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Abstract. Cannabinoids have been reported to have analgesic properties in animals of acute
nociception or of inflammatory and neuropathic pain models, but the mechanisms by which they
exert such alleviative effects are not yet fully understood. We investigated whether the CBr
cannabinoid-receptor agonist HU210 modulates the capsaicin-induced 45Ca2+ influx and
substance P like-immunoreactivity (SPLI) release in cultured rat dorsal root ganglion (DRG)
cells. HU210 attenuated the capsaicin-induced 45Ca2+ influx and this effect was reversed by the
CBi antagonist AM251. Treatment of DRG cells with 100 nM bradykinin for 3 h potentiated
capsaicin-induced SPLI release accompanied with the induction of cyclooxygenase-2 mRNA
expression. The potentiation of SPLI release by bradykinin was reversed by HU21 0 or the protein
kinase A (PKA) inhibitor H-89. HU210 also reduced forskolin-induced cyclic AMP production
and forskolin-induced potentiation of SPLI release. These results suggest that CBi could inhibit
either the capsaicin-induced Ca2+ influx or the potentiation of capsaicin-induced SPLI release by
a long-term treatment with bradykinin through involvement of a cyclic-AMP-dependent PKA
pathway. In conclusion, CBi-receptor stimulation modulates the activities of transient receptor
potential vanilloid receptor 1 in cultured rat DRG cells.

Keywords: CBi cannabinoid receptor, dorsal root ganglion, protein kinase A, substance P,
transient receptor potential vanilloid receptor 1

Introduction

Cannabinoids, the major pharmacologically active
molecules found in the plant Cannabis sativa, not only
attenuate capsaicin-evoked hyperalgesia in rats (1) but
also cause anti-hyperalgesia in a model of neuropathic
pain (2 -4). They are known to bind two cannabinoid
receptors, CBi cannabinoid receptor and CB2 cannab-
inoid receptor. Both receptors are G-protein-coupled
receptors; and the CBi receptor is abundantly expressed
in key areas involved in nociception, including periaque-
ductal gray matter, the dorsal horn of the spinal cord,
and dorsal root ganglion neurons (5, 6), while the CB2
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receptor is predominantly expressed in immune cells (7).
The endocannabinoid anandamide inhibited capsaicin-
evoked neuropeptide release from an isolated rat hind-
paw skin preparation and attenuated inflammatory hyper-
algesia via a CBi-receptor-mediated mechanism when
administered peripherally (8). CBi-receptor immuno-
reactivity has been localized to small as well as large
neurons in cultured rat dorsal root ganglion (DRG)
cells (9). Thus the activation of CBi receptor on these
nociceptive small C-fibers could result in analgesic
effects (8, 10), but the mechanism of nociceptive modu-
lation by the activation of CBi receptor remains unclear.

Transient receptor potential vanilloid receptor 1
(TRPV1), a cloned capsaicin receptor, is a nonselective
cation channel and can be activated by capsaicin, noxious
heat, extracellular protons, and a structurally hetero-
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geneous group of compounds named vanilloids, encom-
passing also the endocannabinoids, anandamide, N-
arachidonoyldopamine and JV-oleoyldopamine (1 1 - 1 5).
Moreover, TRPV1 knockout mice have deficits in
thermal inflammation-induced hyperalgesia (16, 17).
Thus TRPV1 is now considered to be a molecular
detector that perceives various pain stimuli. In cultured
adult rat DRG cells, TRPV1 is co-expressed in as many
as 82% of the CBi-receptor-positive cells, which belong
to a small soma size subpopulation ofDRG neurons (9).
These histological data suggest an anatomical basis of
regulation of nociceptive transmission by cannnabinoids
to modulate the activities of TRPV1.

Bradykinin is a potent pro-inflammatory mediator,
which can stimulate a pain response in various animal
models and in humans (18-22). A line of electro-
physiological studies has shown that bradykinin sensi-
tizes TRPV1 by means of endogenous substances pro-
duced by the activation B2 bradykinin receptors in DRG
cells (13, 23) and by activating protein kinase C (PKC)
(24, 25). We have already observed that bradykinin
sensitizes TRPV1 in cultured rat DRG cells where a
short-term treatment with bradykinin for 1 0 min signifi-
cantly enhances capsaicin-induced 45Ca2+ influx (26).
Thus the activities of TRPV1 can be modulated by
bradykinin, which should lead to the regulation of pain
sensations. However we have confirmed in this study
that a short-term treatment with bradykinin for 10 min
did not potentiate capsaicin-induced substance P-like
immunoreactivity (SPLI) release in our cultured rat
DRG cells. We therefore investigated whether a long-
term treatment with bradykinin for 3 h could modulate
the TRPV1 activities to release SPLI.

To investigate the mechanisms for anti-nociceptive
and anti-hyperalgesic effects by peripheral activation of
CBi receptor, we tested the ability of CBi receptor to
modulate TRPV1 activities in cultured rat DRG cells.
As a result, we observed that the synthetic cannabinoid
receptor agonist HU2 10 inhibited the capsaicin-induced
influx of 45Ca2+ and blocked the facilitation by a long-
term treatment with bradykinin of the capsaicin-induced
SPLI release in cultured rat DRG cells.

Materials and Methods

Materials
HU2 10 ((-)- 1 1 -hydroxy-zl 8-tetrahydrocannabinol-

dimetylheptyl) and AM251 (7V-(4-hydroxyphenyl)
arachidonylamide) were from Tocris Cookson (Bristol,
UK). Dulbecco's modified Eagle's medium was from
Nissui Pharmaceutical Co. (Tokyo). Horse serum and
penicillin and streptomycin were from Gibco BRL
(Gaithersburg, MD, USA). Mouse laminin was from

Upstate Biotechnology (Lake Placid, NY, USA).
Collagenase, capsaicin, capsazepine, forskolin, IBMX
(3-isobutyl-l-methyl-xanthine), and HOE 140 [D-Arg
(Hyp3, Thi5, D-Tic7, Oic8) bradykinin] were from Sigma
Chemical Co. (St. Louis, MO, USA). Trypsin was from
Invitrogen Corporation (Burlington, Canada). Nerve
growth factor (2.5S) was from Promega (Madison, WI,
USA). 45Ca2+ (2.4mCi/ml) was from Amersham
Pharmacia Biotech (Buckinghamshire, UK). [a-32P]UTP
was from Amersham Biosciences (Piscataway, NJ,
USA). Bradykinin was from Peptide Institute, Inc.
(Osaka). H89 (A^-[2-(p-bromocinnamylamino) ethyl]-5-
isoquinolinesulfonamide) was from Seikagaku Corpora-
tion (Tokyo). Capsaicin and forskolin were dissolved in
ethanol and HU210, AM251, and H89 were dissolved in
dimethyl sulfoxide to a concentration of lO mM and
stored at -20°C; then they were used at the indicated
final concentrations in Krebs-HEPES buffer (HO mM
NaCl, 4.5 mM KC1, 1.3 mM CaCl2, 1.2mM KH2PO4,
1.2mM MgSO4, 25 mM NaHCO3, ll.7mM glucose,
5 mMHEPES [pH 7.4]).

Culture of rat DRG cells
Male Wistar rats weighing 200 - 300 g were housed

in cages under a 12-h light/dark cycle with free access
to food and water. All procedures used in the animal
experiments were approved by the Animal Care and
Use Committee of Hiroshima University School of
Medicine. The isolation and culture of adult rat DRG
cells have been described previously (27). In brief, the
cells from the DRG were dissociated using 0.125%
collagenase, 0.25% trypsin, and mechanical trituration.
They were suspended in Dulbecco's modified Eagle's
medium supplemented with 10% horse serum, 4 mM
glutamine, 100 units/ml penicillin, 100 //g/ml strepto-
mycin, and 50 ng/ml 2.5S mouse salivary glands nerve
growth factor. They were seeded at the respective cell
densities: DRG cells from 9 - 10 dorsal root ganglia in
35-mm-diameter tissue culture dishes or DRG cells from
4- 5 dorsal root ganglia in 12-well plates coated with
polyethylenimine and laminin; cells were maintained in
an atmosphere of 5% CO2/ 95% air at 37°C for 5 days
before the experiment. The medium was changed every
3 days. On the fifth day of culture, neurons exhibited
globular cell bodies and fine axonal processes. Various
non-neuronal cells, such as Schwann cells, fibroblasts,
and satellite cells, were also present as background.

Calcium assay
45Ca2+ influx assays were performed as previously

described (26). In brief, the DRG cells grown in 12-well
plates were washed once with Krebs-HEPES buffer
and then exposed to 700 /u\ of Ca2+ free Krebs-HEPES
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buffer containing 0.375 ^Ci/ml 45Ca2+ with or without
capsaicin for 10 min at 37°C. To investigate the effects
ofTRPV1 antagonist and CBi agonist on the reaction to
capsaicin, the DRG cells were pre-incubated with the
test drugs for 10 min and stimulated with capsaicin for
10 min. To stop the reaction, DRG cells were rapidly

placed back into cold Krebs-HEPES buffer, washed two
additional times, and then solubilized with 500 jul of 1 M
NaOH. The radioactivity in aliquots of the solubilized
cell extracts was counted in a liquid scintillation counter.

Cyclic AMP assay
DRG cells cultured in 12-well plates were washed and

incubated with 700 /A of Krebs-HEPES buffer contain-
ing 2 mM 3-isobutyl- l-methyl-xanthine (IBMX, a phos-
phodiesterase inhibitor) at 37°C for 10 min prior to the
incubation with cannabinoids or vehicle for 10 min.
Then the cells were exposed to 700 /A ofKrebs-HEPES
buffer containing forskolin for 20 min. Intracellular
cyclic AMP was measured according to the instructions
of the manufacturer for the enzyme-linked immunoassay
(EIA) kit (Amersham Biosciences, Amersham, UK).

SPLI release assay
DRG cells cultured in 35-mm dishes were washed

once with 1.0 ml of Krebs-HEPES buffer containing
peptidase inhibitors [phosphoramidon ( 1 0 juM), captopril
(10 juM), and bacitracin (40 jug/ml)] and 0.1% bovine
serum albumin; and then they were stimulated with
capsaicin for 10 min at 37°C. To investigate the effect
of the TRPV1 antagonist capsazepine and CBi agonist
HU210 on the response to capsaicin, test drugs were
administered in the culture medium for 10 min before
washing. Then DRG cells were stimulated with capsai-
cin together with the test drugs for 10 min. Aliquots
(500 //I) of the Krebs-HEPES buffer in which the cells
were drug-treated were collected from each dish for a
radioimmunoassay. Radioimmunoassay was performed
as described previously (28). The limit of detection was
5 pg per tube.

