mice were placed onto the hot-
plate. To avoid scalding of male reproductive or-
gans and its possible influence on the experimen-
tal results, females were preferred. The latency to
licking the hind paw was recorded as the pain
threshold in HPPT of mice. All mice were tested
twice at 5-min intervals and the mean value was
considered as the basal pain threshold (basal
HPPT) before any drug administration. The la-
tency between 5 and 30 s was qualified and the
cutoff time was 60s to avoid tissue damage. Ac-
cording to our pilot experiment, analgesic doses
of emulsified enflurane (8 mL/kg), isoflurane (5
mL/kg), and sevoflurane (20 mL/kg) were inject-
ed intraperitoneally to establish the mouse model
of analgesia. All three emulsified inhalation anes-
thetics exhibited a time-dependent anti-nocicep-
tive effect that was evidenced by increased re-
sponse latencies at about 10 min after intraperi-
toneal drug administration.

A total of 160 female Kunming mice were di-
vided randomly into 16 groups (n = 10): the aCSF
group; the NCS-382 (1, 5, and 25 ug) groups; the
emulsified intraperitoneal enflurane, isoflurane,
sevoflurane + aCSF groups and the emulsified in-
traperitoneal enflurane, isoflurane, sevoflurane +
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Figure 1. Effects of NCS-382 on sleep-
ing time in isoflurane-treated mice. NCS-
382 (1, 5, and 25 pg) was injected ICV.
Data are expressed as the mean = SD, n =

10. Multiple group comparisons were 60
performed by ANOVA, "p < 0.05, “p < -
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NCS-382 (1, 5, and 25 pg) groups. The aCSF and
NCS-382 groups were injected intrathecally with
aCSF or different doses of NCS-382, respectively.
The emulsified enflurane, isoflurane, and sevoflu-
rane intraperitoneal groups were injected in-
traperitoneally with analgesic doses of emulsified
inhalation anesthetics, and after 5 min, each
group was injected intrathecally with aCSF or dif-
ferent doses of NCS-382. The basal HPPT and
the HPPT at 5, 10, 15, 20, and 25 min after in-
trathecal injection of drugs were observed.

Statistical analysis

Results are expressed as the mean + SD. The
results obtained were statistically treated by ap-
plying the SPSS version 16.0 (SPSS, Chicago,

IL, USA). Multiple group comparisons were per-
formed by ANOVA followed by the Scheffe test.
In HPPT, the difference between baseline and
post-drug was analyzed using paired #-test. A val-
ue of p < 0.05 was considered statistically sig-
nificant.

Results

Effects on sleep

Intracerebroventricular injection of NCS-382
(1, 5, and 25 ug) significantly decreased the
sleeping time of the mice treated with emulsified
enflurane, isoflurane, and sevoflurane (p < 0.05
and 0.01; Figures 1-3).
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Figure 2. Effects of NCS-382 on sleep-
ing time in enflurane-treated mice. NCS- 10 -
382 (1, 5, and 25 pg) was injected ICV. 0 . .
Data are expressed as the mean + SD, n = 0 1 5 95
10. Multiple group comparisons were - S mas
performed by ANOVA, “p < 0.05, “p < Dose Bf O gRadre)
0.01 versus aCSF group.
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20U Figure 3. Effects of NCS-382 on sleep-
s ing time in sevoflurane-treated mice.
] . . NCS-382 (1, 5, and 25 pg) was injected
200 r NCS-382 ICV. Data are expressed as the mean +
SD, n = 10. Multiple group comparisons
= were performed by ANOVA, “p < 0.05,
% 150 F - - “p < 0.01 versus aCSF group.
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Effects on hot-plate

The NCS-382 (1, 5, and 25 pg) groups ex-
hibited no effects on HPPT compared with
baseline values and aCSF groups (p > 0.05;
Figure 4). All the three intraperitoneal emul-
sified inhalation anesthetics significantly in-
creased the HPPT (p < 0.01) compared with
baseline, and the increase of HPPT induced by
three emulsified inhalation anesthetics can be
abolished by intrathecally injected NCS-382
(Figures 5-7).

Discussion

Volatile anesthetics induce a wide spectrum
of clinical effects such as unconsciousness, am-

nesia, analgesia, muscle relaxation, attenuation
of protective reflex, and hemodynamic suppres-
sion. These diverse effects could reflect an inte-
gration of separate pharmacological actions of
anesthetics'*. Although intravenous (i.v.) injec-
tion of liquid volatile anesthetics is invariable
fatal'>!¢, studies in a variety of animals have
shown that i.v. administration of lipid emulsions
of isoflurane or halothane are safe and effective
for induction of anesthesia'”'®. A new formula-
tion of volatile anesthetics has been developed
that incorporates emulsification of these drugs
into a lipid vehicle and, thus, facilitates their ad-
ministration in vivo. Such a preparation may be
clinically useful for anesthetic induction in the
future!!.
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Figure 5. Effect of NCS-382 on the pain

threshold in HPPT in isoflurane-treated 60
mice. NCS-382 (1, 5, and 25 ug) was in- n
jected intrathecally. Data are expressed as 50 i
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Inhalation anesthetics were often administrated
through airway. It needs many specific types of
equipment, and some experiments like HPPT can-
not be done in case of inhalation. In awaken test,
hypnotic doses of emulsified inhalation anesthet-
ics can cause loss of righting reflex in mice, but
hardly influence their breath and circulation func-
tion. In HPPT, we chose the doses of sub-anesthe-
sia intraperitoneal injection to establish the anal-
gesic model. The mice in such a model not only
showed the effects of analgesia, but also had al-
most normal behavior and had no loss of the
righting reflex. Therefore, the analgesia model
can ultimately exclude the sedative effects. There
are some differences between inhalation and in-
traperitoneal injection, for example, sevoflurane
is known to exhibit rapid onset and recovery in
case of inhalation, but the sleeping time and time
course of analgesia of sevoflurane are much
longer than those of other anesthetics. This is be-
cause the onset and recovery velocity are decided
by absorption velocity of anesthetics in case of in-
traperitoneal injection and sevoflurane may be ab-
sorbed more slowly than other anesthetics, and
this also can explain why the dose of sevoflurane
applied to mice was four times that of isoflurane
although the ratio of minimal alveolar concentra-
tion (MAC) between isoflurane (1.15% in hu-
mans) and sevoflurane (1.71%) is about 1.5.

In Awaken test, NCS-382 1, 5, and 25 pg
(ICV) can significantly decrease the ST of the
mice treated with isoflurane, enflurane, or
sevoflurane (p < 0.05 or p < 0.01). This suggests
that NCS-382 may be one of the important tar-
gets for the hypnotic effects of isoflurane, enflu-
rane, and sevoflurane.

In HPPT, NCS-382 1, 5, and 25 pg (it) did not
affect the HPPT in conscious mice (p > 0.05), in
contrast, NCS-382 1, 5, and 25 pg (it) can signif-
icantly decrease the HPPT of the mice treated
with isoflurane, enflurane, or sevoflurane (p <
0.05 or p < 0.01). This suggests that GHBR may
be one of the important targets for the analgesic
effects on thermal-induced nociception of isoflu-
rane, enflurane, and sevoflurane.

Conclusions

We conclude that GHB may be an important
target for the hypnotic and analgesic effects of
emulsified inhalation anesthetics. Further re-
search is needed for the elucidation of post-re-
ceptor mechanisms.
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