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Background. In this study we have assessed vascular pain caused by the i.v. anaesthetic
agent, propofol, using the flexor reflex response and compared this with that of capsaicin in
anaesthetized intact rats.

Methods. Experiments were performed on |33 male Sprague—Dawley rats weighing 280-340 g.
The animals were anaesthetized with urethane (1.3 g kg™ ', i.p.), and an arterial cannula was
inserted to the level of the bifurcation of the femoral artery. The magnitude of the flexor
reflex was examined by recording the electromyogram from the posterior biceps femoris/
semitendinosus muscles.

Results. Our data show that the flexor reflexes evoked by intra-arterial (i.a.) injection of
propofol (1%, 25—100 wl) and capsaicin (0.05-0.2 j1g) were dose dependent. An initial i.a. injection
of procaine (2%, 200 p.l) blocked both responses. Furthermore, the flexor reflex induced by these
chemical stimuli were inhibited by morphine (5 mgkg ™', s.c.) and restored with naloxone (1.5 mg
kg™, s.c.). Pre-treatment with capsazepine (20 pg, i.a.), a selective VR antagonist, inhibited the
capsaicin-evoked response, but not that of propofol. Indomethacin (10 mg kg™', i.p.), a non-
selective cyclo-oxygenase inhibitor, inhibited only the propofol-evoked response and this
recovered with arterial PGE, (5 pg).

Conclusions. Collectively our data suggest that propofol-evoked vascular pain is mainly initiated
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The i.v. anaesthetic propofol (2,6-diisopropyl phenol) has a
good pharmacological profile; for example, rapid induction
and recovery, good maintenance, with no evidence of acute
tolerance.' * These characteristics have enabled successful
use of propofol in target-controlled infusions for clinical
general anaesthesia.® In contrast, i.v. injection of propofol
is painful and often requires pre-treatment with a local
anaesthetic or analgesics, injection into a large vein, or
the need for a suitable vehicle to reduce pain in clinical
applications.*® Recently, it has been suggested that
propofol activates the plasma kallikrein—kinin system,
which induces vascular pain.7 However, there is still little
detailed information on the characteristics of propofol-
evoked pain.

This study investigated the characteristics of propofol-
evoked vascular pain by comparison with capsaicin, a potent
algesic, using a vascular pain-evoked flexor reflex model® in
anaesthetized rats.

Materials and methods

Drugs

The following drugs were used: propofol (1% Diprivan,
Astra Zeneca), capsaicin (0.5 mg ml !, Sigma) dissolved
in vehicle (ethanol 10%, 10% TWEEN 80, 80% Ringer’s
solution) and diluted with Ringer’s solution (5 pg ml~") just
before the experiment, urethane 1.3 g (Sigma) dissolved in
10 ml H,0, lidocaine hydrochloride (5% Xylocaine, Astra
Zeneca), procaine hydrochloride (2% Rocaine, Fuso
Pharmaceutical Industries, Ltd), morphine hydrochloride
(Sankyo Co. Ltd) and naloxone hydrochloride (Sigma) dis-
solved in saline, capsazepine (VRI1 antagonist, Sigma)
dissolved in dimethyl sulfoxide 1% (DMSO, Sigma), indo-
methacin (Sigma) suspended in 0.5% TWEEN 80, and pros-
taglandin E, (Sigma) dissolved in 0.05 ml ethanol and then
diluted with Ringer’s solution (10 wg ml™").
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Propofol and flexor reflex pain model

Dose and route of administration

Propofol (25,50, and 100 1), capsaicin (0.05,0.1,and 0.2 pg),
procaine (200 l), prostaglandin E, (5 pg), capsazepine
(20 wg) and its vehicle were injected into the artery at a
constant rate (0.8 ml minfl) in Ringer’s solution. Lidocaine
(500 g 10 w1~ ") was given by intrathecal (i.t.) injection with
artificial cerebrospinal fluid (CSF; 126.7 mM NaCl, 2.5 mM
KCl, 2.0 mM MgCl,, and 1.3 mM CaCl,, 20 pl min_l).
Morphine hydrochloride (5 mg kg™ '), naloxone hydro-
chloride (1.5 mg kg~ ") and its vehicle were injected subcu-
taneously. Urethane (1.3 gkg '), indomethacin (10 mgkg ")
and its vehicle were administered intraperitoneally.