Measurement of cyclooxygenase-2 (COX-2) mRNA in
cultured DRG cells

Total RNA in cultured rat DRG cells was prepared by
the method of Chomczynski and Sacchi (29). Measure-
ment of COX-2 mRNA was performed by a ribonu-
clease protection assay as described before (30). In
brief, 32P-UTP radiolabeled antisense RNA probes were
synthesized in vitro using the template CDNA encoding
rat COX-2 (Pcx2, protected segment 517 bases) and rat
/?-actin (PAc, protected segment 230 bases) prepared by
RT-PCR from cultured rat DRG cells. The labeled
probes were 632 bases in length for COX-2 and 278

bases for /?-actin. The radiolabeled antisense RNA
probe for COX-2 (approximately 100,000 cpm) was
hybridized to the total RNA (5- 10/zg) of cultured
DRG cells together with radiolabeled antisense RNA
probe for /?-actin (approximately 5,000 cpm) in hybrid-
ization buffer for 12h at 45°C. After digestion with
RNase A, hybridized and protected RNA was analyzed
by electrophoresis on a 4% polyacrylamide/7 M urea
gel. After electrophoresis, the gels were dried and
exposed to an Imaging Plate to analyze the intensity of
each band using a bioimaging analyzer (BAS 2000; Fuji
Film, Tokyo).

Data analyses
Data are expressed as the mean and S.E,M. from at

least three independent experiments. Analysis of variance
was used to compare the different treatments, and if a
significant difference was observed, the Fisher's PLSD
post hoc test was performed. Differences were considr
ered to be significant when the P value was less than
0.05.

Res u lts

CBi agonist inhibits capsaicin-induced ^Ca2* influx in
DRG cells

Capsaicin induced 45Ca2+ influx in cultured rat DRG
cells in a concentration-dependent manner (Fig. la). The
EC50 value estimated from Hill plots fitted to the data
was 207 nM (n = 5). Co-incubation of the competitive
TRPV1 antagonist capsazepine (10 /jM) completely
abolished the capsaicin-induced 45Ca2+ influx (Fig. lb),
suggesting that this augmentative effect of capsaicin
was mediated by TRPV1.•E

The CBi-receptor agonist HU210 (1 juM) alone had
no significant effect on basal 45Ca2+ influx (97 ± 0.7%
of basal level, n=5), whereas 0.1 or 1//M HU210
significantly reduced the capsaicin-induced 45Ca2+ influx
(Fig. 2). This inhibitory effect of HU210 was reversed
by the CBi receptor antagonist AM251 (1 juM). AM251
(1 juM) did not modulate capsaicin-induced 45Ca2+ influx
(99.6 ± 3.1% ofcapsaicin alone, n = 5) (Fig. 2).

Effects ofHUH O on capsaicin-induced SPLI release
Capsaicin induced SPLI release from cultured rat

DRG cells in a concentration-dependent manner at
concentrations of 10 - 100 nM with an estimated EC50
value of20.3 nM (n = 4). The maximal release of SPLI
was achieved at 100nM concentration. At higher
concentrations of capsaicin (200 - 1000 nM), the amount
of induced SPLI was markedly reduced, producing a
bell shaped dose-response curve (Fig. 3a). Co-incuba-
tion of 10//M capsazepine abolished the 100nM
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Fig. 1. 45Ca2+ influx in cultured rat DRG cells,
a: Concentration-dependent effects of capsaicin
on 45Ca2+ influx in cultured rat DRG cells.
Radioactivities of 45Ca2+ in the cells incubated
with various concentrations of capsaicin for
lOmin at 37°C are shown, b: 45Ca2+ influx in
cultured rat DRG cells incubated with capsaicin
(200nM) in the presence or absence of
capsazepine (10juM) is shown. Values are
expressed as the mean and S.E.M. from 3-5
independent experiments. ***P<0.001, signifi-
cantly different from capsaicin alone.
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Fig. 2. Inhibition of the response to capsaicin in the presence of
HU210 and reversal by AM251 in cultured rat DRG cells. Radio-
activities of 45Ca2+ in the cells incubated with HU210 (0.01, 0.1, or
1 juM) orAM251 (1 fiM) for 10 min,are shown. Values are expressed
as the mean and S.E.M. of the percentage of the increase of the
45Ca2+ above the basal radioactivity in the non-treated cells. The
increase of 45Ca2+ influx in the DRG cells incubated with capsaicin
(200nM, control) was 2569.2+740.3 cpm (n=8). ***P<0.001,
significantly different from the control; **P<0.01, significantly
different from capsaicin plus 1 juM HU210.

capsaicin-induced SPLI release (Fig. 3b), suggesting
that this effect of capsaicin was mediated by TRPV1.

HU210 by itself at a concentration of 1 or 10 juM did
not induce SPLI release, and in contrast to the results of
the 45Ca2+ uptake assay, HU210 at these concentrations
did not affect capsaicin-induced SPLI release (Fig. 4).

Effects ofHU210 on potentiation of capsaicin-induced
SPLI release by bradykinin

In cultured rat DRG cells exposed to 100 nM brady-
kinin for 3 h, capsaicin-induced SPLI release was
increased by 1.5-fold (Fig. 5). Co-incubation ofa protein

kinase A (PKA) inhibitor H89 (10 juM) with bradykinin
completely abolished this potentiation, suggesting this'
bradykinin-induced potentiation of SPLI release was
mediated via a cyclic AMP-dependent PKA pathway.
HU210 at a dose of 1 //M significantly inhibited and
1 0 /jM HU2 10 abolished the bradykinin-induced poten-
tiation ofSPLI release (Fig. 5).

Effect ofbradykinin on COX-2mRNAlevels and cyclic
AMPlevels in DRG cells

Total RNA from cultured rat DRG cells treated with
bradykinin for 3 h was isolated, and the levels ofCOX-2
mRNAwere evaluated. Figure 6a shows the autoradio-
graphy of the ribonuclease protection assay for COX-2
mRNA.COX-2 mRNAwas detected as a 577-bases-
long band, and /?-actin mRNA was detected as an
internal standard at a position corresponding to 230
bases. As described previously (30), low levels of
COX-2 mRNAwere detected in non-treated DRG cells.
Treatment with 1 00 nM bradykinin for 3 h significantly
increased the band densities of COX-2 mRNA(Fig. 6a)
and analysis using a bioimaging analyzer showed that
bradykinin increased the levels of COX-2 mRNA
several fold (Fig. 6b). This induction of COX-2 mRNA
by bradykinin was completely blocked by the brady-
kinin-B2-receptor antagonist HOE 140. We also investi-
gated the effect of bradykinin on intracellular cyclic
AMP production. Treatment with 100 nM bradykinin
for 3 h significantly increased the level of intracellular
cyclic AMP from 10.4± 1.6 to 18.4± 1.2 pmol/well
(P<0.05, n= 5).

Effects ofHU21 0 on theforskolin-induced intracellular
cyclic AMPproduction

CBi receptor is negatively coupled to adenylate
cyclase through Gi/o proteins. We therefore investi-



CB , Receptor Modulates TRPV 1 Activities 381

"5S

C-<S1

300-

250-

200-

150-

100-

50-

o-

300 1

10 100 1000

capsaicin concentration (nM)

control capsazep ine
10hM

capsaicin, lOO nM

Fig.3. Effects of oapsaicin on SPLI release
from cultured rat DRG cells, a: The amount of
SPLI in the Krebs-HEPES buffer surrounding
the cells incubated with various concentrations
ofcapsaicin for 10 min at 37°C is shown, b: The
amount of SPLI in the Krebs-HEPES buffer
surrounding the cells incubated with capsaicin
(100nM) in the presence or absence of
capsazepine (10juM) is shown. Values are
expressed as the mean and S.E.M. from 3 or 4
independent experiments. **P<0.01, signifi-
cantly different from capsaicin alone.

150n

iooH
"Bd

~50H

o-1

capsaicin, 30 nM bradykinin, lOO nM

£nh.
basal 1 10

HU210 (|i-M)

å 1 10

HU210 (nM)

Fig.4. Effects of HU210 on basal or capsaicin-induced SPLI
release from cultured rat DRG cells. The amount of SPLI in the
Krebs-HEPES buffer surrounding the cells incubated with or without
(basal) capsaicin (30 nM) and in the presence or absence ofHU210
(1 or 10/jM) for lOmin at 37°C is shown. Values are expressed as
the mean and S.E.M. from5 independent experiments.

gated the effect of HU210 on forskolin-induced intra-
cellular cyclic AMP production in cultured rat DRG
cells. As non-neuronal cells increase gradually with time
in culture, stimulation of 5-day-cultured DRG cells by
forskolin causes cyclic AMP production derived from
increased non-neuronal cells. We used 1-day-cultured
DRG cells to investigate the function of the CBi
receptor, which is exclusively expressed in sensory
neurons. Forskolin (1 juM) induced a 10-fold increase
of intracellular cyclic AMP production. HU210 (1 or
10 juM) significantly inhibited the forskolin-induced
intracellular cyclic AMP production (Fig. 7a).

Effects of HU210 on potentiation of the capsaicin-
induced SPLI release byforskolin

Treatment with forskolin alone for lO min did not

basal control H89, 10 (J.M

HU210 (nM)

capsaicin, 30 nM

Fig. 5. Effects of HU210 on potentiation of capsaicin-induced
SPLI release by bradykinin in cultured rat DRG cells. The amount of
SPLI in the Krebs-HEPES buffer surrounding the cells pre-incubated
with bradykinin (100 nM) in the presence or absence ofHU210 (1 or
10.//M) for 3h at 37°C and incubated with or without (basal)
capsaicin (30 nM) for 10 min at 37°C is shown. Values are expressed
as the mean and S.E.M. of the percentage of release compared with
that induced by capsaicin alone (control) from 4 -6 independent
experiments. The amount of SPLI released from the cells treated
with capsaicin alone (control) was 107.6 ± 17.8 pg/dish. ***P<0.001,
significantly different from capsaicin alone; **P<0.01, ***P<0.001,
significantly different from capsaicin plus bradykinin.

induce SPLI release (24.7 ± 5.9 pg/dish, basal; 21.6 ±
6.2 pg/dish, 1 juM forskolin). Pretreatment with 1 juM
forskolin (10 min) potentiated capsaicin-induced SP
release by 1.9-fold, in agreement with previous studies
(31, 32). To investigate whether HU210 modulates
the forskolin-induced potentiation of SP release, DRG
cells were pre-incubated with HU210 for 10 min prior
to forskolin treatment. HU210 at a concentration of 1
or 10 juM significantly inhibited the potentiation by
forskolin (Fig. 7b).



