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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 CB:-
cannabinoid-receptor agonist HU210 modulates the capsaicin-induced *Ca® influx and
substance P like-immunoreactivity (SPLI) release in cultured rat dorsal root ganglion (DRG)
cells. HU210 attenuated the capsaicin-induced “*Ca’* influx and this effect was reversed by the
CB, 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 HU210 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 CB, could inhibit
either the capsaicin-induced Ca*" 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, CB;-receptor stimulation modulates the activities of transient receptor
potential vanilloid receptor 1 in cultured rat DRG cells.

Keywords: CB, cannabinoid receptor, dorsal root ganglion, protein kinase A, substance P,
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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, CB, cannabinoid receptor and CB; cannab-
inoid receptor. Both receptors are G-protein-coupled
receptors; and the CB, 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 CB»
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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 CBj-receptor-mediated mechanism when
administered peripherally (8). CB-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 CB; 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 CB, 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 N-oleoyldopamine (11 —15).
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 CB-receptor-positive cells, which belong
to a small soma size subpopulation of DRG 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 B, 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 10 min signifi-
cantly enhances capsaicin-induced *Ca*" 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
CB; receptor, we tested the ability of CB; receptor to
modulate TRPV1 activities in cultured rat DRG cells.
As a result, we observed that the synthetic cannabinoid
receptor agonist HU210 inhibited the capsaicin-induced
influx of “Ca®" 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
HU210  ((-)-11-hydroxy-A8-tetrahydrocannabinol-
dimetylheptyl) and AM251 (N-(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-1-methyl-xanthine), and HOE 140 [D-Arg
(Hyp®, Thi’, D-Tic’, Oic®) 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). #*Ca* (24mCi/ml) was from Amersham
Pharmacia Biotech (Buckinghamshire, UK). [a-**P]UTP
was from Amersham Biosciences (Piscataway, NJ,
USA). Bradykinin was from Peptide Institute, Inc.
(Osaka). H89 (N-[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 10 mM and
stored at —20°C; then they were used at the indicated
final concentrations in Krebs-HEPES buffer (110 mM
NaCl, 4.5 mM KCI, 1.3 mM CaCl,, 1.2 mM KH,PO,,
1.2 mM MgSQOs, 25 mM NaHCOs;, 11.7mM glucose,
5 mM HEPES [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 zg/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% CO,/ 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

“Ca® 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 ul of Ca** free Krebs-HEPES
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buffer containing 0.375 £Ci/ml ¥*Ca* with or without
capsaicin for 10 min at 37°C. To investigate the effects
of TRPV1 antagonist and CB, 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 zlof 1M
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 u1 of Krebs-HEPES buffer contain-
ing 2 mM 3-isobutyl-1-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 u1 of Krebs-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 (10 #M), captopril
(10 zM), and bacitracin (40 xg/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 CB,; 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 w1) 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 Chomezynski and Sacchi (29). Measure-
ment of COX-2 mRNA was performed by a ribonu-
clease protection assay as described before (30). In
brief, **P-UTP radiolabeled antisense RNA probes were
synthesized in vitro using the template cDNA encoding
rat COX-2 (Pcxz, protected segment 517 bases) and rat
S-actin (P4, 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 f-actin. The radiolabeled antisense RNA
probe for COX-2 (approximately 100,000 cpm) was
hybridized to the total RNA (5—10 ug) of cultured
DRG cells together with radiolabeled antisense RNA
probe for S-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.EM. 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 consid-
ered to be significant when the P value was less than
0.05.

Results

CB; agonist inhibits capsaicin-induced ©Ca** influx in
DRG cells

Capsaicin induced “Ca®* influx in cultured rat DRG
cells in a concentration-dependent manner (Fig. 1a). The
ECs value estimated from Hill plots fitted to the data
was 207 nM (n=5). Co-incubation of the competitive
TRPV1 antagonist capsazepine (10 uM) completely
abolished the capsaicin-induced “*Ca** influx (Fig. 1b),
suggesting that this augmentative effect of capsaicin
was mediated by TRPV 1.+ '

The CB;-receptor agonist HU210 (1 zM) alone had
no significant effect on basal ®Ca* influx (97 £0.7%
of basal level, n=5), whereas 0.1 or 1 uM HU210
significantly reduced the capsaicin-induced “Ca*" influx
(Fig. 2). This inhibitory effect of HU210 was reversed
by the CB, receptor antagonist AM251 (1 uM). AM251
(1 #M) did not modulate capsaicin-induced “Ca?" influx
(99.6 £ 3.1% of capsaicin alone, n = 5) (Fig. 2).