Animal preparation

The studies were approved by the Committee on Animal
Experiments of Tohoku Pharmaceutical University. All
experiments were performed on male Sprague—Dawley
rats (n=133, Japan SLC), weighing 280-340 g, which
were housed in standard stainless steel cages
(30.0x40.0x20.0 cm, widthxdepthxheight) at a constant
temperature [23 (1)°C] and relative humidity [53 (2)%]
under a 12-h light-dark cycle, with food (CE-2, CLEA
Japan, Inc.) and water ad libitum. Arterial and i.t. cannulae
were made of silicon-coated polyethylene tubing (PE-10)
tapered to an appropriate size by heating. The arterial and i.t.
cannulations were performed simultaneously under urethane
anaesthesia. To reduce spinal cord stimulation, before mak-
ing the incision for cannula insertion, the skin was anaes-
thetized with lidocaine. The arterial cannula was inserted
about 1 cm into the left superficial caudal epigastric artery,
so that the tip of the cannula reached the bifurcation of the

femoral and superficial caudal epigastric arteries. The spinal
cord was exposed via a laminectomy at the L.3—4 level. An
i.t. cannula filled with artificial CSF was inserted caudally
through an opening in the dura, and its tip was carefully
placed in the subarachnoid space at L5-6. One hour after
surgery, the animal was used for the experiment.

Measuring the flexor reflex

The magnitudes of the flexor reflexes in response to arterial
propofol, capsaicin, and a pinching stimulus of the skin on
the hind limb were measured using an EMG of the left
posterior biceps femoris/semitendinosus muscle (Fig. 1).
EMG activity was recorded using concentric needle elec-
trodes (26-gauge, Medtronic Inc.) inserted into the muscles
and a DAT data recorder (RD-135T, TEAC Co.) after amp-
lification with a polygraph (System 360, NEC Co., Japan).
Each EMG was analysed with a signal processor (DP1100,
NEC Co.), which summed the amplitudes (mV) of the col-
lected action potentials every 50 s and displayed the result
in rectified form. For quantitative analysis, the area of the
rectified form within the EMG was integrated (mV s%) and
used as the EMG response. In addition, the latency and
duration of the EMG responses were measured for propofol
and capsaicin stimuli. During the experiments, the rats were
maintained at 37 (1)°C with a heating sheet. All animals
were only used once.

Initial dose—response studies

To determine the doses of propofol and capsaicin to be used
a dose—response curve for the flexion reflex with each agent
was constructed. Increasing doses of propofol (25 1, 50 pl,
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Fig 1 A schematic diagram of recording and analytic methods for assessments of flexor reflex in rats.
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100 pl) and capsaicin (0.05 pg, 0.1 pg, 0.2 pg) were
injected at 60 min intervals in 3 rats in each group (a total
of 6 rats).

Main experimental protocol

The effects of local anaesthetics

The effects of i.a. injection of procaine (200 wl) on propofol-
and capsaicin-evoked EMG responses were examined in two
groups of six rats (a total of 12 rats). Propofol or capsaicin
were injected at 3, 60, and 120 min after the initial procaine
injection. The effect of i.t. injection of lidocaine (500 g
10 w1l ") was performed using a similar protocol (a total of
12 rats). Propofol or capsaicin were injected at 5, 60, and
120 min after the initial lidocaine injection.

Desensitization

The potential for desensitization was evaluated with the
administration of three repeated injections of propofol fol-
lowed by one of capsaicin; or three repeated injections of
capsaicin followed by one of propofol, within a short time
interval (2 min) in six rats in each group (a total of 12 rats).