382 K Oshita et al

710

COX-2 -

P-actin-

242

PCX2Pac C B B+HM B+H

Fig. 6. Effect ofbradykinin on COX-2 mRNA levels in cultured rat DRG cells, a: Autoradiography of bands for COX-2 mRNA
analyzed by ribonuclease protection assay. The lanes show the labeled probe for COX-2 (PCx2, 632 bases), for /?-actin (Pac, 280
bases), the protected bands ofCOX-2 mRNAfrom non-treated DRG cells (C) or DRG cells incubated with bradykinin (100 nM)
for 3 h without HOE 140 (B) or with (B + H) or size markers (M; pBSSKHpall, 710, 489, 404, 325, and 242 bases), b: Relative
hybridization levels for COX-2 mRNAare expressed as the band intensity ratio of mRNA (intensity of COX-2 mRNA/ intensity
of/?-actin mRNA) in the cultured rat DRG cells determined as described in the legend for panel a. Data represent the mean and
S.E.M. of the percentage of the band intensity ratio compared with that of non-treated cells (control) from 3 independent
experiments. *P<0.05, significantly different from the control.
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Fig. 7. Effects of forskolin on cyclic AMP production and capsaicin-induced SPLI release in cultured rat DRG cells, a: Inhibi-
tion of forskolin-induced cyclic AMP production by HU210. Values are expressed as the mean and S.E.M. of the percent
production compared to that with forskolin alone from 4 independent experiments. *P<0.01, significantly different from the
control, b: Inhibitory effects of HU210 on the potentiation of capsaicin-induced SPLI release by forskolin in cultured rat DRG
cells. The amount of SPLI in the Krebs-HEPES buffer surrounding the cells incubated with or without (basal) capsaicin (30 nM)
and forskolin (1 /jM) in the presence or absence ofHU210 (1 or 10 juM) for lO min at 37°C is shown. Values are expressed as
the mean and S.E.M. of the percentage of release compared with that induced by capsaicin alone (control) from 3 -,6 independent
experiments. The amount of SPLI released from the cells treated with capsaicin (control) was 163 + 13 pg/dish. ***P<0.001,
significantly different from capsaicin alone; *P<0.05, **P<0.0 1 , significantly different from capsaicin plus forskolin.

Discussion

Cannabinoids are likely to attenuate not only capsaicin-
evoked nociception (1) but also hyperalgesia in a model
animal of neuropathic pain (2-4), which might be

involved in both anti-nociceptive and anti-hyperalgesic
effects (8, 10). The mechanisms under which cannab-
inoids exert such dual effects on the sensation of pain
remain unclear. In the present study, we could demon-
strate that CBi-receptor agonist HU210 suppresses



CB i Receptor Modulates TRPV I Activities 383

capsaicin-induced 45Ca2+ influx into cultured rat DRG
cells and also returns potentiation of capsaicin-induced
SPLI release by the addition of forskolin or by a long-
term treatment for 3 h with bradykinin to the level of SP
release induced by capsaicin itself. Each interaction
between the CBi receptor and TRPV1 may be reflected
by a mechanism by which peripheral activation of CBi
receptor produces either anti-nociceptive or anti-hyper-
algesic effects in pain states.

TRPV1 is a nonselective cation channel that is
expressed almost exclusively in the DRG neurons of
small diameter (C-fiber) and is known to be activated
by capsaicin to increase intracellular Ca2+ concentration.
We demonstrated that capsaicin produced a concentra-
tion-dependent increase in 45Ca2+ influx, which was
inhibited by the TRPV1 antagonist capsazepine. The
concentration dependency of the capsaicin-induced
increase of45Ca2+ influx in this study was similar to those
in previous studies (33, 34). In the present study, we
found that HU210 suppressed the capsaicin-induced
45Ca2+ influx by CB,, but not by interacting with TRPV1
directly since the effect of H210 was inhibited by the
CBi antagonist AM251. These inhibitory effects of
CBi-receptor agonists on the activities of TRPV1
basically coincide with the previous study by Millns
etal. (35) who showed that CBi-receptor agonist
inhibited the capsaicin-induced increase of intracellular
Ca2+ concentration in rat DRG neurons. Therefore, the
CB i receptor could regulate intracellular Ca2+ concentra-
tion by modulating the activity of TRPV1, which may
be one of the mechanisms of cannabinoid peripheral
anti-nociceptive effects.

Because CBi-receptor agonists were reported to
inhibit capsaicin-evoked neurotransmitter release (8, 36,
37), we tried to examine the effect of HU210 on
capsaicin-evoked substance P (SP) release in cultured
DRG cells. However, as shown in Fig.4, HU210
unexpectedly did not have any inhibitory effect on either
spontaneous or capsaicin-evoked SP release. Therefore,
wefurther investigated interactions between TRPV 1 and
CBi receptor in sensory neurons. Several lines of studies
have reported that the inflammatory mediator bradykinin
modulates the activities of TRPV1. Bradykinin lowers
the threshold temperature for heat activation of TRPV1
through PKC activation (25), releases TRPV1 from
the inhibitory control of phosphatidylinositol (4,5)-
bisphosphosphate through the phospholipase C signal-
ing pathway (23), and causes production of prostanoids
that sensitize TRPV1 (13). In terms of the potentiation of
capsaicin-induced SP release by bradykinin, a long-term
treatment with bradykinin for 3 h was prerequisite for
an augmentation of SP release in our cells as shown in
Fig. 5. As far as we know, this is the first report that

bradykinin enhances capsaicin-induced SP release by
incubation for 3 h. We observed that the incubation with
bradykinin for 1 0 min potentiated the capsaicin-induced
45Ca2+ influx (26) but did not potentiate the capsaicin-
induced SP release (data not shown). Skoffet al. (38)
also reported that incubation for 1 0 min with bradykinin
did not cause release of SP and did not potentiate the
action of capsaicin in adult rat sensory neurons, unlike
embryonic and neonatal rat sensory neurons. Require-
ment of a long-term treatment with bradykinin suggests
that this effect was exerted through some intermediates
produced by bradykinin. Our finding that bradykinin
induced the expression of COX-2 mRNAand the pro-
duction of cyclic AMP suggest that bradykinin may
induce the production and release of prostaglandin E2,
leading to sensitization of TRPV1 activity through
the cyclic AMP-PKA pathway. Bradykinin has been
reported to cause COX-2 mRNAexpression in cultured
fibroblasts (39) and human airway smooth muscle cells
(40). Furthermore, Jenkinsetal. (41) reported that
prostaglandin E2 is released from adult rat cultured
trigeminal neurons after the incubation with bradykinin
for 1 h. These phenomenon induced by bradykinin might
account one possible mechanism of hyperalgesia in
inflammatory states.

Wedemonstrated that HU2 10 inhibited the potentia-
tion of capsaicin-induced SP release by 3-h treatment
with bradykinin (Fig. 7). CBi is negatively coupled to
adenylate cyclase through Gi/o proteins and the acti-
vities of TRPV1 were reported to be enhanced by the
cyclic AMP-PICA pathway (42 - 44). Thus it is postu-
lated that the inhibitory effect ofHU2 1 0 on the potentia-
tion of capsaicin-induced SP release by bradykinin is
possibly due to the suppression of cyclic AMP produc-
tion by prostanoids formed by COX-2 induced by a
long-term treatment with bradykinin. To elucidate this
possibility, we used forskolin to elevate cyclic AMP.
Forskolin produced intracellular cyclic AMP and was
able to potentiate capsaicin-induced SPLI release by 1.9
fold in our DRG cells, in agreement with previous
studies (31, 32). HU210 had an inhibitory effect on the
production of cyclic AMP, and at concentrations of 1 or
10 juM, it significantly inhibited the potentiation by
forskolin. Furthermore, we demonstrated that the poten-
tiation of SPLI release by bradykinin was completely
blocked by the PKA inhibitor H89. These results suggest
that the CBi receptor can inhibit the potentiating effects
of a long-term treatment with bradykinin by suppressing
adenylate cyclase activities, which may be one of the
mechanisms for the peripheral anti-hyperalgesic actions
of cannabinoids.

The inhibitory effects of HU210 in general are
consistent with several reports of cannabinoid inhibition
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of capsaicin-evoked responses in DRG neurons (33),
in spinal cord (34), and in skin (8, 35). However
Khasabova et al. (45) reported that cannabinoid inhib-
ited the Ca2+ influx evoked by a high potassium concen-
tration, but did not inhibit capsaicin-evoked Ca2+ influx
in cultured adult rat DRG neuron. This discrepancy
about whether cannabinoid inhibited capsaicin-induced
Ca2+ influx or not may be due to the difference of culture
conditions. Khasabova et al. used DRG neurons cultured
with lOO ng/ml nerve growth factor for 20-28 h. The
phenotype of adult DRG neurons changes with time in
culture (46) and nerve growth factor (47). It is possible
that the difference of culture condition affects functional
CBi-receptor expression. In conditions similar to our
preparation (cultured for 1 week with 50 ng/ml nerve
growth factor), the CBi receptor is expressed in 57% of
the total population of cultured adult rat dorsal root
ganglion neurons and TRPV1 is expressed in 42%. They
are co-expressed in as many as 82% of the CBi-receptor-
positive cells in the same preparation (9). Thus, TRPV1
and CBi receptor are co-localized on the same sensory
neurons and CB i receptor may exert a functional inhibi-
tory influence on TRPV1 activities in adult rat primary
afferent neurons.

In conclusion, we have demonstrated that cannnab-
inoids inhibit TRPV1 activity and the sensitization of
TRPV1 mediated by a PKA pathway in primary afferent
neurons. These observations provide new information
about the mechanisms by which peripheral administra-
tion of cannabinoids produces anti-nociceptive and anti-
hyperalgesic effects. Based on these results, we specu-
late that the peripheral application of cannabinoids is a
candidate treatment for therapeutic alleviation of inflam-
mation-induced hyperalgesia.
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ABSTRACT

A Case of Amyotrophic Lateral Sclerosis Diagnosed as a Result of Postoperative Respiratory Failure

Kyoko YAMADA*1, Tetsuhide INOUE*2, Kengo NISHIOKA*2

Shozo HIDAKA*2 and Takashi YOSHIDA*2

*' Department of Anesthesia, Chugoku Rosai General Hospital, Hiroshima, Japan

*2 Department of Anesthesia, Kitakyushu General Hospital, Fukuoka, Japan

A 75-year-old male was scheduled for subtotal gastrectomy

under general anesthesia. Preoperative examinations showed
almost normal status, but vital capacity was 42.5 percent of

predicted value. The operation was completed with no major

complications; however in consideration of possible impairment

of respiratory function, mechanical ventilation was used for

the first postoperative day. The trachea was extubated on the

second postoperative day, but the patient fell in severe

respiratory failure on the third postoperative day, and weaning

from the respirator was difficult because of respiratory muscle

weakness. He diagnosed as having amyotrophic lateral

sclerosis (ALS), based on electromyography conducted

postoperatively. In conclusion, we experienced an unexpected
case of ALS diagnosed as a result of postoperative respiratory

failure. We should consider the possible existence of

neuromuscular disorders when we evaluate patients showing

decreased vital capacity in the absence of lung disease.
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睡眠時無呼吸を呈したHunter症候群の麻酔経験
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・・　　　　　　　　要　　旨　　　　　=--=・

