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Effects of FK224, a Novel Cyclopeptide NK1 and NK2
Antagonist, and CP-96,345, a Nonpeptide NK1
Antagonist, on Development and Maintenance of
Thermal Hyperestbesia Evoked by Carrageenan

Injection in the Rat Paw

Tatsuo Yamamoto, M.D.,* Naohito Shimoyama, M.D.,* Tadanobu Mizuguchi, M.D.1

Background: The role of tachykinins, such as substance P
and neurokinin A, in the development or maintenance of
thermal hyperesthesia during inflammation is unclear. In the
current study, the authors examined the role of NK1 and NK2
receptors on the thermal hyperesthesia evoked by injection
of carrageenan into the rat paw using FK224, a cyclopeptide
NK1 and NK2 antagonist, and CP-96,345, a nonpeptide NK1
antagonist. _ §

Methods: In rats injected with 2 mg carrageenan, the paw
withdrawal latency (PWL) for the injected paw was typically
5-6 s less than that for the untreated paw, at 2 h after the
carrageenan injection. In the pretreatment study, drugs were
administered intravenously or intrathecally 10 min before the
carrageenan injection. In the posttreatment study, drugs were
administered intravenously or intrathecally 2 h after the car-
rageenan injection. o

Results: In the pretreatment study, both intravenous CP-
96,345 and intravenous FK224 blocked the development of
thermal hyperesthesia and reduced paw edema in a dose-de-
pendent manner 2 h after the carrageenan inj'ection. The effect
of CP-96,345 on thermal hyperesthesia was stereospecific, but
that on paw edema was not. Posttreatment with intravenous
CP-96,345 and intravenous FK224 failed to reduce the level of
thermal hyperesthesia or paw edema, and intrathecal injec-
tions, either pre- or posttreatment, had no effect on thermal
hyperesthesia or paw edema.

Conclusions: These data indicate that: 1) spinal NK1 and NK2
receptors do not play an important role in development and
maintenance of thermal hyperesthesia evoked by paw car-
rageenan, and 2) the peripheral NK1 receptor may play an
important role in the development of thermal hyperesthesia,
but not of paw edema. (Key. words: Antagonists, NK1: CP-
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THE tachykinins, such as substance P (sP), neurokinin
A (NKA), and neurokinin B (NKB), share the common
C-terminal sequence Phe-X-Gly-Leu-Met-NH,, and are
found throughout the peripheral and central nervous
system. These peptides exert various biologic actions
that are mediated by multiple receptors, and these re-
ceptors have recently been classified into three sub-
types: NK1, NK2, and NK3, of which sP, NKA, and NKB
are the most potent natural ligands, respectively.! Sub-
stance P and NKA are colocalized to a population of
capsaicin-sensitive neurons that are believed to be no-
ciceptive afferents.?

When the peripheral terminals of polymodal afferent
C-fibers are stimulated chemically or electrically, a
neuropeptide, such as sP, is released from these ter-
minals.”® It has been reported that sP induces vasodi-
latation, plasma extravasation, and hyperalgesia when
injected subcutaneously or intraarticularly.®” In the rat
formalin model, intrathecal CP-96,345, a nonpeptide
NK1 antagonist,® attenuates the flinching response in-
duced by paw formalin in a dose-dependent manner.’
Small afferent neurotoxins, such as capsaicin, will de-
plete dorsal horn sP and produce a significant thermal
antinociception.'®'! Thus, NK1 receptors may play an
important role in the nociceptive information trans-
mission in both the peripheral nervous system and the
spinal cord.

It has been reported that intracutaneous sP, but not
NKA4, induced cutaneous pain, but NKA potentiated the
algesic effects of sP when NKA and sP were coadmin-
istered intracutaneously in humans.'? In the spinal cord
of rats, a synergistic interaction between sP and NKA
has been reported when sP and NKA were coadminis-
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tered intrathecally.'® These data indicated that both
NK1 and NK2 receptors are involved in the nociceptive
information transmission, either at peripheral sites or
in the spinal cord.