Effects of HU210 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 ECsg
value of 20.3 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 uM capsazepine abolished the 100nM
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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 *Ca™ in the cells incubated with HU210 (0.01, 0.1, or
1 M) or AM251 (1 uM) for 10 min.are shown. Values are expressed
as the mean and S.E.M. of the percentage of the increase of the
“Ca”™ above the basal radioactivity in the non-treated cells. The
increase of **Ca®" 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 M 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 M did
not induce SPLI release, and in contrast to the results of
the “Ca* uptake assay, HU210 at these concentrations
did not affect capsaicin-induced SPLI release (Fig. 4).

Effects of HU210 on potentiation of capsaicin-induced
SPLI release by bradykinin

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

capsaicin, 200 nM

Hekk

Fig. 1. “Ca® influx in cultured rat DRG cells.
a: Concentration-dependent effects of capsaicin
on “Ca® influx in cultured rat DRG cells.
Radioactivities of **Ca® in the cells incubated
with various concentrations of capsaicin for
10 min at 37°C are shown. b: **Ca* influx in
cultured rat DRG cells incubated with capsaicin
(200nM) in the presence or absence of
capsazepine (10 #M) is shown. Values are
expressed as the mean and S.EM. from 3—5
independent experiments. ***P<0.001, signifi-
cantly different from capsaicin alone.

capsazepine
10 uM

kinase A (PKA) inhibitor H89 (10 xzM) 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 uM significantly inhibited and
10 M HU210 abolished the bradykinin-induced poten-
tiation of SPLI release (Fig. 5).

Effect of bradykinin on COX-2 mRNA levels and cyclic
AMP levels in DRG cells

Total RNA from cultured rat DRG cells treated with
bradykinin for 3 h was isolated, and the levels of COX-2
mRNA were evaluated. Figure 6a shows the autoradio-
graphy of the ribonuclease protection assay for COX-2
mRNA. COX-2 mRNA was detected as a 577-bases-
long band, and p-actin mRNA was detected as an
internal standard at a position- corresponding to 230
bases. As described previously (30), low levels of
COX-2 mRNA were detected in non-treated DRG cells.
Treatment with 100 nM bradykinin for 3 h significantly
increased the band densities of COX-2 mRNA (F ig. 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-By-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=73).

Effects of HU210 on the forskolin-induced intracellular
cyclic AMP production

CB. receptor ‘is negatively coupled to adenylate
cyclase through Gi/o proteins. We therefore investi-
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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 of HU210
(1 or 10 M) for 10 min-at 37°C is shown. Values are expressed as
the mean and S.E.M. from 5 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 CB,
receptor, which is exclusively expressed in sensory
neurons. Forskolin (1 zM) induced a 10-fold increase
of intracellular cyclic AMP production. HU210 (1 or
10 uM) significantly inhibited the forskolin-induced
intracellular cyclic AMP production (Fig. 7a).

Effects of HU210 on potentiation of the capsaicin-
induced SPLI release by forskolin :
Treatment with forskolin alone for 10 min did not

capsaicin, 100 nM

Fig.3. Effects of capsaicin 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
of capsaicin 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 (10 uM) 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.

capsazepine
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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 of HU210 (1 or
10 uM) 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 uM forskolin). Pretreatment with 1 uM
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 uM significantly inhibited the potentiation by
forskolin (Fig. 7b).
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bases), the protected bands of COX-2 mRNA from 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 mRNA are expressed as the band intensity ratio of mRNA (intensity of COX-2 mRNA / intensity
of S-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 #M) in the presence or absence of HU210 (1 or 10 M) 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 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<0.01, significantly different from capsaicin plus forskolin.