Hunter症候群はムコ多糖が全身に沈着するム

コ多糖症(MPS)のII型であり,麻酔管理上,

気道確保の困難性,呼吸器系合併症が問題とな

る。われわれは気管切開,気管支ファイバーの準

備下で自発呼吸を残したまま緩徐導入し,術後は

予防的に人工呼吸を行い,安全に管理することが

できた。本疾患では術前に上気道の評価を行った

うえで,十分な準備のもとで麻酔導入を行い,術

後も厳重な呼吸管理が必要である。

Hunter症候群は先天性酵素欠損によりムコ多

糖が全身に異常沈着するムコ多糖症(muco-

polysaccharidosis '.以後MPSと略す)のII型に

属するまれな疾患で,気道確保困難,心・呼吸器

系合併症を伴い麻酔管理上さまざまな問題点があ

る。われわれは,睡眠時無呼吸を呈したHunter

症候群の麻酔管理を経験したので報告する。

1.症　　例

患児は2歳1カ月の男児,身長84.7cm,体重

14.1kgであった。帝王切開にて出生し, 1歳時

の検診までに異常を指摘されたことはなかった。

現病歴: 1歳時に気管支炎のため入院。呼吸困

難から不穏状態となり,人工呼吸管理を施行され

ているが,そのさいに気管内挿管が非常に困難で

あったとの指摘を受けた。退院後より睡眠時に呼

吸困難および無呼吸を生じるようになり,しだい

に増悪していった。上気道狭窄,特有な顔貌,体

型よりMPSが疑われ,尿中ムコ多糖分析が施行

'中国労災病院麻酔科
1996年11月19日受頒: 1996年12月25日掲載決定

麻酔46 : 955-958, 1997

達*

された。デルマタン硫酸(DS),ヘパラン硫酸

(HS)の上昇が認められ, MPSと診断された。

上気道狭窄を改善するため,アデノイド切除術が

予定された。

入院時身体所見:ガルゴイル様顔貌(図),短

預,多毛,肝腫大,厨ヘルニアが認められたが,

巨舌,歯肉腫脹,環椎軸椎亜脱臼,明らかな脊椎

の変形はなかった。運動発達は年齢相応であった

が,言語発達遅滞を認めた。

検査所見:血液生化学所見では軽度の肝機能低

下のみで他に異常はなかった。胸部Ⅹ線写真で

は肺野は異常なかったが,肋骨はオール状に変形

しており,心胸郭比は58%と拡大していた。心

電図上不完全右脚ブロックがあり,心エコーでは

心室中隔,左室後壁の肥厚,三尖弁閉鎖不全を認

めたが,心機能は保たれていた。
呼吸状態:安静時より上気道狭窄音を聴取し,

就眠すると陥没呼吸,無呼吸となった。夜間は右



-956一

鼻腔より経鼻エアウェイを輸入し,気道確保,吸

引を行い,睡眠時無呼吸は軽快していた。血液ガ

ス所見では,空気呼吸下でPao2 69.5mmHg,

Paco2 37.4mmHgと軽度の低酸素血症が認めら

れた。耳鼻科で施行された喉頭ファイバーでは,

咽喉頭の軟部組織は浮腫状に腰脹しており,声帯

の肥厚はないものの,声門付近のオリエンテーシ

ョンはつきにくいとの所見であった。また,左鼻

腔はアデノイドで閉塞しており,ファイバーは通

過できなかった。

麻酔経過:気道閉塞の危険性を考慮して前投薬

は投与しなかった。静脈確保を行ったのちに手術

室に入室し,アトロピン0.15mgを静注した。

気道確保困難が予想されたため,夜間使用してい

る経鼻エアウェイ,気管支ファイバー,気管切開

の準備をしたうえで麻酔導入を行った。自発呼吸

を残したまま,純酸素を投与しながらセボフルレ

ン濃度を0.5%から徐々に上げて5%とした。上

気道狭窄音,軽度の陥没呼吸は認められたが,マ

スク換気は十分に可能であった。フェンタニル

50/lg,ベクロこウム2mgを投与し,喉頭展開

したところ術前の喉頭ファイバーの所見どおり,

咽喉頭は浮腫状で,声門は背側がかろうじて観察

された。 2回目の挿管操作で半盲目的に気管内チ

ュ-ブを挿入したO気管内挿管後,気管内,口腔.

内より多量の分泌物を吸引した。麻酔維持は酸

莱-笑気-セボフルレンで行い,吸入気酸素濃度を

0.5-0.66としてSa02を97-100に保ったO術

中の咽頭ファイバー所見では,アデノイドが上咽

頭を占拠しており,左後鼻腔は閉塞していた。ア

デノイド切除後,後鼻腔が見えるようになり,負

呼吸が可能な状態となった。麻酔経過は問題な

く,手術時間は36分,麻酔時間は1時間50分で

あった。手術操作による咽喉頭の腫脹,再出血に

よる気道閉塞が懸念されたため,術後はICUに

て人工呼吸管理を行った。翌日,術後約12時間

後に止血を確認したのち,気管内チューブを抜去

した。術後4日間は夜間は加湿された酸素テント

下で経鼻エアウェイを通じて気道確保するととも

に吸引を行った。徐々に睡眠時無呼吸は改善し,

経鼻エアウェイは不要となった。肺炎,気管支炎

などの呼吸器合併症は起こらず,術後7日目に退
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院となった。後日,酵素診断の結果,スルホイズ

ロン酸スルフアタ-ゼの欠損が認められ,

Hunter症候群と診断された。

2.考　　察

Hunter症候群はMPSのII型で伴性劣性の遺

伝形式をとり,頻度は出生男児3.6-7.8万あた

り1人程度とされている。主な臨床症状として

は,顔貌の異常,肝牌腰,低身長, -ルニア,多

毛,多発性骨異形成,関節の運動制限,心障害,

精神運動発達遅滞がある。気道感染は反復して出

現し,鼻咽腔の変形,巨舌による上気道狭窄,育

椎体の後側響および胸郭発達不良による呼吸運動

の制限などによる呼吸障害が加齢に伴い増強し,

重症型では15歳までに肺炎または心不全で死亡

する1)。まれな疾患であるが,磨ヘルニア,鼠径

ヘルニア,水頭症などを高率に合併し,手術適応

となることが多い。

Hunter症候群の麻酔管理上もっとも問題とな

るのは,気道確保の困難性と呼吸器系合併症であ

る。狭い気管,厚い声帯,上気道の肉厚卑諸組

織,巨舌などが気道狭窄の原因となり,また環軸

関節の不安定のために過度の伸展は避けなければ

ならないため,本疾患に対する気道確保は非常に

困難な場合がある2)。麻酔導入の方法としては,

自発呼吸を残して意識下挿管を行ったという報

告3)や,マスク換気中に分泌物による気道閉塞を

起こしたため急速導入に切り替えたという報

告4),ラリンジアルマスクを用いたという報

告5),気管内挿管は避け局所麻酔を併用したマス

ク麻酔を行ったとの報告6)などがある。本症例で

は術前に睡眠時無呼吸を呈していたが,経鼻エア

ウェイで気道確保が可能であることが判明してい

たため,自発呼吸を残しながらセボフルレン濃度

を徐々に上げていき,マスク換気が可能であるこ

とを確認したのちに筋弛緩薬の投与を行った。今

回は上気道狭窄の解除を目的とした手術であった

ため,術前に睡眠時呼吸障害のパターンの把握,

ファイバーによる鼻腔,咽頭喉頭付近の観察がな

されていたこと,経鼻エアウェイでの気道確保が

可能なことが分かっていたことで,本症例では麻

酔導入を比較的円滑に行うことができた。本疾患
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のように挿管困難が予想される症例では,術前の

気道の状態を評価することは麻酔管理上非常に重

要であるo頭部Ⅹ線写真から挿管困難度の予測

を行うことは一般的に行われているが,軟部組織

の評価は可視範囲にとどまっていることが多いo

術前に耳鼻科医に依頼して喉頭ファイバーの所見

をビデオ撮影し,有用であったとの報告7'もあ

り,本疾患では上気道狭窄の主な原因となる軟部

組織のより詳細で視覚的な評価が必要であると思

ゎれる。また,本症例では手術後にHunter症候

群との確定診断がついたが　MPSでは病型によ

り気道確保困難度が異なるため,術前に明確な診

断をつけるほうが望ましいと思われるo麻酔導入

にさいしては挿管が不可能である可能性を考慮し

て,気管支ファイバー,気管切開などの十分な準

備が必須であり,自発呼吸下に導入を開始し,マ

スク保持が可能であることを確認したうえで筋弛

緩薬を投与するほうがより安全であろう0

本疾患では口腔内,気管内分泌物過多を伴い,

周術期に無気肺,肺炎などの呼吸器合併症を起こ

しやすい。導入時の口腔内分泌過多は気道閉塞,

喉頭痘撃の原因となるため,前投薬としての抗コ

リン薬の投与が有用と思われる。暗泣による分泌

過多を防ぐ目的で鎮静薬を使用したという報告8)

もあるが,術前および術後の呼吸抑制,気道閉塞

を起こす危険性があるため使用しないほうがよい

と思われる。実際,本症例では検査のさいに投与

したリン鞍下リクロルエチルナトリウムで気道閉

塞を起こした既往があり,術前には使用しなかっ

たが,導入時に多少の暗泣はあったものの気道閉

塞を生じるほどの分泌過多はみられなかった。挿

管後は気管内分泌物が多く,術中,術後ともに頻

回の吸引を要した。術前に睡眠時無呼吸などの気

道閉塞症状を示す患者は,術後も高率に気道閉塞

を生じると報告9)されており,抜管は慎重に行う

べきである。抜管後も呼吸器系感染症を予防する

ために暗疾排浬,抗生物質投与を行い,厳重な呼

吸状態の観察が必要であると思われた。

以上　Hunter症候群の麻酔管理上もっとも問

題となるのは気道確保困難,呼吸器系合併症であ

る。術前に上気道の状態の詳細な評価を行ったう

えで,十分な準備のもとで麻酔導入を行い,柿
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中・術後を通して厳重な呼吸状態の観察が必要で

あると思われた。
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ABSTRACT

Anesthetic Management of a Child with Hunter

Syndrome Associated with Sleep Apnea

Kyoko Yamada, Itsuo Nakagawa,

Minoru Kubota, Hiroshi Niinai

and Toru Kamiya

Department of Anesthesia, Chugoku Rosai General

Ho辞ital, Kure, 737-01

A 2-year-old boy with Hunter syndrome was
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scheduled for adenotomy under general anesthesia.

Preoperative examinations of this patient revealed

that he had stridor, sleep apnea, short neck, and a

hypertrophic pharyngeal structure as revealed by

fiberoptic pharyngoscopy, from which we expected

to encounter difficulty in mask ventilation and

tracheal intubation. On standby with settings for an

emergency fiberoptic laryngoscopy and an emer-

gency tracheotomy, we first attempted slow indue-

tion technique preserving spontaneous breathing.

Thereafter mask ventilation was possible and a

muscle relaxant was administerd. On the second

麻　酔:46巻7号

trial, almost blind orotratcheal intubation was sue-

cessful. Postoperatively, mechanical ventilation

was performed for 12 hours, in consideration of the

airway obstruction due to pharyngeal bleeding and

edema.