Recently, a novel cyclopeptide NK1 and NK2 antag-
onist, FK224, has been reported.'? FK224 inhibits air-
way constriction and airway edema induced not only
by exogenous sP and NKA, but also by the endogenous
neurotransmitters released by neurogenic stimula-
tion.’> Carrageenan injection into the rat hind paw
plantar surface induces edema, hyperthermia, and hy-
peresthesia, and this carrageenan-induced hyperes-
thesia has been used as an animal model for the hy-
peresthesia during inflammation.'®!”'® We previously
reported that intrathecal CP-96,345 had no effect on
the maintenance of thermal hyperesthesia evoked by
carrageenan injection, and this data indicates that spinal
NK1 receptor does not play an important role in main-
taining thermal hyperesthesia. In the current study, to
clarify the role of peripheral NK1 and NK2 receptors
in the carrageenan model, we studied the effects of
intravenous FK224 on the thermal hyperesthesia in-
duced by carrageenan injection in the paw, and com-
pared the effects of FK224 with that of CP-96,345. In
addition, we examined the interaction between spinal
NK1 and NK2 receptors in the carrageenan model by
defining the effects of intrathecal FK224 and intrathecal
CP-96,345 on thermal hyperesthesia evoked by carra-
geenan injection.

Materials and Methods

The following investigations were carried out under
a protocol approved by the Institutional Animal Care
Committee, Chiba University. Male Sprague-Dawley rats
(250-300 g) were prepared with either chronic intra-
venous catheters or intrathecal catheters, and examined
for the effects of agents on the thermal hyperesthesia
evoked by carrageenan injection.

Intravenous Catheters

Chronic intravenous catheters were inserted into one
jugular vein under pentobarbital anesthesia (50 mg/
kg, intraperitoneally). The catheter was externalized
on the back of the neck and sealed with a piece of steel
wire. Animals were allowed to recover for 3 days before
being used experimentally. All animals postoperatively
displayed normal feeding and drinking behavior.
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Intrathecal Catbeters ‘

Chronic intrathecal catheters were inserted during
isoflurane anesthesia by passing a PE 10 catheter
through an incision in the atlanto-occipital membrane
to a position 8 cm caudal to the cisterna at the level
of the lumbar enlargement.'® The catheter was exter-
nalized on the top of the skull and sealed with a piece
of steel wire. The wound was closed with 3-0 silk su-
tures. Rats showing neurologic deficits postopeératively
were killed and discarded.

Carrageenan Test

Two milligrams of lambda carrageenan (Sigma, C-
3889, Sigma, St. Louis, MO) was injected, via a 24-G
needle, subcutaneously (SC) in the plantar surface of
the right hind paw under isofturane anesthesia. Lambda
carrageenan was suspended in normal saline by soni-
cation, and was administered in a 0.1-ml injection vol-
ume. After recovering from isoflurane anesthesia, the
animals were placed in a plexiglass box that permitted
observation.

Paw edema was estimated as an index of inflammation
by measuring the dorsal-plantar paw width with a ver-
nier caliper (to 0.1 mm) before carrageenan injection
and 2 and 3 h after carrageenan injection.

Thermal Nociceptive Test

Paw withdrawal latency (PWL) was measured with a
device similar to that previously employed.!” The rats
were placed beneath a clear plastic cage (10 X 20 X
24 cm) on an elevated floor of clear glass (2 mm thick).
A radiant heat source (Eye projector halogen lamp JRC-
12V-100W; Iwasaki Electric, Tokyo, Japan), with an
aperture diameter of 5 mm, was contained in a movable
holder placed beneath the glass floor. The voltage to
the thermal source was controlled by a constant voltage
supply. To reduce the variability in plate surface tem-
peratures resulting from minor changes in room tem-
perature, the interior of the box undeér the animal was
prepared with a heat source such that the glass plate
temperature was regulated at 30° C. The calibration
of the thermal test system is such that the average re-
sponse latency (+ SD) in ten normial untreated rats was
maintained at 10 + 0.5 s before the initiation of an
experimental series.