Discussion involved in both anti-nociceptive and anti-hyperalgesic
effects (8, 10). The mechanisms under which cannab-

Cannabinoids are likely to attenuate not only capsaicin- inoids exert such dual effects on the sensation of pain
evoked nociception (1) but also hyperalgesia in a model remain unclear. In the present study, we could demon-

animal of neuropathic ‘pain (2-4), which might be . strate that CBj-receptor agonist HU210 suppresses
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capsaicin-induced *Ca” 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 CB; receptor and TRPV1 may be reflected
by a mechanism by which peripheral activation of CB,
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 Ca®* concentration.
We demonstrated that capsaicin produced a concentra-
tion-dependent increase in **Ca®* influx, which was
inhibited by the TRPV1 antagonist capsazepine. The
concentration dependency of the capsaicin-induced
increase of “Ca*" 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
“Ca”" influx by CB,, but not by interacting with TRPV1
directly since the effect of H210 was inhibited by the
CB, antagonist AM251. These inhibitory effects of
CBi-receptor agonists on the activities of TRPVI1
basically coincide with the previous study by Millns
etal. (35) who showed that CBj-receptor agonist
inhibited the capsaicin-induced increase of intracellular
Ca?" concentration in rat DRG neurons. Therefore, the
CB, receptor could regulate intracellular Ca’>* 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,
we further investigated interactions between TRPV1 and
CB, 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 10 min potentiated the-capsaicin-induced
#Ca® influx (26) but did not potentiate the capsaicin-
induced SP release (data not shown). Skoffetal. (38)
also reported that incubation for 10 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 mRNA and the pro-
duction of cyclic AMP suggest that bradykinin may
induce the production and release of prostaglandin E,,
leading to sensitization of TRPV1 activity through
the cyclic AMP-PKA pathway. Bradykinin has been
reported to cause COX-2 mRNA expression in cultured
fibroblasts (39) and human airway smooth muscle cells
(40). Furthermore, Jenkinsetal. (41) reported that
prostaglandin E, 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.

We demonstrated that HU210 inhibited the potentia-
tion of capsaicin-induced SP release by 3-h treatment
with bradykinin (Fig. 7). CB; 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-PKA pathway (42 —44). Thus it is postu-
lated that the inhibitory effect of HU210 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 uM, 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 CB; 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 Ca>" influx evoked by a high potassium concen-
tration, but did not inhibit capsaicin-evoked Ca?" influx
in cultured adult rat DRG neuron. This discrepancy
about whether cannabinoid inhibited capsaicin-induced
Ca™ influx or not may be due to the difference of culture
conditions. Khasabova et al. used DRG neurons cultured
with 100 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
CBj-receptor expression. In conditions similar to our
preparation (cultured for 1week with 50 ng/ml nerve
growth factor), the CB; 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 §2% of the CB,-receptor-
positive cells in the same preparation (9). Thus, TRPV1
and CB, receptor are co-localized on the same sensory
neurons and CB; 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*!, Tetsuhide INOUE*2, Kengo NISHIOKA*?
Shozo HIDAKA*Z and Takashi YOSHIDA*?

*1 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 postoberative day, and weaning

211

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, Wc;‘vexperienced an unexpected
case of ALS diagnosed as a resﬁit 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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~ 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 Amnesthesia, Chugoku Rosai General
Hospital, Kuve, 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 induc-
tion technique preserving spontaneous breathing.
Thereafter mask ventilation was possible and a
muscle relaxant was administerd. On the second

R OBrid6%72

trial, almost blind orotratcheal intubation was suc:
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 observaijon of respiration are of the

greatest importance.
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phy before and during general anaesthesia.
Acta Anaesthesiol Scand 37: 549, 1993

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 Akiyoeshi NAMIKI***

Department of Anesthesiology, Kushiro City
General Hospital, Kushiro, 085-0822, * Takikawa
. Municipal Hospital, 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 cmH,0 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 100%
oxygen-sevoflurane.

There was a significant correlation between
pitrous oxide washout time and FEV,,% (P<
0.05). Patients were further divided into two sub-
groups : FEV,,% of over 70 % (norrﬁal FEV)
and that of less than 709 (low FEV). In the nor-
mal FEV group, the was’hoﬁf time was unaffected
by PEEP. In the low FEV grotip, 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 resulfs 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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ABSTRACT

Effect of Diltiazem on Jugular Bulb Oxygen
Saturation (Sjoz)

Kyoko YAMADA, Itsuo NAKAGAWA®,
Minoru KuBoTA*, Hiroshi NIINAT*,
Toru Kamiva**, Hideo UNETANI*

and Akihiko SAKATI*

Department of Anesthesiology and Critical Care
Medicine, Hivoshima University School of Medicine,
- Hirvoshima, 734-0037
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Department of Anesthesia, * Chugoku Rosai General
Hospital, Kure, 737-0134 and ** Yoshida General
Hospital, Hivoshima, 731-0501.