The most severe anesthetic complication in the

case of Hunter syndrome is the difficulty of intuba-

tion and respiratory disorder. Preoperative evalua-

tion of the upper airway and careful perioperative

monitoring and observaion of respiration are of the

greatest importance.
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ABSTRACT

Positive End-expiratory Pressure Facilitates

washout of Nitrous Oxide in Patients with

Obstructive Pulmonary Disease

Yutaka Yamazaki, Mitsuko Mimura*,

Hajime Sonoda, Sumihiko Seki*

and Akiyoshi Namiki*

Department of Anesthesiology, Kushiro City

General Ho辞ital, Kushiro, 085-0822, * Takikawa

Municipal Ho功ital, Takikawa, 073-0022 and

・sapporo Medical University School of Medicine,

Sapporo, 060-0061

This study was designed to investigate the rela-

tionship between nitrous oxide elimination and

each value of pulmonary function tests : percent

vital capacity, air way resistance and percent of

forced expiratory pressure (FEV!.。%) in patients

undergoing general anesthesia. Furthermore, the
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effect of positive end-expiratory pressure (PEEP)

on nitrous oxide elimination was studied. Thirty

nine patients, anesthetized by oxygen, nitrous oxide

and sevoflurane, were allocated randomly to one of

two groups; one, with PEEP 10 cmH20 during

nitrous oxide elimination and the other, without.

After discontinuation of nitrous oxide, the concen-

tration of nitrous oxide was measured at 15 sec

intervals under controlled ventilation with lOO%

oxygen- sevoflurane.

There was a significant correlation between

nitrous oxide washout time and FEVi.。% (P<

0.05). Patients were further divided into two sub-

groups : FEVi.。% of over 70 % (normal FEV)

and that of less than 70% (low FEV). In the nor-

mal FEV group, the washout time was unaffected

by PEEP. In the low FEV group, the washout times,

with and without PEEP, were 7.07±0.93 min and

9.13±2.32 min, respectively. The difference was

significant (P<0.05).

These results suggest that patients with chronic

obstructive lung disease are at risk of delay in

nitrous oxide elimination. This delay was found to

be preventable with PEEP.
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塩酸ジルチアゼムが内頚静脈血酸素飽和度に及ぼす影響

山田恭子**.中川五男*　久保田　稔*　仁井内　浩*
神谷　達***宋谷英男*　酒井明彦*

I----　=・日日-要　　旨=　　-・--‥=-・,

低用量(2ug・kg-1・min-1)の塩酸ジjt,チ

アゼムを180分間投与し,血中濃度を測定すると

ともを羊脳血流,脳代謝の指標としての内園静脈酸

素飽和度(Sjo2)に及曙す影響を検討した.全経

過を通じて平均血圧, SJ02に有意な変化は認めら

れなかった。血中濃度は有効域に達し,投与中の

動脈血と内頚静脈血ゐ濃度曲線下面横に有意差が

認められた。以上により,本投与量の塩酸ジルチ

アゼムは脳組織内への取り込みが認められたが;

i SJ02には影響を与えないことが示された。

塩酸ジルチアゼムはその冠血管拡張作用により

抗狭心症薬として広く利用されてきたカルシウ・ム

括抗薬であるが,最近では降圧薬として高血圧緊

急症にも用いられている。さらに脳血管障害患者

の急性期の血圧管理にも使われているが,その血

管拡張作用により脳血流を増加させ,頭蓋内圧元

進を惹起する可能性がある1)。われわれは低用量

の塩酸ジルチアゼムが脳血流と脳代謝の指標とし

ての内額静脈酸素飽和度(Sio2)に及ぼす影響を

検討した。

1.対象と方法

対象は内頚動脈閉塞症に対し浅側頭動脈-中大

脳動脈吻合術を予定された患者7症例で,男性4

症例,女性3症例であった。年齢は62±

7 (52-74)歳で,身長156±7cm,体重55.2±

6.5kgであった。患者には研究の概要を説明し,

Ⅰ中国労災病院麻酔科

日中国労災病院麻酔科
(覗:広島大学医学部麻酔・蘇生学教室)

'H中国労災病院麻酔科(覗:吉田総合病院麻酔科)
1997年5月28日受頒: 1997年9月5日掲載決定
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同意を得た。術前合併症として5症例に高血圧,

全症例に脳梗塞,一過性脳虚血発作の既往が認め

られたが,いずれの症例もASAリスク分類2で

'JESS

麻酔前投薬として手術室入室1時間前にジアゼ

ハム5-10mgを経口投与した。麻酔導入はチア

ミラール,フェンタニル,ベクロニウムで行い,

気管内挿管後,酸素2/　mm-　亜酸化窒素4

/・min ',イソフルラン0.5-1%で維持した。

換気量はPac02が35-40mmHgとなるように調

節した。術前に施行された脳血管造影で内園静脈

に走行異常のないことを確認したのち,内項静脈

よ　りSJ02測定用の内預静脈カテーテル

(Opticath�"4F)を挿入し,内預静脈球部に先端

を留置した。手術開始後,関頭,硬膜切開が終了

して循環動態が安定したのち,塩酸ジルチアゼム

の投与を開始し　2us・kg'・min-iで180分

間持続投与を行った。

測定項目は血圧,心拍数, Si02,塩酸ジルチア

ゼム動脈血,内頬静脈血血中濃度とし,塩酸ジル

チアゼム投与前,投与開始後30分ごとに180分

後まで,投与終了後30, 60, 90, 150分の11時

点において測定を行った。検体は採血後ただちに

3000rpmで5分間遠心分離を行い,血費は測定

まで凍結保存した。血祭中濃度はUV-HPLC法

にて定量した。血祭中濃度の解析は山岡らの薬物

速度論用マイクロコンピュータ用プログラム,罪

線形最小自乗法MULTI 2 (BAYES)を用い

て,薬物動態パラメータを算出した。アルゴリズ

ムはシンプレックス法を用い,濃度曲線下面積

(area under the curve '. AUC)は台形公式で算

出した。

数値は平均値±標準偏差で表わした。統計学的
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処理は血圧,心拍数. SJ02についてはANOVA

を, AUCについてはpaired t検定を用いて行

い　P<0.05を有意とした。

2.結　　果

1)血行動態

p平均血圧,心拍数は全経過を通じて有意な変化

は認められなかった。房室ブロック,高度の徐脈

を起こした症例はなかった　Si02も全経過を通じ

て有意な変化は認められなかった(表1)0

2)血中濃度

動脈血では投与開始後より血中濃度は上昇し,

180分後に最高値をとった。投与終了後より血中

濃度は速やかに減少した。内額静脈血血中濃度は

投与中は動脈血とほぼ同様の傾向を示し,投与終

了後は動脈血濃度より高値をとった(表2)0

3)薬物動態パラメータ

動脈血血中濃度より算出した分布容積は2.10

±0.567　kg-1,消失速度定数は0.74±0.14

hr~1,半減期はノ0.97±0.17hr,クリアランスは

1.49±0.23J hi-1・kg~1であった。塩酸ジルチ

アゼム投与中のAUCは動脈血で147±27ng

hr - ml-1内頭静脈血で126±25ng・hr
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ml~1と有意差が認められた。

3.考　　察

カルシウム括抗薬の血管拡張作用は血管平滑筋

のL型カルシウムチャネルに結合し,カルシウ

ムの細胞内流入を遮断することにより発現す

る2)こ脳血管の収縮・弛緩機構は他の末棺血管に

比べL型チャネルへの依存度が高いため,カル

シウム括抗薬の血管収縮抑制作用は脳動脈におい

て選択的に強いことが犬での実験で明らかにされ

ている3)。このことから,カルシウム括抗薬は体

血圧を低下させるが脳血流量を増加させ,頭蓋内

圧元進を惹起して脳漂流圧を下げると考えられて

いる。しかしながら,塩酸ジルチアゼムに関して

は, 180mg-day--1の8週間経口投与で3Xe吸入

法による脳血流量が不変であったとの報告4)があ

るが,ヒトでカルシウム括抗薬投与中の脳血流量

を測定した報告はきわめて少ない。

今回,脳血流と脳酸素代謝の指標としてSJ02を

用いた。 SJ02値はFickの原理の式より以下のご

とく導かれる。

SJ02≒Sao2- (CMR O2/CBF x Hbg)

(Sao2 :動脈血酸素飽和度　CMR 02　脳酸素

表1平均血圧,心拍数, SJ02の変化

投与開始後

30　　　60　　　90　　120　　150　　180

投与終了後

30　　　60　　　90

平均血圧
(mmHg)

心拍数

(bpm)

So2・

(%)

80.0　　77.1　75.7　　73.5　　76.2　　74.7

±4.4　±5.1　±6.9　±7.5　±7.4　±6.8

73.1　72.4　　74.4　　74.1　72.1　72.4

±10.2　±12.4　±7.7　±7.5　±9.0　±10.0

63.6　　64.0　　62.7　　62.7　　62.0　　63.1

±10,4　±9.1 ±10.0　±8.9　±8.2　±7.9

77.0　　75.1　73.8

±6.1　±7.6　　±6.4

69.5　　73.6　　70.t

±8.6　±12.7　±10.5

63.7　　66.0　　66.8

±8.6　±8.4　±9.2

(mean ± SD)

表2　塩酸ジルチアゼム血中濃度の変化

投与開始後　　　　　　　　　　　投与終了後　　: (min)

投与前: 30　　60　　90　120　150　180　　30　　60　　90　150

竿禁ml-1)
内!額静脈血

(ng・ml~1)

26.5　46.7　52.6.　60.7　67.9　75.0 144.7　34.4　28.3 :20.0

±13.5　±10.4　±11.6　±11.8　±10.3　±14.2　±7.7　±5.9　±5.8: ±5・3

185　37.0　44.7　53.7　63.4　69.0 148.2　37.9'　31.8 :19.3

±11.6　±11.4　±12.1　±8.9　±11.9　±13.3　±11.5　±7・0　±7.2　±6・7

(mean± SD)
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消費量, Hbg:血中ヘモグロビン濃度)