To initiate a test, a rat was placed in the box and
allowed 5-10 min to habituate. The halogen lamp be-
neath the floor was then positioned so that it focused
at the plantar surface of one hindpaw that was in contact
with the glass. Care was taken not to focus the lamp
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on the skin that was off the glass plate. The light was
then activated, which initiatéd a timing circuit. The
time interval between the application of the light beam
and the brisk hind paw withdrawal response was mea-
sured to the nearest 0.1 s. The trial was terminated and
the lamp removed in the absence of a response within
20 s. This value was then assigned as the response la-
tency.

Bebavior Test

Behavior was evaluated at each test point during the
dose-response study by a scoring system (normal, or
mildly to severely impaired) of two specific behaviors.
The first behavior was the placing/stepping reaction,
which was evoked by drawing the dorsum of either
hmd paw across the edge of the table. This stimulus
elicits an upward lifting of the paw from the surface
of the table (stepping). The second behavior was the
righting reflex. A rat placed horizontally with its back
on the table will normally show an immediate coor-
dinated twisting of the body around its longitudinal
axis to regain its normal posture.

Experimental Protocol

Pretreatme_nt Study. Consistent with our previous
report,'® preliminary studies revealed that maximum
hyperesthesia occurred 2 h after the carrageenan in-
jection. Therefore, the effects of drugs in this study
were evaluated 2 h after the carrageenan SC injection.
Before the carrageenan SC injection, the hind paws
were tested alternately three times, with 5-min intervals
between each testing of one paw, as the baseline data.
The average of three measurements was defined as PWL.
Then, drugs were administered 1ntravenously or in-
trathecally. Ten minutes after the drug injection, 2.0
mg carrageenan was injected SC. Two hours after the
SC carrageenan, the posttreatment PWLs (post-PWLs)
of right and left hind paws were measured alternately.

Posttreatment Study. Before the carrageenan SC
injection, the hind paws were tested alternately three
times, w1th 5-min intervals between each testing of
one paw, as the baseline data. Two hours after the car-
rageenan SC injection, the left and right PWLs were
measured alternately. Then, the drug was administered
intravenously or intrathecally, and the left and right
paws were tested at 5, 15, 30, and 60 min after the
intravenous or intrathecal drug injection.

The individual who measured PWLs was not blinded
to the drug treatment. After the expéeriment; the animals
were killed with an overdose of barbiturate.
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Drugs

The agents administered 1ntrathecally or intrave-
nously in this study were CP-96,345 ([(2S,35)-cis-2-
(diphenylmethyl) -N-[(2-methoxyphenyl) -methyl]-1 -
azabicyclo[2.2.2] octan-3-amine]; Pfizer, Groton, CT),
its inactive isomer, CP-96,344 (2R, 3R enantiomer of
CP-96,345; Pfizer), and FK 224 ({N-[N[N-[N-[N-[2,
3-didehydro-N-methyl-N-[N-[3- (2-pentylphenyl)-pro-
pionyl]-L-threonyl]tyrosyl]-L-leucynyl]-D-phenylalanyl]-
L-allo-threonyl]-L-asparaginyl]-L-serine-v-lactone}; Fu-
jisawa, Osaka, Japan). Drugs were delivered in 1.5%
cyclodextrin (Wako, Osaka, Japan) dissolved in normal
saline and administered intravenously, in a volume of
1.0 ml of vehicle, or intrathecally, in a volume of 10
ul of vehicle. To obtain control data, intravenous 1.0
ml 1.5% cyclodextrin dissolved in normal saline, or
intrathecal 10 ul 1.5% cyclodextrin dissolved in normal
saline, was administered.