The effects of opioids

Rats were pre-treated with either morphine (5 mg kg™, s.c.)
and naloxone (1.5mgkg ', s.c.), morphine alone (5 mgkg ',
s.c.) or saline (1 ml kg_l, s.c.) (total 36 rats). Propofol or
capsaicin were then injected at 30, 90, 150, and 210 min after
pre-treatment.

The effect of capsazepine

In the experiments that used capsazepine (20 g, i.a.), meas-
urements of the propofol- and capsaicin-evoked flexor reflex
were carried out at 1 and 60 min after arterial infusions of
capsazepine or its vehicle (500 pl, i.a.) in five rats per group
(a total of 20 rats).

The effect of indomethacin

Five rats were pre-treated with either indomethacin (10 mg
kgfl, i.p.) alone or, indomethacin (10 mg kgfl) and pros-
taglandin E, (5§ pg, i.a.) (injected 55 min after the indome-
thacin) (20 rats). Propofol or capsaicin was injected at 60 and
120 min after pre-treatment with indomethacin. In addition,
propofol was injected at 60 and 120 min after a further five
rats pre-treated with TWEEN 80 (0.5%, 1 ml kgfl, i.p.).

The effect of prostaglandin E,

The effects of prostaglandin E, (5 pg) on the propofol- or
capsaicin-evoked flexor reflex were performed 5 min after
pre-treatment in five rats in each group (10 rats).

Statistical analysis

All data were expressed as the mean (sD). Unless mentioned
specifically in the text, the data were subjected to one-way or
repeated-measures ANOVA. When appropriate, the analysis

included Fisher’s Protected LSD post-hoc test. A
significance level of P<0.05 was applied to all data.

Results

In this study a total of 133 rats were used.

Initial dose—response studies

On the basis of the EMG value, latency and duration (Fig. 2),
we decided to perform the subsequent experiments using
propofol (50 wl) and capsaicin (0.1 pg).

When the propofol (50 wl) and capsaicin (0.1 pg) evoked
responses were compared, EMG values of the flexor reflex
were similar (Table 1). Whilst the duration was similar for
both treatments, propofol latency was about 2 s shorter than
that of capsaicin (Table 1).

Effects of i.a. and i.t. treatment with local
anaesthetics

An initial arterial infusion of procaine through the same
cannula transiently blocked the flexor reflex of the infused
hind limb to propofol and capsaicin administered within
3 min (P=0.0001, one-way ANOVA) (P<0.01, Fig. 3). Similar
depression was found in rats injected with i.t. lidocaine 5 min
after treatment (propofol, P=0.0026, one-way ANOVA; cap-
saicin, P=0.0001, one-way ANovA) (P<0.01, Fig. 3).
Lidocaine i.t. blocked the pinching-evoked flexor reflex at
5 min, while procaine i.a. at 3 min did not (data not shown).

Desensitization

Repeated injection of propofol and capsaicin at 2-min inter-
vals produced desensitization in which the response was
attenuated or disappeared. Cross-desensitization was not
observed between propofol and capsaicin (Fig. 4).

Effects of opioids

The effects of morphine and the antagonist naloxone on
propofol- and capsaicin-evoked flexor reflexes were studied.
As shown in Figure 5, morphine pre-treatment caused a
significant decrease in the EMG response to propofol at
30, 90, 150 (P<0.01), and 210 (P<0.05) min compared
with the vehicle-treated group (P=0.0003, repeated-
measures ANOVA). The EMG latencies were significantly
prolonged at 30 (P<0.05), 90 (P<0.01), 150 (P<0.05), and
210 (P<0.05) min compared with the vehicle-treated group
(P=0.0127, repeated-measures ANOVA, Table 2). In addition,
the duration was significantly reduced at 30, 90, 150, and
210 (P<0.01) min compared with the vehicle-treated group
(P=0.0001, repeated-measures ANOVA, Table 2). Naloxone
completely antagonized these marked inhibitory effects of
morphine on the propofol-evoked flexor reflex (Fig. 5 and
Table 2). Similar effects of opioids on capsaicin-evoked
EMG response and its latency and duration were observed.
Morphine also significantly decreased the EMG responses of
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Fig 2 The effect of increasing doses on i.a. propofol- and capsaicin-evoked rectified EMG (lower) in rats showing EMG value (mVsz), latency (s), and

duration (s) for each dose (a, b, ¢) of propofol and capsaicin (upper).