We investigated the effect of diltiazem on jugular
bulb oxygen saturation (Sjoz) in patients undergo-
ing superficial temporal artery-middle cerebral
artery anastomosis. In the presence of stable vital
signs, diltiazem was administered by continuous
infusion (2 xg + kg™ » min™").

There was no significant change in blood pres-
sure, heart rate, Sjoz in response to diltiazem
administration. The arterial plasma concentration
of diltiazem reached 75+14.2 ng » ml™* after
180 min. The difference of areas under the curve
betyveen 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 (Sjoa).
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of blood coagulation, including abnormalities as-

sociated with low platelet count (1). Using TEG
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 amount 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.

Thromboelastography (TEG) analyzes the status

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 informed,

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 pro-
thrombin time (PT), activated partial thromboplastin
time (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
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drawn and discarded, the second blood sample was
drawn into a polypropylene tube containing 1.2 mL of
3.8% sodium citrate, resulting in 12 mL of citrated blood.
Platelet-rich plasma (PRP) was obtained by the centrifu-
gation of citrated 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 plasma was performed by adding
Ca®*. In brief, 250 uL 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 uL of 0.4%
CaCl, to the plasma. CaCl, 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
sampling. '

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.

©1999 by the International Anesthesia Research Society
0003-2999/99
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Ca2+
addition

Figure 1. The thromboelastogram measurement was commenced
by adding Ca®* in the citrated plasma. Reaction time (r) was defined
as the time from CaCl, 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.

Results

We studied the TEG tracings of 36 samples obtained
from six individual series of citrated plasma contain-
ing various amounts of platelet. Nine samples were
omitted because the platelet count was under the de-
tection limit of the particle counter. TEG variables
were plotted against the logarithm of platelet count
(logyolplatelet (/uL)]). A potent linear relationship
between MA and log; [platelet (/uL)] was observed
(R* = 0.739, P < 0.0001) (Fig. 2A-1). An inverse linear
regression of log;[platelet (/uL)] with k was also
seen, although the statistical significance was less po-
tent than with MA (R* = 0.356, P = 0.001) (Fig. 2B-1).
We found from each individual plot that log,[platelet
(/ uL)] was significantly related to MA in every series,
whereas two of the six series showed no significant
relationship of log,i[platelet (/uL)] with k (Fig. 2).
In contrast, no significant relationship between
logjolplatelet (/nL)] 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 TEG as the 2sp
limit of each TEG variable from samples containing
normal platelet counts (=150 X 10°/uL) (Table 2).
From each individual plot of MA and k against
log;o[platelet (/uL)], we calculated the platelet counts
at which a linear regression line surpasses the lower
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Figure 2. A-1, The relationship of the maximal amplitude (MA) in
thromboelastography (TEG) with the logarithm of platelet count
(logyolplatelet (/uL)]). Six individual series of citrated plasma con-
taining 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-logq[platelet (/uL)] plots obtained from individual se-
ries (Patients 1 and 3, respectively). A similar significant linear
relationship of log;,[platelet (/ uL)] with MA was observed in every
series. B-1, The relationship of the coagulation time (k) with
logyolplatelet (/uL)] obtained from the same patients shown in A-1
(n = 27). B-2 and B-3, Two representative k-log,o[platelet (/uL)]
plots obtained from the corresponding patients shown in A-2 and
A-3. A significant linear relationships of log,q[platelet (/ uL)] 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 X
10%/uL, and the longer limit of k (8.5 min) was 145 +
62 X 10°/ pL. 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 counts’ <66 X 10®°/uL, compared with the
corresponding values at normal platelet counts
(=150 X 10%/ L), were observed (Table 2).