Data Analysis and Statistics

To analyze the magnitude of the thermal hyperes-
thesia evoked by SC carrageenan, the difference score
(DS) was calculated by subtracting the PWL of the con-
trol side (left side) from the PWL of the carrageenan-
injected side (right paw). Thus, a negative DS indicates
that the injected paw requires lower thermal energy to
evoke paw withdrawal response than the control paw,
i.e., thermal hyperesthesia. To analyze the effects of
drugs on the hyperesthesia in the pretreatment study,
the postdrug difference score (post-DS) was calculated
by subtracting the post-PWL of the untreated paw from
the post-PWL of the carrageenan injected paw. In the
posttreatment study, maximum PWL (MAX PWL) was
calculated. MAX PWL of each paw was defined as the
maximum PWL value during the first 30 min after the
drug administration.

‘To obtain a dose-response curve, the dose was plotted
against the posttreatment PWL, post-DS, or posttreat-
ment paw width. Dose- -response curves were estab-
lished with a least squares linear regression analysis.
Dose dependency was analyzed by one-way ANOVA.
ANOVA was carried out with Dunnett’s test for multiple
comparisons. To verify whether the paw carrageenan
injection evoked significant paw edema, and whether
drugs affected the amount of edema, we used ANOVA.
To compare post-PWLs or MAX PWLs between groups,
ANOVA was carried out. To verify the stereospecificity
of the CP-96,345 effect on PWL or paw width, we used
the #test. P < 0.05 levels were considered significant.
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Results

Bebavior Test

Intravenous injection of either 5 mg/kg CP-96,345
or 3.3 mg/kg FK224 had no effect on the placing or
stepping reactions or righting reflexes, and intravenous
injection of either 15 mg/kg CP-96,345 or 6.6 mg/kg
FK224 caused death in one-half of the injected rats.
Thus, 5 mg/kg CP-96,345 and 3.3 mg/kg FK224 were
the highest intravenous doses employed in this study.
Intrathecal injection of CP-96,345 (200 ug) caused a
mild placing or stepping reaction or righting reflex im-
pairment in four of five rats. These animals displayed,
to some detectable degree, a lack of hind limb coor-
dination, although they were able to ambulate and were
able to lift the hind paw to scratch the head and ears
(normal grooming). This impairment lasted no more
than 5 min after drug injection, and these animals could
be tested 5, 15, 30, and 60 min after the drug admin-
istration. Intrathecal CP,96-345, 400 ug, produced se-
vere behavioral impairment in all injected rats, and this
impairment lasted about 30 min. Thus, 200 ug CP-
96,345 was the highest dose employed in this study.
Intrathecal injection of 3 ug FK224 caused death in
two of nine rats, and intrathecal injection of 2 ug FK224
had no effect on the placing or stepping reactions or
righting reflexes. Thus, 2 pg FK224 was the highest
intrathecal dose employed in this study.

Nociceptive Test

Pretreatment Study. In the intravenous study, there
was no difference between the precarrageenan right
and left PWLs in each group. In the intravenous vehicle-
treated group, 2 mg of carrageenan resulted in signif-
icant thermal hyperesthesia 2 h after the carrageenan
injection (post-PWLs of the injected paw [= SD] = 5.7
* 1.6 s, post-PWLs of the untreated paw [+ SD] = 11.3
£ 0.8 s, n = 8). Neither intravenous CP-96,345 nor
intravenous FK224 had any effect on the post-PWLs of
the untreated paw (left paw), but they increased the
post-PWLs of the injected paw (right paw) to the level
of the post-PWLs of the untreated paw in a dose-de-
pendent manner (figs. 1 and 2). Thus, the post-PWLs
of the two sides became closer after either intravenous
CP-96,345 or FK224 in a dose-dependent manner, and
the thermal hyperesthesia evoked by carrageenan was
reliably and selectively abolished by either intravenous
CP-96,345 or FK224. At the highest dose (5 mg/kg),
intravenous CP-96,344, the inactive isomer, failed to
have any effect on the post-PWLs of the untreated paw
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Fig. 1. Log dose-response curve for the effects of intravenous
CP-96,345 on the thermal nociceptive threshold in the pre-
treatment study. (Top) Ordinate: postpaw withdrawal latency
(post-PWL) of right paw. Abscissa: log dose (ug) of CP-96,345.
(Middle) Ordinate: post-paw withdrawal latency (post-PWL)
of left paw. Abscissa: log dose (ug) of CP-96,345. (Bottont) Or-
dinate: postdifference score (post-DS). Abscissa: log dose (ug)
of CP-96,345. Each point represents the mean = SD of deter-
minations made in five to eight rats. Pvalue in the significance
level when analyzed by ANOVA. *P < 0.05, as compared with
vehicle level,

post-DS (sec)