Table 1 Comparison in the modalities of propofol- and capsaicin-evoked flexor
reflex responses

Substances Latency Duration EMG value
(n=6) [s (sp)] [s (sp)] [mVs® (sp)]
Propofol 50 pl 3.10 (1.42) 18.67 (7.78) 150.99 (35.47)
Capsaicin 0.1 pg 5.31 (0.89) 13.24 (2.90) 168.60 (78.66)

capsaicin at 30-210 (P<0.01) min compared with the saline-
treated group (P=0.0001, repeated-measures ANOVA, Fig. 5).
Overall, morphine significantly prolonged the latency
(P=0.0089, repeated-measures ANOVA) and reduced the
duration (P=0.0008, repeated-measures ANOVA, Table 2).
Naloxone antagonized the effects of morphine (Fig. 5 and
Table 2).

Effects of capsazepine

To determine whether propofol- and capsaicin-evoked
flexor reflexes were modulated via the vanilloid receptor
(VR1), the VRI1 antagonist capsazepine was pre-infused.
Figure 6 shows the effects of capsazepine on propofol-
and capsaicin-evoked EMG responses. Pre-infusion of cap-
sazepine into the artery significantly reduced the capsaicin-
evoked EMG responses at 1 min [30.4 (5.3)%, P<0.01]

compared with the value of the vehicle-infused group [100.6
(11.0)%] (P=0.0027, repeated-measures ANOVA). No differ-
ence was seen between the capsazepine-infused group
[106.3 (38)%] and the vehicle-infused group [104.8
(3.8)%] at 60 min. Simultaneously, capsazepine signifi-
cantly prolonged the latency at 1 min [160.1 (22.3)%,
P<0.05] (P=0.0332, repeated-measures ANOVA) and reduced
the duration at 1 min [58.1 (13.1)%, P<0.05] and 60 min
[93.2 (10.6)%, P<0.05] (Table 2) compared with the vehicle-
infused group (P=0.0025, repeated-measures ANOVA),
whereas the propofol-evoked EMG responses, latencies,
and durations were not affected by capsazepine at any
time (Fig. 6 and Table 2).

Effects of indomethacin and prostaglandin E,

We attempted to determine whether the flexor reflexes to
propofol and capsaicin were related to prostanoids. The
effects of a biosynthesis inhibitor, indomethacin and
prostanoid prostaglandin E, were therefore examined. Pre-
treatment with indomethacin significantly reduced propofol-
evoked EMG responses at 60 min [28.8 (8.2)%, P<0.01],
whilst that at 120 min recovered [97.2 (8.9)%, P=0.2806]
compared with the EMG responses the vehicle-treated
group (P=0.0008, repeated-measures ANova) (Fig. 7).
Although indomethacin significantly prolonged the
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Fig 3 The effects of pre-treatment with (A) procaine (i.a.) and (B) lidocaine (i.a.) on the i.a. propofol- (left) and capsaicin-evoked (right) EMG responses.
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1st —> 2nd —>

ke

Propofol (50 ul)

™ TR

Propofol (50 ul)

A A A

Capsaicin (0.1 ug)

Capsaicin (0.1 ug) Capsaicin (0.1 ug)

—

A A A

Propofol (50 ul)

3rd —> 4th

4_JuMilm.m_

Capsaicin (0.1 ug)

A

Propofol (50 ul)