よって,動脈血酸素飽和度と血中ヘモグロビン

濃度が一定の場合,脳血流量と脳酸素消費量の比

によって規定される。本研究では測定中に麻酔薬

をほぼ一定に保っており,体温も大きな変化がな

いため脳代謝の変動は軽度であり,脳酸素消費量

の変化は少ないと思われる。また,術中に動脈血

酸素飽和度の変化や急性の出血を来した症例はな

く,動脈血炭酸ガス濃度,吸入気イソフルラン濃

度はほぼ一定に保たれており,さらに脳血流へ大

きな影響を与えるような手術操作はなかった。以

上により,本研究におけるSJ02値は脳血流の動態

を反映すると考えてよいと思われる。したがっ

て,今回の結果から本投与量の塩酸ジルチアゼム

は,脳血流量を変化させないと推察される。この

結果は,正常脳圧患者おいては塩酸ジルチアゼム

は頭蓋内圧を変化させない5),軽度脳圧元進患者

においてもニカルジピン,ニトログリセリンに比

し,脳圧の上昇は軽度であった6)というこれまで

の報告と矛盾しない。

今回の動脈血血中濃度より算出した薬物動態パ

ラメータは上野らの報告7)とほぼ同じであった。

動脈血血中濃度は90分後には冠拡張作用の有効

血中濃度である50ng・ml-1以上に達していた。

また,中毒量である200ng・ml-1を超えた症例

はなかった。動脈血,内頭静脈血間のAUCの較

差は脳組織内に取り込まれた薬物量を表わす。塩

酸ジルチアゼム投与中の180分間のAUCは動脈

血,内頚静脈血間で有意差が認められた。このこ

とから,本投与量の塩酸ジルチアゼムは有効血中

濃度に達し,脳組織内に取り込まれ脳内で何らか

の作用を及ぼしていることが示唆された。これら

の結果より,本投与量は脳内に作用を及ぼすにた

る量であるが,体血圧,脳血流量に有意な影響を

及ぼさず,安全に使用できるものと考えられる。

今回の研究では,高血圧を合併した患者も術前

に内服薬でコントロールされており,導入後に異

常高血圧を呈した患者はいなかった。また,すべ

ての患者は虚血性脳疾患を合併しているため低血

圧を避けねばならず, 2〟g - kg~1・miirlとい

う低用量の投与となった。本投与量は一般に冠血

管収縮抑制作用を期待して用いられる量である

麻　酔:47巻4号

が,実際の臨床でしばしば問題となるのは,頭蓋

内圧元進を伴った高血圧緊急症の患者に対し,体

血圧を低下させる量の塩酸ジルチアゼムを投与し

た場合である。カルシウム括抗薬の脳血流増加作

用は用量依存性とされており8),また脳血流自己

調節能が及ぼす影響も考慮しなければならないた

め,今回の結果をそのままより,高用量の投与量に

適応することは難しく,さらなる検討が必要であ

ろう。また,今回の研究対象となった虚血性脳疾

患合併患者では脳血管の正常な反応性や自己調節

自体が失われている場合があり,また脳血管拡張

物質による脳内盗血現象(intracerebral steal

phenomenon)の可能性もあるため,今回の結果

がそのまま脳疾患のない患者に適応できるかは明

確でない。 SJ02は侵襲的なモニタリングである

ため,脳疾患のない患者における同様の研究の報

告はほとんどないが,今後は正常者での検討も必

要となろう。

以上,低用量の塩酸ジルチアゼムがSJ02に及

ぼす影響を検討した。本投与量では,薬物動態よ

り脳組織に取り込まれていることが示唆された

が>　SJ02に有意な影響は与えなかった。
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We investigated the effect of diltiazem on jugular

bulb oxygen saturation (SJ02) in patients undergo-

ing superficial temporal artery-middle cerebral

artery anastomosis. In the presence of stable vital

signs, diltiazem was administered by continuous

infusion(2fig・kg '・min l).

There was no significant change in blood pres-

sure, heart rate, Sjo in response to diltiazem

administration. The arterial plasma concentration

of diltiazem reached 75±14.2ng・ml"1 after

180 min. The difference of areas under the curve

between the arterial and jugular venous diltiazem

concentrations from start of infusion to the end was

significant. We conclude that this dose of diltiazem

produced effective concentration and uptake in the

brain tissue, but produced no significant effect on

jugular bulb oxygen saturation (SJ02).
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モルヒネによる呼吸抑制に対する

フルマゼテルとビクタリンの作用の比較

笠　羽　敏r治*　竹下美智代*　高　崎　層　弓*

要　　旨=・---

i　モルヒネ(M)による呼吸抑制をフルマゼニル

: (F),またはピタクリン(B)が括抗するのか調

…べた。ラットを用い横隔神経活動を記録した。 M

:を発射リズムがべ⊥スライン'(ベース)の約半分

…になるまで投与した。ここで, FまたはBを,

:続いてナロ~ヰソン(N)を投与した。吸気時間

≡　は, F群はMで0.7から2.-0秒に延長, F投与

:で2.1秒にNでベースに戻った。 B群はMで

: 0.7から1.7秒に延長, B投与で0.8秒に短縮し

Nでベースに戻ったo呼気時間には変化がなか

った。振幅は, F群は山で73%に, F投与で

54%に, Nで125%になった。 B群はMで72%

にB投与で125%に, Nで176%と有意に増加し

た。 Mによる呼吸抑制に対し, Fは効果なく, B

は呼吸回数の増加と吸気運動の増強で括抗した。
..llt..ltt一t一一一一lttt一一t一一一一tt一tltl一tttttt一lt一一一t一tt一t一一一llll一ttttt一一一一tこ

オピオイドとジアゼハム,ミダゾラムなどのが

ンゾジアゼピン(BDZ)系薬物は,鎮静,鎮痛

の目的で通常よく併用される1)。このとき,オピ

オイドによる呼吸抑制,鎮静作用はBDZにより

増強される2)。しかしながら,オピオイドによる

呼吸抑制と他の伝達系との関係において, BDZ

括抗薬のフルマゼこルは,呼吸抑制に対し効果が

ない3)4)捨抗する5),さらに抑制を増強する症例

もある6)との報告も見られ,はっきりしていな

い。 γ-ammobutyric acid (GABA)受容体は

BDZ受容体と複合体を形成している7)。この

GABAによる呼吸抑制もGABA括抗薬のビクタ

リンで括抗することが報告されている8)が,オピ

オイドとの相互作用ははっきりしていない。そこ

ホ宮崎医科大学麻酔学教室
1997年6月5日受領:1997年9月5日掲載決定

麻酔47 : 414-419, 1998
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で,今回,モルヒネによる呼吸抑制に対するフル

マゼこjt,とど.クタリンの括抗作用について検討し

た。

1.対象および方法

実験方法を図1に示す。実験にはラットを用い

た(N-12, 250-370g)。ベントバルビタ-ル

麻酔下(50mg・kg-の腹腔内投与および50

mg・kg"1・h"1で持続静脈内投与)に気管切開

し,人工呼吸器(シナノ　SN480-7)で換気し

た。血圧と動脈血採血のため動脈ラインを,輸液

と薬物の投与のため静脈ラインを確保したoパン

クロニウム(0.3mg・kg-1)にて不動化し,戟

脈血炭酸ガス分圧は45-55 mmHgの範囲に設定

したo両側迷走神経を切除したo背側の頚部を切

開し横隔神経を露出し流動パラフィンにて被覆保

護した。鎖線双極電極を用いて横隔神経の発射活

動を導出記録した。さらに,発射活動は整流し,

0.1秒ごとに積分(日本光電, EI-601-G)した。

信号はオシロスコ-プ(日本光電, VC-ll)に表

示し,記録器(三栄, Omniace, RT2108)で記

録した。ベースラインの記録を行ったのち,モル

ヒネを0.4mg・kg-1・miirで静脈内へ持続投

与し,発射活動のリズムがベ-スラインの約半分

になるまで投与した。その後　5-10分,発射活

動が安定しているのを確かめたのち,ビククリン

(B群, N-6)を0.04mg・kg-1・min-1で10

分間持続投与した。ビククリンは,ジメチルスル

ホキシド(和光純薬)にて溶解した。フルマゼこ

ル〔(アネキセ-トTM,山之内製薬) F艶　一.-

6〕は　0.025mg・kg~1・mirrlで10分間-fe一統

投与した。それぞれビクタリン,フルマゼニルの

呼吸に対する作用を比較し,その後ナロキソンを
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T
to guide platelet transfusion has thus been advocated

by several investigators (2-6). However, it is not clear

whether TEG variables, assessed from the shape of its

tracing, are regulated by platelets quantitatively, be-

cause these variables are concurrently under the influ-

ence of coagulation factors. We examined the modu-

lation of TEG variables by the a甲ount of platelet′

which was controlled by the dilution of platelets into

the patient's plasma without affecting other factors.

We also attempted to evaluate the critical platelet

counts in coagulation by using this technique.

hromboelastography (TEG) analyzes the status

of blood coagulation, including abnormalities as-

sociated with low platelet count (1). Using TEG

Methods

After approval by the local institutional review board,

six volunteers (26-38 yr old; two male′ four female)

scheduled for elective surgery gave their inforrried′

written consent to participate in our study. No

patients received anticoagulant and/or antiplatelet

medications. No patient had any abnormality in coag-

ulation, either clinically or by measurements of pror

thrombin time (PT)′ activated partial thromboplastin

血¥e (aPTT)′ fibrinogen′ bleeding time′ and platelet

count. They received 0.5 mg of atropine and 50 mg of

hydroxyzine IM as premedication approximately 1 h

before anesthesia. Blood samples were obtained just be

fore the induction of general anesthetic from a 20-gauge

plastic cannula inserted in a forearm vein using a two-

syringe technique. After the first 6-10 mL of blood was

This study was supported in part by Grant-in-Aid for Scientific
Research 09771160 from the Ministry of Education, Science and

Culture oりapan.
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drawn and discarded′血e second blood sample was

drawn into a polypropylene tube containing 1.2 mL of

3.8% sodium citrate′ resul血g in 12 mL of dtrated blood.

Platelet-rich plasma (PRP) was obtained by the centrifu-

gation of titrated blood at 240g for 10 min. A one-half

volume of PRP was further centrifuged at 3000g for

5 min to obtain platelet-poor plasma (PPP). PRP and PPP

were mixed at preselected ratios (5:0, 4:1, 3:2, 2:3, 1:4, and

0:5 vol/vol) to give a series of plasma containing various

amounts of platelet from each patient. The platelet count

in each sample was measured by an automated blood

cell/platelet counter (MEK-6108; Nihon Kohden, Tokyo,
Japan) after mixing PRP and PPP. PT′ aPTT′ and the

concentration of fibrinogen of these samples were meas-

ured by the Coagulation Laboratory (ACL 2000; Instru-

mentation Laboratory, Milano′ Italy). There was no sig-

nificant difference in these values among the samples in

each series, which confirmed that the process of mixing

PRP and PPP at various ratios did not influence coagu-
lation factors.

TEG of citrated plas血a was performed by adding
Ca2+. In brief′ 250 fiL of the PRP/PPP mixture was

pipetted into the prewarmed (37-C) cuvette of a

thromboelastograph (Hellige, Freiburg, Germany).

Coagulation was achieved by adding 50 J止of 0.4%

CaCl2 to the plasma. CaCl2 was uniformly mixed by

lowering and raising the pin of the thromboelasto-

graph three to four times before layering liquid par-

affin on the surface of plasma. TEG variables (reaction

time [r], coagulation time [k], and maximal amplitude

[MA]) were measured from each tracing (Fig. 1). All
samples were measured within 3 h after the blood

s ampling.