(post-PWL of injected paw [+ SD] = 7.0 & 1.5 s, post-

PWL of untreated paw [+ SD] = 10.8 = 0.8 5, n = 5).

The post-DS level (+ SD) in the 5 mg/kg CP-96,344-
treated rats was —4.0 = —2.0 s, and this level is sig-
nificantly lower than that in the 5 mg/kg CP-96,345-
treated rats (0.68 + 0.7 s, n = 5) (P < 0.005, ¢ test).
In the intrathecal study, there was no difference be-
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Fig. 2. Log dose-response curve for the effects of intravenous
FK224 on the thermal nociceptive threshold in the pretreat-
ment study. (Top) Ordinate: post-paw withdrawal latency
(post-PWL) of right paw. Abscissa: log dose (ug) of FK224.
(Middle) Ordinate: post-paw withdrawal latency (post-PWL)
of left paw. Abscissa: log dose (ug) of FK224, (Bottoni) Ordinate:
postdifference score (post-DS). Abscissa: log dose (ug) of
FK224. Each point represents the mean * SD of determinations
made in five to eight rats. P value in the significance level
when analyzed by ANOVA. *P < 0.05 as compared with vehicle
level.

tween the precarrageenan right and left PWLs in each
group. In the intrathecal vehicle group, significant
thermal hyperesthesia developed 2 h after the carra-
geenan injection. Neither 200 ug intrathecal CP-96,345
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nor 2 ug intrathecal FK 224 had any effect on the PWLs
(£ SD) of either the carrageenan-injected (right) or
untreated (left) paw (CP-96,345: right paw = 7.6
1.9 s, left paw = 11.3 £ 1.1 5, n = 5; FK224: right
paw = 7.9 = 1.3 s, left paw = 10.6 = 1.4 5, n = 5)
compared with vehicle-treated rats (right paw = 7.9
+ 1.3 s, left paw = 11.5 £ 1.0 s, n = 5).

Posttreatment Study. Two hours after injection of
2 mg carrageenan, the PWLs of the injected paw (right
paw) decreased significantly (precarrageenan PWL [+
SDI: right paw = 10.4 + 0.6 s, left paw = 10.4 £ 0.6 s;
PWL [+ SD] 2 h after carrageenan injection: right paw
= 5.1 % 1.5 s, left paw = 10.7 = 0.8, n = 34), and
resulted in a significant hyperesthetic state (P < 0.0001,
ttest). Neither 5 mg/kg intravenous CP-96,345 nor 3.3
mg/kg intravenous FK224 had any effect on the PWLs
of either the injected paw or the untreated paw when
compared with the vehicle-treated rats. There was no
difference between the MAX PWLs (# SD) of intravenous
CP-96,345-treated rats (right paw = 5.1 £ 1.5 s, left
paw = 12.1 &+ 1.6 s, n = 5), intravenous FK224-treated
rats (right paw = 6.2 & 2.4 s, left paw = 12.9 £ 1.3 5,
n = 5), and intravenous vehicle-treated rats (right paw
= 4.3+ 2.4s, left paw = 12.4 + 1.4 5, n = 8). Neither
200 g intrathecal CP-96,345, nor 2 ug FK 224, nor the
vehicle had any effect on the PWLs of either the injected
paw or the untreated paw. There was no difference be-
tween MAX PWLs (= SD) of intrathecal CP-96,345-
treated rats (right paw = 5.1 = 1.1 s, left paw = 10.6
+ 1.2's, n = 5), intrathecal FK 224-treated rats (right
paw = 5.4 + 1.5 s, left paw = 11.6 £ 6.4 s, n = 6),
and intrathecal vehicle-treated rats (right paw = 6.5 +
1.7 s, left paw = 11.5 = 1.0 s, n = 5).