Fig 4 Typical tracings of the effects of repeated i.a. injections (at 2-min intervals) of propofol (upper) and capsaicin (lower) on the flexor reflex in rats.

latency at 60 min [306.2 (69.2)%, P<0.01] (P=0.0184,
repeated-measures ANOVA), it did not significantly reduce
the duration at any time (Table 2). These effects of indo-
methacin disappeared with arterial pre-infusion of prosta-
glandin E, (Fig. 7). In contrast, the capsaicin-evoked
EMG values, latencies and durations were not affected
by indomethacin at any time (Fig. 7 and Table 2). Based
on the results with indomethacin, we examined the effects
of prostaglandin E, alone on the propofol- and capsaicin-
evoked flexor reflexes. As Figure 8 shows, arterial pre-
infusion of prostaglandin E, alone augmented both
responses at 5 min after infusion. Prostaglandin E,

increased the EMG responses obtained with propofol
[411.9 (45.1)%] and capsaicin [143.2 (8.9)%] compared
with the pre-infusion values, and a significant difference
was seen between propofol and capsaicin (P=0.009,
Mann—Whitney U-test). Furthermore, prostaglandin E,
reduced the latency of the propofol response [35.6
(6.1)%] greater than that of capsaicin [95.0 (12.6)%,
P=0.009, Mann—Whitney U-test] compared with pre-
infusion values, while prostaglandin E, did not affect the
duration of propofol [137.9 (22.1)%] and capsaicin [116.0
(12.2)%] responses, and no difference was seen between
propofol and capsaicin (Fig. 8).
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Fig 5 The effects of pre-treatment with morphine (5 mg kg", s.c.) and naloxone (1.5 mg kg", s.c.) on i.a. (A) propofol- and (B) capsaicin-evoked EMG
responses. *P<0.05, **P<0.01, saline vs morphine; #P<0.01; *P<0.05, morphine vs morphine + naloxone; $P<0.01, saline vs morphine + naloxone (n=0,

Fisher’s Protected LSD test).

Table 2 The effects of pre-treatment with various drugs on the latency (L) and duration (D) of flexor reflex evoked by i.a. propofol and capsaicin. **P <0.01, *P<0.05,
morphine vs saline and morphine + naloxone. *P<0.05, capsazepine vs vehicle. *P<0.01, indomethacin (INDM) vs vehicle and INDM + prostaglandin E, (PGE,)

(Fisher’s Protected LSD test). Data are mean (SD)

Drugs Per cent of pre-treatment

After 30 min 90 min

150 min 210 min

Morphine (n=6)

Propofol; L 1777.6 (1868.1)* 2449.8 (1906.0)** 1564.5 (1956.1)* 1702.3 (1894.9)*
Propofol; D 13.6 (25.0)** 4.6 (11.2)** 10.1 (15.2)** 21.6 (23.9)*%*
Capsaicin; L 473.3 (455.3)* 528.0 (549.6)* 298.8 (381.2) 121.9 (50.9)
Capsaicin; D 32.7 (30.0)%* 35.5 (30.9)%* 59.7 (38.3)* 61.1 (23.7)%
Morphine+naloxone (n=6)
Propofol; L 95.0 (29.9) 93.6 (14.0) 109.5 (55.7) 125.6 (58.0)
Propofol; D 89.4 (30.3) 78.5 (23.1) 87.5 (39.7) 78.8 (32.9)
Capsaicin; L 74.4 (27.3) 104.1 (33.5) 110.7 (33.1) 110.6 (27.2)
Capsaicin; D 81.9 (24.1) 88.5 (32.7) 116.2 (41.5) 94.7 (25.0)
After 1 min 60 min
Capsazepine (n=5)
Propofol; L 136.6 (82.2) 138.2 (65.6)
Propofol; D 101.3 (31.8) 79.0 (59.7)
Capsaicin; L 160.1 (54.5)# 124.3 (26.2)
Capsaicin; D 58.1 (32.2)* 93.1 (26.0)*
After 60 min 120 min
INDM (n=5)
Propofol; L 306.2 (154.6)° 128.7 (90.4)
Propofol; D 48.8 (27.2) 112.8 (67.2)
Capsaicin; L 110.4 (26.6) 134.8 (66.8)
Capsaicin; D 100.4 (20.6) 113.9 (36.9)
INDM+PGE, (n=5)
Propofol; L 107.1 (49.3) 95.7 (27.0)
Propofol; D 87.5 (13.3) 88.7 (14.5)
Discussion indicate that i.a. injection of propofol and capsaicin evokes