Discussion

Platelet aggregation to form a plug at injured vascular
endothelium is the initial step of hemostasis. The fol-
lowing coagulation cascade occurs on the surface of
aggregated platelets because phospholipids in the
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Table 1. Critical Platelet Count Determined from the 2sp Limit of TEG Variables at Normal Platelet

Counts (=150 X 10°/pL)

r k MA
Critical Critical Critical
platelet count platelet count platelet count
Patient R? P (X10%/puL)? R? P (X10%/pLy R? P (X103/ply n
1 0425 0.3481 0.735 0.1429 0.968 0.0162* 31 4
2 0.125 0.5586 0.009 0.8819 0.918 0.0102* 29 5
3 0.088 0.7028 0.913 0.0446* 52 0.989 0.0055* 89 4
4 0.975 0.1336 0.996 0.0424* 136 0.996 0.0390* 81 3
5 0.183 0.4725 0.832 0.0310* 58 0.946 0.0054* 35 5
6 0.075 0.5982 0.947 0.0011* 30 0.953 0.0008* 81 6
Mean *sp 69 + 46 58 = 29
n = samples from each subject.
TEG = thromboelastogram.
*P < 0.05.
7 The critical platelet count was calculated individually from the linear-regression line.
Table 2. Changes in TEG Variables
Platelet count T k MA
(X10*/ul) (logarithm) (min) (min) (mm) n
<66 (<4.82) 13.6 = 3.8 10.1 = 4.8 35.5 + 10.6* 11
<100 (<5.00) 11.0 £ 24 72+19 48.8 = 4.4% 5
<150 (<5.18) 12.8 29 6.0*+14 54.0 = 6.5t 4
=150 (=5.18) 129 £ 25 47 + 1.9t 589 = 6.1t 7
ANOVA P = 0.5082 P = 0.0238 P < 0.0001

Data represent mean * sp.
n = samples in each group.

TEG = thromboelastogram, ANOVA = analysis of variance, MA = maximal amplitude.

* Significant difference from normal platelet counts (=150 X 103/ wl).
t Significant difference from <66 X 10%/pL platelet counts.

platelet membrane are required for the 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., platelet transfusion, re-
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 the evaluation
complex.

We measured TEG of citrated plasma after recalcifica-
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 logjcfplatelet (/uL)] with
MA was demonstrated. We then attempted to determine

the critical level of platelet count in coagulation by two
approaches. First, from an individual linear regression
line of MA against log;g[platelet (/ uL)], we determined
the critical platelet count at which MA value is less than
the normal limit, i.e., mean — 25D of MA from samples in
normal platelet counts (=150 X 10°/uL). Because MA
reflects clot strengthening (1), it has been suggested that
the abnormality in hemostasis occurs under the calcu-
lated value (58 + 29 X 10°/uL). However, the wide-
spread variance of these individual critical platelet
counts indicated that the significance of platelet count
regarding the strength of clot varied among individuals,
possibly due to the complex interaction of platelet func-
tion with other 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 the concentration of co-
agulation factors, because it represents the velocity to
form a clot as a result of fibrin cross-linkage at the
surface of platelets (1). However, a linear-relationship of
logjolplatelet (/uL)] with k was observed only in two
thirds 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 the principal factor of the clot-forming rate and sug-
gests that the calculated critical platelet count for k
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(69 *+ 46 X 10°/ uL) has further limiting value, compared
with that for MA.

The second approach to determining the critical
platelet count was to evaluate the change in MA
among the groups classified by the logarithm of plate-
let count. We found that the MA of the group at
platelet counts <66 X 10°/uL was significantly
smaller than that of the group at normal platelet
counts (=150 X 10%/uL). The k time of the group at
<66 X 10°/uL platelet counts was also significantly
prolonged compared with that of the group at normal
platelet counts, the same as shown for the change in
MA.

In summary, two variables of TEG, MA and k, were
linearly related with logy[platelet (/ uL)]. We propose
that the platelet count <66 X 10°/uL is implicated in
the risk of dysfunction to form a clot, whereas the
critical platelet count evaluated by using TEG varied
among individuals.
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ABSTRACT

Treatment for Cluster Headache—A Study of 10 Cases

Kyoko OSHITA*, Katsuyuki MORIWAKI*, Hideki FUKUDA*
Yasuhiro MAEHARA*, Masashi KAWAMOTO* and Osafumi YUGE *

* Department of Anesthesia and Critical Care Medicine, Hiroshima University, Faculty of Medicine, Hiroshima, Japan

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.O. or prostaglandin E1 derivatives 1.V. 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

12

prolonged the intervals between attacks in all the patients,
but oral and intravenous medications were less effective.
Ergotamine 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.