Paw Edema .

Pretreatment Study. Either intravenous CP-96,345
or intravenous FK224 partly inhibited cacrageenan-in-
duced paw edema 2 h after the carrageenan injection in
a dose-dependent manner (fig. 3), but had no effect on
the paw width of the untreated paw 2 h after carrageenan
injection (CP-96,345 [+ SD}: 5 mg/kg = 3.2 £+ 0.1 mm,
1.7 mg/kg = 3.4 + 0.09 mm, 0.5 mg/kg = 3.4 + 0.1
mm; FK224 (* SD): 3.3 mg/kg = 3.5 = 0.1 mm, 1.0
mg/kg = 3.3 £ 0.09 mm, 0.33 mg/kg = 3.4 + 0.2 mm).
The paw width (= SD) of the carrageenan-injected paws
in the 5 mg/kg intravenous CP-96,345-treated rats-was
5.0 = 0.4 mm (n = 5), the same as that in the 5 mg/kg
intravenous CP-96,344-treated rats (5.6 = 0.8 mm, n =
5) (P> 0.1, ttest). Neither intrathecal 200 ug CP-96,345
nor 2 ug intrathecal FK224 had any effect on the paw
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Fig. 3. Log dose-response curve for the effects of intravenous
CP-96,345 and intravenous FK224 on the paw width of the
carrageenan-injected paw 2 h after the injection in the pre-
treatment study. Each line represents the mean + SD of de-
terminations made in five to eight rats. P value in the signif-
icance level when analyzed by ANOVA. *P < 0.05 as compared
with vehicle level.

width in either the carrageenan-injected paws or un-
treated paws 2 h after the carrageenan injection when
compared with the vehicle-treated group (table 1).

Posttreatment Study. Carrageenan injection in-
duced a significant increase in the dorsal-plantar paw
width (table 2). Neither CP-96,345 (5 mg/kg intra-
venously or 200 ug intrathecally), nor FK224 (3.3 mg/
kg intravenously or 2 ug intrathecally), nor the vehicle
(intravenously or intrathecally) had any effect on the
carrageenan-induced paw edema 1 h after the drug in-
jection when compared with after-carrageenan but
predrug levels (table 2).

Discussion

It has been shown that SC carrageenan will yield a
pronounced time-dependent thermal hyperes-
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thesia.'”'® In the posttreatment study, SC carrageenan
significantly decreased the PWLs of the carrageenan-
injected paw 2 h after the injection, but did not affect
the PWLs of the untreated paw. We found that SC car-
rageenan induced significant paw edema in the injected
paw 2 h after the injection in the posttreatment study.
These data indicated that SC carrageenan induced the
local inflammation in the injected paw and produced
a reliable thermal hyperesthetic state 2 h after the SC
carrageenan injection in the current study. Thus, we
believe that the appropriate time to verify the effects
of drugs on the inflammation and thermal hyperesthesia
evoked by SC carrageenan in a pretreatment study is 2
h after the carrageenan injection.

Pretreatment Study

In the current study, we found that CP-96,345, an
nonpeptidic NK1 antagonist, reduced the level of
paw edema and thermal hyperesthesia evoked by SC
carrageenan in a dose-dependent manner only when
drugs were administered intravenously. These find-
ings were consistent with the report that SC (+)-CP-
96,345 abolished carrageenan-induced mechanical
hyperalgesia and significantly reduced paw edema.?®
The level of paw edema in the 5 mg/kg intravenous
CP-96,344-treated rats was the same as that in the 5
mg/kg intravenous CP-96,345-treated rats, although
the post-DS level in 5 mg/kg intravenous CP-96,344-
treated rats was significantly lower than that in the 5