We observed that arterial pre-infusion of procaine blocked
arterial propofol- and capsaicin-evoked flexor reflexes, but
not the response to skin pinching. In contrast, i.t. pre-
treatment with lidocaine caused a transient disappearance
of the flexor reflex with all stimuli. These findings explicitly

the spinal flexor reflex via peripheral vascular chemono-
ciceptors. Repeated exposure of the vascular chemono-
ciceptors to algesic substances triggers acute tolerance.” '
Similar results were obtained for both the propofol-
and capsaicin-evoked flexor reflex responses. However,

389

202 Iudy 01 uo 3sanb Aq G898GZ/+8€/€/56/9191LE/Elq/W0d dnodlWapede//:sdRy WOy papeojumoq



Ando and Watanabe

A Propofol B Capsaicin
160 - 120 -
—O— 1% DMSO (n=5)
140 4 —@— Capsazepine (n=5)
100
120
< 80
o 100
£
©
2 4 4
15 80 60
(o}
S
60
* 401
40 -
20
20
O T T T 0 T T T
pre 1 60 pre 1 60

After treatment (min)

Fig 6 The effects of arterial pre-treatment with capsazepine (20 pg) oni.a. (A) propofol- and (B) capsaicin-evoked EMG responses. **P<0.01 vs 1% DMSO
(n=6, Fisher’s Protected LSD test).
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Fig 7 The effects of pre-treatment with indomethacin (INDM, 10 mg kg ', i.p.) on i.a. (A) propofol- and (B) capsaicin-evoked EMG responses.
Prostaglandin E, (PGE,, 5 pg) was infused arterially 55 min after indomethacin treatment. **P<0.01 vs 0.5% TWEEN 80, indomethacin + prostaglandin
E, (n=5, Fisher’s Protected LSD test).

cross-desensitization between propofol and capsaicin was  which are sensitive to several algesics, are widely distributed
not seen, suggesting that the chemonociceptors responding  at peripheral nerve endings, including those between thin
to these substances have different characteristics. A previous myelinated A-fibres and unmyelinated C-fibres.’ Szolcsanyi
investigation showed that vascular chemonociceptors, and colleagues'' reported that i.a. injection of capsaicin
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Fig 8 The potentiating effects of arterial pre-infusion of prostaglandin E, (PGE,, 5 g) oni.a. (A) propofol- and (B) capsaicin-evoked flexor reflex responses
in rats. The upper illustrations are typical tracings of the rectified EMG. **P<0.01 vs capsaicin (n=5, Mann—Whitney U-test).

mainly activated single discharges of the polymodal C-
fibres. Therefore, capsaicin-induced flexor reflexes we
observed may be involved in exciting the vascular chemono-
ciceptors of the polymodal C-fibres, while propofol-induced
flexor reflex may act mainly to excite polymodal Ad-fibres,
as polymodal stimuli-induced impulses are predominantly
conducted by polymodal Ad-fibres in human veins.'?

In clinical studies, i.v. pre-treatment with the opioid alfen-
tanil reduced the pain that occurred after an injection of
propofol.” In this study, arterial propofol and capsaicin
had similar sensitivities to opiate receptors, as s.c. morphine
markedly inhibited the flexor reflexes evoked by both i.a.
propofol and capsaicin, and the antagonist naloxone restored
these depressed responses. The same inhibitory effects of
morphine on arterial bradykinin-evoked flexor reflexes have
been reported in unanaesthetized rats.'> We have also
reported similar results in another animal model of vascular
pain.'* Ours and other studies indicate that vascular
chemonociceptors are generally sensitive to opioids.