Statistical analysis included linear regression and

analysis of variance′ followed by Bonferroni′s test for

multiple comparison, as indicated in Results. The sta-

tistical significance of the linear regression was con-

firmed by analysis of variance. A value of P < 0.05

was considered significant. Data are expressed as
mean ± sD.

⑥1999 by the International Anesthesia Research Society
OOO3-2999 / 99
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r(min)

k(min)

Figure 1. The thromboelastogram measurement was commenced

by adding Ca in the titrated plasma. Reaction time (r) was defined

as the time from CaCl2 was added in the cuvette until the amplitude

of the thromboelastogram tracing reached 2 mm. Coagulation time

(k) was defined as the interval when the trace amplitude reached

20 mm after r. Maximal amplitude (MA) was defined as the greatest

amplitude on thromboelastogram tracing.

Res u lts

We studied血e TIiG tracings of 36 samples obtained
from six individual series of citrated plasma contain-

ing various amounts of platelet. Nine samples were

omitted because血e platelet count was tinder血e de-

tection limit of the particle counter. TEG variables

were plo仕ed against the logarithm of platelet count

(IoglO[platelet (/juL)】). A potent linear relationship

between MA and logl。【platelet (/?L)】 was observed

(R2 - 0.739, P < 0.0001) (Fig. 2A-1). An inverse linear

regression of IoglO[platelet (/ju,L)] with k was also

seen′ although the statistical signi丘cance was less po-

tent than with MA {R2 - 0.356, P - 0.001) (Fig. 2B-1).

We found from each individual plot that IoglO[platelet

(/W】 was significantly related to MA in every series′

whereas two of血e six series showed no significant

relationship of IoglO[platelet (/jaL)】 with k (Fig. 2).

In contrast, no significant relationship between

l-gio[platelet (//uL)] and r was observed in every se-

ries (Table 1).

To determine the critical platelet counts in coagula-
tion′ we defined the normal limit of TIiG as the 2sd

limit of each TEG variable from

normal platelet counts (≧150 ×

samplescontaining

103/vL)(Table2).

From each individual plot of MA and k against

IoglO[platelet (/juL)], we calculated the platelet counts

at which a linear regression line surpasses the lower
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Figure 2. A-l, The relationship of the maximal amplitude (MA) in

thromboelastography (TEG) with the logarithm of platelet count

(IoglO[platelet (/juL)]). Six individual series of titrated plasma con-

taming various amounts of platelet were obtained by mixing

platelet-rich plasma and platelet-poor plasma from each patient at
various ratios (n - 27). The measurement of TEG was commenced

by adding Ca in the citrated plasma. A-2 and A-3, Two represen-

tative MA-loglO[platelet (/ ju.L)] plots obtained from individual se-

ries (Patients 1 and 3′ respectively). A similar significant linear

relationship of IoglO[platelet (//aL)] with MA was observed in every

series. B-l′ The relationship of the coagulation time (k) with

IoglO[platelet (//u-L)] obtained from the same patients shown in A-1

(ォ= 27). B-2 and B-3′ Two representative k-logl。tplatelet (//aL)】

plots obtained from the corresponding patients shown in A-2 and

A-3. A significant linear relationships of Iogl。[platelet (/(iiL)】 with k

was observed from four individual series in total six patients.

and longer limits of normal ranges for MA and k,

respectively. The platelet count showing the lower

limit of normal MA range (46.7 mm) was 58 ± 29 ×

107M-L′ and the longer limit of k (8.5 min) was 145 ±

62 × 10 //nL. The values of individual critical platelet
counts are shown in Table 1.

The samples were also grouped into four levels

according to the logarithm of platelet count. A sig-

nificant decrease in MA and a prolongation in k at

platelet cq璽Sノ<66 × Kf/juL′ compared with the

correspondhg values at normal platelet counts

(≧150 × 103/jiiL)′ were observed (Table 2).

Discussion

Platelet aggregation to form a plug at叫ured vascular
endothelium is the initial step of hemostasis. The fol-

lowing coagulation cascade occurs on血e surface of

aggregated platelets because phospholipids in the
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Table 1. Critical Platelet Count Determined from the 2sd Limit of TEG Variables at Normal Platelet

Counts (&150 × 103/vL)

ANESTH ANALG

1999;89 :296 -9

Patient R2

Critical

platelet count
R2　　　p

Critical
plateletc
(xI。3//^鐙tR2

Critical
plateletcount
(XIO3/>Lr n

0.425　0.3481

0.125　0.5586

0.088　0.7028

0.975　0.1336

0.183　0.4725

0.075　0.5982

Mean ±sD

0.735　0.1429

0.009　0.8819

0.913　0.0446*

0.996　0.0424*

0.832　0.0310*

0.947　0.0011*

0.968　0.0162*

0.918　0.0102*

52　　　　0.989　0.0055*

136　　　　0.996　0.0390*

58　　　　0.946　0.0054*

30　　　　0.953　0.0008*

69±46

31

29

89

81

35

81

58±29

4

5

4

3

5

6

n - samples from each subject.

TEG - thromboelastogram.
P<0.05.

The critical platelet count was calculated individually from the linear-regression line.

Table 2. Changes in TEG Variables

Platelet count

( × 10 / juL)　　　　(logarithm)　　　　(min)　　　　　(min)

<66

<100

<150

≧150

ANOVA

(<4.82)

(<5.00

(<5.18)

(≧5.18)

13.6 ± 3.8

ll.0 ± 2.4

12.8 ± 2.9

12.9 ± 2.5

P - 0.5082

10.1 ± 4.8*

7.2 ± 1.9

6.0 ± 1.4

4.7 ± 1.9十

P - 0.0238

ll

5

4

7

Data represent mean ± sD.

n - samples in each group.

TEG - thromboelastogram′ ANOVA - analysis of variance′ MA - maximal amplitude.

* significant difference from normal platelet counts (≧150 × 103/|".L).

十Significant difference from <66 × 103/|U.L platelet counts.

platelet membrane are required for仙e activation of

coagulation factor X and prothrombin (7), which sug-

gests that the amount of platelet influences clot for-

mation. The quantitative abnormality of platelets is

thus an important factor in deciding whether the in-

dication of therapeutics (e.gソplatelet transfusion′ でel

gional anesthesia) is proper during perioperative

management. TEG has been advocated as a useful

guide of blood transfusion practice in cardiac surgery

(2), liver transplantation (3-5), and intensive care med-

icine (6). The diagnostic use of TEG for patients at risk

of coagulopathy, in whom epidural anesthesia is indi-

cated′ has also been attempted by several investigators

(8′9). It has been reported that several TEG variables

are associated with platelet dysfunction (8-10),

whereas the resultant changes in TEG are also influ-

enced by coagulation factors′ causing血e evaluation

complex.

We measured TEG of titrated plasma after recalci血:a-

tion. Our method made it possible to analyze the mod-

ulation of TEG merely by the amount of platelet because

we could obtain a series of plasma with various platelet

counts from one patient at a time without affecting the

concentration of coagulation factors. Using this method,

a potent linear relationship of loglO【platelet (/juL)】with
MA was demonstrated. We then attempted to determine

the critical level of platelet count in coagulation by tyo
approaches. First, from an individual linear regression

line of MA against IoglO[platelet (/J*L)]′ we determined

the critical platelet count at which MA value is less than

血e normal limit′ i.ev mean - 2sd of MA from samples in

normal platelet counts (≧150 × 103/jixL). Because MA

re血ects clot strengthening (1)′ it has been suggested血at

血e abnormality in hemostasis occurs under血e calcu-

lated value (58 ± 29 × lCP/juL). However′血e wide-

spread variance of these individual critical platelet

counts indicated that the sign迫cance of platelet count

regarding血e strength of clot varied among individuals′

possibly due to the complex interaction of platelet func-

tion with o血er factors relating to blood coagulation. We

also studied the individual plot of k as a function of

platelet count. The k time is thought to be affected by the

amount of platelet′ as well as血e concentration of co-

agulation factors, because it represents the velocity to

form a clot as a result of丘brin cross-linkage at the

surface of platelets (1). However, a linear-relationship of

loglO[platelet (/juL)] with k was observed only in two

吐血ds of the six individual series of platelet-containing

plasma, in contrast to that of MA, which was observed in

every series. This indicates that the amount of platelet is

not血e principal factor of血e clot-forming rate and sug-

gests that the calculated critical platelet count for k
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(69±46×103/|uL)hasfurther】limitingvalue′compared

wi血血atforMA.

Thesecondapproachtodeterminingthecritical

plateletcountwastoevaluate血echangeinMA

amongthegroupsclassifiedbythelogarithmofplate-

letcount.Wefound也attheMAofthegroupat

plateletcounts<66×10/jiiLwassignificantly

smallerthan血atof血egroupatnormalplatelet
counts(≧150×103/ju,L).Thektimeofthegroupat

<66×103/juLplateletcountswasalsosignificantly

prolongedcomparedwiththatof也egroupatnormal

plateletcounts′thesameasshownforthechangein

MA.

Insummary,twovariablesofTEG,MAandk,were

linearlyrelatedwithIoglO[platelet(/juL)J.Wepropose

thattheplateletcount<66X103/juLisimplicatedin
theriskofdysfunctiontoformaclot′whereasthe

criticalplateletcountevaluatedbyusingTEGvaried

amongindividuals.
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麻酔と蘇生(平13. 3. 20)

群発頭痛の治療法とその効果-10症例における検討

大下　恭子*,森脇　克行*,福田　秀樹*
前原　康宏*,河本　昌志*,弓削　孟文*

は　じ　め　に

群発頭痛は-側眼席周辺の耐え難い激痛が発作性,群発性,潤

期性に出現する特徴的な頭痛である。同側の眼球結膜充血,鼻汁,

流涙等の自律神経失調症状を伴う1)。病態生理学的に不明な点が

多く,さまざまな治療法が試みられているが,いまだ決定的なも

のはない2)。われわれは,最近10年間に経験した群発頭痛10症例

について治療法とその効果について検討したので報告するo

I　対象　と　方法

1987年から1998年の10年間に当院麻酔科蘇生科外来で加療した

International Headache Society (1988)の周期性群発頭痛

表1治療の有効性判定基準

I.予防療法

1)星状神経節ブロック(SGB) :

SGB施行前または前回のSGB後と,次回のSGBまで

の期間で比較して、発作の回数が減少したか,あるいは

発作時の痔痛の程度や持続時間が短縮し,かつ,治療開

始2週間以内に全体的な発作の回数の減少,あるいは発

`作時の痔痛の緩和,消失が記載されている場合に, SGB

が有効とし,それ以外は無効とした。

2)内服薬物療法:

・ケトチフェン,フルナリジン,ジメトチアジン,リマプ

ロストアルファデクスの予防治療効果は,内服開始後10

日目以降の全体的な発作回数の減少,あるいは発作時の

痔痛の穏和,消失が記載されている場合に有効とし,そ

れ以外は無効とした。

・酒石酸エルゴタミンの予防治療効果は発作予兆時や,発

虎の予測される時間に服用した場合の発作の回避,痔痛

の緩和が記載されている場合に有効とし,それ以外は無

効とした。

Ⅱ.頓挫療法

1)外来治療:

SGB,酸素吸入,眼席上神経ブロックについては,外来

受診中の発作に対して施行され,痔痛が軽減あるいは緩

和したという記載がある場合に有効とし,それ以外は無

効とした。

2)内服薬物治療:

・酒石酸エルゴタミン,非ステロイド系消炎鎮痛剤につい

ては,服用後,療病が軽減,消失するとの記載がある場

合に有効とし,それ以外は無効とした。

第37巻　第1号
9-12

(episodic cluster headache)の診断基準1)を満たす群発頭痛症例

10症例を対象とした。診療記録から施行された治療法とその効果

についてレトロスペクテイブに調査した。治療法は療病発作の予

防を目的としたもの(予防療法),発作時の痔痛軽減を目的とし

たもの(頓挫療法)に分けて検討した。予防療法,頓挫療法の治

療効果判定基準は表1に示した。なお今回の検討では痛みの程度

と頻度に重点を置き,自律神経症状の評価検定は行わなかった。

Ⅱ　結　　　　　果

1)患者背景(表2)

患者の年齢は24-53歳,男性9症例,女性1症例であった。痔

痛側は右側6症例,左側3症例,左右交代性が1症例であった。

発作時期は春,秋の季節の変わりElが多く,発作頻度は1年に1

-2回から6年に1回であった。発作期間は1週間程度のものか

ら5ケ月続くものまでさまざまであったが,いずれも14日以上の

寛解期を有していた。全症例で流涙,鼻汁,発汗などの自律神経

寒調症状をともなっていた0

2)予防療法とその効果(表3)

星状神経節ブロック(以下SGB)は全例において毎日～週1

回施行したが,発作頻度の減少,療病の軽減,発作期間の短縮な

どの効果が全例に認められた。酒石酸エルゴタミン　2-

3mg/dayは9症例において経口投与し, 2症例において発作予

兆時の内服により発作の回避が得られた。抗ヒスタミン作用を有

するフマル酸ケトチフェン2mg/dayを4症例において経口投与

し,うち1症例においては発作の頻度,程度の減少が認められた

が, 3症例では無効であった。フルナリジン10mg/dayは4症

例に投与し,随伴症状の軽減,痔痛の軽減がそれぞれ1例ずつに

認められた。メシル酸ジメトチアジン60mg/dayを4症例に,

リマプロストアルファデクス30,ug/dayを1症例に投与したが

明らかな自覚症状の改善は認められなかった。

3)頓挫療法とその効果(表4)

SGBは発作時5例に施行したが,有効例は1例のみであった。

酒石酸エルゴタミン10-20mgを9症例におY、て処方し, 8症

例で痔痛の軽減が認められた。しかし,そのうち5症例は,一旦

発作が重症化するとェルゴタミン内服が無効となった。酒石酸エ

ルゴタミンが無効であった1症例において眼席上神経ブロック,

sGBの併用で痔痛の軽減が認められた。酸素吸入は外来受診時

に発作がおこった5例で施行し,全例において痔痛が軽減または

消失した。非ステロイド系消炎鎮痛剤は4例中2例で効果を認め

た。

・広島大学医学部麻酔蘇生学教室

Key words:群発頭痛(cluster headache) ,予防療法(prophylactic treatments) ,頓挫療法(abortive treatments)
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表2　患者背景

症例　年齢　性別　部位　　　頻　度　　　時　期　　　期　間　　　自律神経症状

1　24　女　左　1回/年　　　　春,秋　1-3週　　　流涙,鼻汁,発汗

2　　34　男　　左　1回/6年　　　冬～春　5カ月　　　　流涙

3　　35　　男　　右　1回/年　　　　春,秋　1-2カ月　　流涙,鼻汁

4　　41　男　　右　1回/I　　年　春,秋　2-3週　　　流涙

5　　53　男　左　1-2回/年　　春,秋　2週　　　　　流涙,鼻汁

6　　52　男　　両　1-2回/年　　春,秋　1-2カ月　　発汗

7　　40　　男　　右　1回/3年　　　　　秋　　3過　　　　　流涙

8　　44　男　　右　1回/3年　　　　秋　　1過～1カ月　豊明,流漠

9　　39　男　　右　1回/年　　　　春,秋　1週　　　　　流涙

10　48　男　　右　1回/2-　年　春,秋　1週　　　　　流涙,鼻閉

表3　予防療法とその効果

治　　療　　法　　　　　　　　総数　効果あり　　効果なし

星状神経節ブロック

酒石酸エルゴタミン

ケトチフェン(抗ヒスタミン剤)

10　　　10

9　　　　　2　　　　　　7

4　　　　1　　　　　3

フルナリジン(カルシウム措抗薬)　　　　　　4　　　2　　　　　2

ジメトチアジン(抗セロトニン剤)　　　　　　4　　　　0　　　　　4

リマプロストアルファデクス(PGEl誘導体)　1

(症例)

表4　頓挫療法とその効果

治　療　方　法　　　総数　効果あり　効果なし

星状神経節ブロック

酒石酸エルゴタミン

酸素吸入

5　　　1　　　　　4

(3)　1 6

5*　　　5　　　　　0

非ステロイド系消炎鎮痛剤　　4　　　2　　　　2

眼席上神経ブロック　　　　1　　1　　　0　　(症例)

( )は重症発作時

*外来受診時の軽症発作に使用

Ⅲ　考　　　　　察

1)発生機序と治療

群発頭痛は従来,血管性頭痛である片頭痛の亜型として分類さ

れてきた。しかし,最近ではその痛みの性質から二次的な血管径

の変化を伴った神経原性の痛みであると考えられており,

International Headache Society (1988)の分類では片頭痛とは

別の分類にされている。痔痛の発生機序としてはヒスタミン,サ

ブスタンスP,セロトニン,プロスタグランジンなどのケミカル

メディエイター,中枢神経オピオイド,三叉神経軸索反射,内分

描,代謝,免疫因子,自律神経系の異常などがあげられているが,

未だ不明な点が多い3)。従って治療法にも決定的なものはなく,

さまざまな推測に基づく治療が試みられている。今回の検討症例

でもさまざまな治療を試みた。

10

2)予防療法

今回の検討で予防効果が少なくとも1例以上認められたのは,

SGB,フルナリジン,酒石酸エルゴタミン,フマル酸ケトチフェ

ンであった　SGBは発作時には痛みを完全に消失させることは

できなかったが(表4),発作の頻度,痛みの程度を軽減する予

防効果が全例において認められた　SGBの発作予防効果の機序

としては自律神経機能異常の安定化,血管壁の浮腫や炎症の抑制,

交感神経痔痛の遮断などが考えられているが詳細は不明であ

る4)0

カルシウム括抗薬は,発作時に施行された血管造影で認められ

る初期の内頚動脈撃縮5)を抑制することで発作を抑制するとされ

る。臨床的には予防的効果の報告が多数ある6)。しかし効果発現

まで数週間を要するため,あらかじめ予想される発作期の数週前

に投与を開始するべきとされている。今回フルナリジンを投与し

た4症例はいずれも発作期に入ってから投薬を開始しており,ま

だ短期間で無効と判断し投薬を中止した症例もある。患者の来院

直後から継続して投与するなど,予防的投与法についても今後検

討が必要である。

一方,発作期に血中ヒスタミン値が著しく上昇し,ヒスタミン

の皮下注射によって発作が再現されること7)から,群発頭痛発作

の発現にヒスタミンが関与しているとする説がある。フマル酸ケ

トチフェンは肥満細胞からのヒスタミン遊離を抑制し,アレルギ

ー疾患の治療に用いられている。同系列の薬物であるトラトニス

トの投与により血中のヒスタミン億が正常範囲に抑えられ,自覚

症状の軽減が認められたとの報告8)もある。今回の検討では1症
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例においてのみ有効であったが,病態生理から考えて予防的効果

を有する可能性があり,今後症例を重ねて検討する必要がある。

酒石酸エルゴタミンは拡張した脳血管を収縮させ,主に発作時

の頓挫療法として投薬し有用であった。予兆時や発作の予測され

る時間に服用する等,予防的にも用いた。しかしながら完全に発

作を回避することは杜しかった。酒石酸エルゴタミンは予防療法

としてよりむしろ発作早期に服用することで発作の重症化を防ぐ

効果があると考えられる。

3)頓挫療法

発作時の頓挫療法で少なくとも1例以上で効果が認められた治

療は酸素吸入,酒石酸エルゴタミン,非ステロイド系消炎鎮痛剤,

眼席上神経ブロック, SGBであった。酒石酸エルゴタミンは投

与された9症例中8症例において有効であったが,約半数におい

て激痛発作時には無効であった。酸素吸入は脳血管を収縮するこ

とで頭痛を軽減する9)。効果的で副作用のない治療法であるが,

酸素供給源のある場所は限られることが難点である。頓挫療法に

おける神経ブロック療法も同様に治療の汎用性に問題がある。海

外では5-HTID-like receptor agonistであるスマトリブタンの皮

下注が行われ,有効性が確認されている10)。痔痛改善は,脳血管

収縮作用と同時に,セロトニン,サブスタンスPの遊離を抑制

する作用によると孝えられている。本邦でも発売が開始され,育

力な治療薬として期待されている。

今回の検討は,レトロスペクティプな検討であり,また数種類

の治療が併用されていること,診療医により治療法が異なり一貫

した治療法の継続が必ずしもなされていないことなど,治療効果

の判定に制約があった。より正確な治療効果の判定には,今後コ

ントロールされた臨床研究が必要である。

Ⅳ　結　　　　　語

10年間にペインクリニック外来で加療した10症例の群発頭痛息

者についてレトロスペクテイブに検討した。予防的治療としての

星状神経節ブロックの有用性が示唆された。一方,重症発作では

約50%の症例で頓挫療法が無効であった。

確実な発作時の治療薬や予防的治療法の確立が必要である。
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Ten patients with typical cluster headache, nine males and

one female, ranging in age from 24 to 53 years old, were retro-

spectively studied on the efficacy of treatments. Stellate gan-

glion block, ergotamine, ketotifen, flunarizine, dimetotiazine

P.0. 0r prostaglandin El derivatives IV. was applied as pro-

phylactic measures. Stellate ganglion block, supraorbital

nerve block, oxygen inhalation, oral administration of ergota-

mine and NSAIDs were used as abortive treatments when

patients were in the attack. Stellate ganglion block was

effective to alleviate the degree of the oncoming attack and

prolonged the intervals between attacks in all the patients,

but oral and intravenous medications were less effective.

Ergotamme and oxygen inhalation were two of the most effec-

tive abortive treatments for the mild to moderate attack.

Their effective rates were 88.9% and 100%, respectively.

However, the pain was refractory to all of the treatments

when it was severe. Development of more effective prophy-

lactic and strong abortive treatments are mandatory for ade-

quate treatments of cluster headache.
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