Table 1. Effect of Intrathecal CP-96,345, FK224, and Vehicle
on Dorsal-Plantar Paw Width in the Pretreatment Study

Paw Width
Precarrageenan 2 h after Carrageenan
(mm) (mm)
CP-96,345 (200 ng)
(n=5)
R 33+0.1 6.0 + 0.4*
L 3.3 £ 0.1 33041
FK224 (2 ug) :
(n=15)
R 3.4 041 5.9 + 0.3*
L 3402 3.4 +0.2
Vehicle (n = 5)
R 3.3+ 0.1 6.0 + 0.9*
L 3.3+ 0.1

32+0.2

Data are mean + SD.
R = right hind paw; L = left hind paw.
* P < 0.05 as compared to the precarrageenan paw width,
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Table 2. The Effects of Intravenous CP-96,345, FK224, and
Vehicle and Intrathecal CP-96,345, FK 244, and Vehicle on
Dorsal-Plantar Paw Width in the Posttreatment Study

Paw Width
After 1 h after
Carrageenan Drug
Precarrageenan but Predrug Injection
(mm) (mm) (mm)
intravenous study
CP-96,345
(5 mg/kg)
(n=79)
R 3.3+0.05 6.7 + 0.6* 7.2+0.9"
L 3.4 +01 3.3+ 0.04 3.3 £ 01
FK 224
(3.3 mg/kg)
{n = 5)
R 3.3+0.2 6.5 + 0.3 6.7 £ 0.9*
L 3.4%0.1 3.4+ 041 33+0.2
Vehicle (n = 8)
R 3.4 +041 6.4 £ 0.3" 6.6 + 0.5*
L 3402 3.4+01 3.4+0.2
Intrathecal study
CP-96,345
(200 ng)
{n=75)
R 3401 6.4 + 0.5* 6.9 + 0.5*
L 3.4 +0.08 3.4 +0.07 3.4 +0.2
FK224 (2 ug)
{n=6)
R 3.3+x02 6.5 + 0.5* 7.0+ 03"
L 3.4+02 3.3+ 0.1 3.3+ 01
Vehicle (n = 5)
R 3402 6.4 = 0.4* 6.8 £ 0.4*
L 34+03 3.3+0.05 3.3+01

Data are mean + SD.
R = right hind paw; L = left hind paw.
* P < 0.05 as compared to the precarrageenan paw width with Dunnett's test.

mg/kg intravenous CP-96,345-treated rats. This in-
dicates that the effect of CP-96,345 on thermal hy-
peresthesia evoked by SC carrageenan is stereospe-
cific, but the effect on the level of paw edema was
not stereospecific. Thus, the effect of CP-96,345 on
thermal hyperesthesia is probably caused by the in-
teraction between the NK1 receptor and CP-96,345,
and the effect on the level of paw edema is not caused
by the interaction between the NK1 receptor and CP-
96,345. It has been reported that SC CP-96,345 in-
hibited the mechanical hyperalgesia induced by SC
carrageenan injection, and this effect was not stereo-
specific.?! This indicates that the NK1 receptor does
not play an important role in developing mechanical

Anesthesiology, V 79, Mo 5, Nov 1993

hyperesthesia evoked by SC carrageenan injection.
Both CP-96,345 and CP-96,344 have been reported
to interact with Ca®** channel-binding sites.?? Such
nonspecific effects of CP-96,345 may be important
in blocking mechanical hyperesthesia or reducing the
level of paw edema evoked by SC carrageenan.?' The
inhibition of sP-induced vasodilatation or neurogenic
plasma extravasation by CP-96,345 has been reported
to be stereospecific, as CP-96,344 had no effect.??
Thus, the pharmacologic characteristics of carra-
geenan-induced paw edema are different from those
of neurogenic plasma extravasation, and, in the car-
rageenan model, the NK1 receptor plays an important
role in development of thermal hyperesthesia, but
not in development of paw edema.