The vanilloid receptor (VR1) is located throughout the
central and peripheral sensory nervous systems, mainly on
C-fibres," '® and is sensitive to protons, high temperatures,
and capsaicin in vitro."” Moreover, capsaicin sensitivity is
related to the expression of VR1 mRNA in the sensory
ganglia of rats.'® This evidence indicates that many effects
of capsaicin on the sensory system are exerted via VRI.
Furthermore, capsazepine, a competitive VR1 antagonist,'®
depressed various actions of capsaicin on sensory neurons
either in vivo™ or in vitro.*' In this study, i.a. pre-treatment
with capsazepine markedly depressed the capsaicin-evoked
nociceptive reflex and shortened its latency and duration.

However, it did not entirely depress that of propofol.
Another in vitro study found that propofol did not
influence the function of recombinant rat VR1 receptors.*>
Considering these results and the properties of capsaicin,
the vascular pain related to capsaicin may result from the
activation of intra- or peri-vascular VRI receptors on
C-fibres, while that of propofol may arise from other recept-
ors or mechanisms.

In contrast to the effects of capsazepine on the propofol-
and capsaicin-evoked flexor reflex responses, we observed
that indomethacin, a non-steroid anti-inflammatory drug
(NSAID), strongly depressed propofol-evoked responses.
In contrast, indomethacin had little effect on the
capsaicin-evoked flexor responses. This is supported by
the observation that indomethacin failed to affect the
capsaicin-induced nociceptive cardiac reflexes of dogs.*
We have also already reported that, aspirin, did not inhibit
i.a. capsaicin-induced aversive behaviour in guinea pigs."*
Another clinical study found that i.v. pre-treatment with
aspirin alleviated the pain caused by propofol.”* NSAIDs
exert their effects by inhibiting cyclo-oxygenase (COX) and
consequently prostaglandin production.”> COX exists as two
isomers, COX-1 and COX-2.?® In general, analgesic effects
of these drugs are attributed to their inhibition of COX-2.%’
Nakane and Iwama documented that propofol activated the
plasma kallikrein—kinin system, which resulted in the forma-
tion of bradykinin, a potent endogenous algesic, and caused
pain.” Other studies have demonstrated that NSAIDs block
bradykinin-release of prostaglandin Es, which are involved
in bradykinin-induced pain.”® We have also reported that
arterial bradykinin excites thalamic nociceptive neurons,
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which are inhibited by NSAIDs and restored by arterial
infusion of prostaglandin E,.*° Therefore, our data suggest
that the depressive effects of indomethacin on propofol-
evoked flexor reflexes resulted from inhibition of the activity
of COX-2. In support of this hypothesis, the attenuated
propofol responses were restored to control levels by i.a.
infusion of prostaglandin E,, which is synthesized from
the arachidonate cascade by COX.* Moreover, arterial
prostaglandin E, alone augmented the propofol response
accompanying a shortened latency greater than that of
capsaicin.

In summary, our study revealed several characteristics of
i.a. propofol-evoked pain using a flexor reflex model. The
propofol response was compared with that of capsaicin.
Propofol and capsaicin both evoked the flexor reflex in a
dose-dependent, opioid-sensitive manner, although cross-
desensitization was not observed between propofol and cap-
saicin. The VRI1 antagonist capsazepine depressed only
the capsaicin-evoked responses and not the propofol-
evoked responses. The opposite results were seen in
indomethacin-treated animals. Furthermore, arterial pre-
infusion of prostaglandin E, potentiated the propofol-
evoked responses more strongly than those evoked by cap-
saicin. These results suggest that propofol characteristically
causes vascular pain that occurs in response to prostanoids,
particularly prostaglandin E,.
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