In the intrathecal CP,96-345 study, pretreatment with
200 pug CP,96-345 had no effect on the development
of thermal hyperesthesia when thermal hyperesthesia
was tested 2 h after carrageenan injection. It has been
reported that CP-96,345 has an effective half life after
intrathecal administration of approximately 1 h,” and
this indicates that a reasonable amount of CP-96,345
exists in the spinal cord during the first 2 h after the
drug injection. Thus, we think that the NK1 receptor
does not play an important role in the development of
thermal hyperesthesia evoked by carrageenan injection.
It has been reported that 200 ug intrathecal CP-96,345
produced depression of the agitation behavior induced
by the injection of formalin into a rat’s hind paw when
CP-96,345 was administered 1 min before the formalin
injection.” Although both subcutaneous formalin and
subcutaneous carrageenan induce localized inflam-
mation, there are several differences between the car-
rageenan test and the formalin test. Paw formalin in-
jection induces biphasic spontaneous nociceptive be-
havior, such as flinching.'® However, carrageenan
injection induces no flinching response in the rat, and
2 mg carrageenan induces a much more severe paw
edema than does formalin.!® The difference in sensi-
tivity produced by CP-96,345 in the formalin test and
the carrageenan test may reflect the different charac-
teristics of these two tests.

FK224, a cyclopeptide NK1 and NK2 antagonist, sig-
nificantly blocked the development of carrageenan-in-
duced thermal hyperesthesia, and significantly reduced
carrageenan-induced paw edema when administered
intravenously. It is proposed that the NK1 receptor in-
teracts with the NK2 receptor in the nociceptive in-
formation transmission at both peripheral sites and in
the spinal cord.'*!? Either intravenous FK224 or CP-
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96,345 completely blocked the development of ther-
mal hyperesthesia at the doses we employed. In the
current study, the effect of an NK2-selective antagonist
on the development of thermal hyperesthesia was not
examined. We do not know whether the effect of FK224
on the development of thermal hyperesthesia was
caused by the interaction between the NK1 receptor
and FK224, or by the interaction between both the
NK1 and NK2 receptor and FK224. The CP-96,345
study showed that the NK1 receptor does not play an
important role in the development of paw edema after
carrageenan injection. We believe that the FK224 effect
on carrageenan-induced paw edema is mediated by the
NK2 receptor. We recognize, however, the possibility
that other receptor systems may also be involved.

Tissue distribution experiments demonstrated that
systemic FK224 administration does not enable FK224
to enter the central nervous system.¥ Thus, the site of
action of intravenous FK224 is peripheral. Intrathecal
injection of CP-96,345 had no effect on either carra-
geenan-induced paw edema or thermal hyperesthesia
at a dose that had no effect on the general behavior.
This indicates that the site of action of intravenous CP-
96,345 on carrageenan-induced thermal hyperesthesia
is not the spinal cord, but peripheral sites.

Posttreatment Study

Neither intravenous CP-96, 345 nor intravenous
FK224 had any effect on carrageenan-induced thermal
hyperesthesia or carrageenan-induced paw edema at
doses that blocked thermal hyperesthesia in the pre-
treatment study. Thus, we believe that, once inflam-
mation has developed and thermal hyperesthesia has
become established after a carrageenan injection, nei-
ther the NK1 nor the NK2 receptor play an important
role in maintaining thermal hyperesthesia.

In the intrathecal study, neither CP-96,345 nor
FK224 had any effect on carrageenan-induced thermal
hyperesthesia or carrageéenan-induced paw edema, and
this CP-96,345 data is consistent with our previous
report.'® Thus, we believe that the spinal NK1 and NK2
receptors do not play an important role in the devel-
opment and maintenance of thermal hyperesthesia or
paw edema evoked by SC carrageenan.

In the current study, we demonstrated that peripheral
NKl and NK2 receptors play an important role in the
development of the inflammation after the chemical

¥ Fujii T: Personal communication, 1993,

Anesthesiology, V 79, No 5, Nov 1993

stimuli. This indicates the possibility of the clinical
use of NK1 and NK2 receptor antagonists as antiinflam-
matory analgesic agents.
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