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Aim To test antinociceptive properties of botulinum toxin type A (BTX-A) in rats with carrageenan- and
capsaicin-induced pain and inflammation.

Methods Pain was provoked with carrageenan (1%) or capsaicin (0.1%) injection into the plantar surface of the
rat paw-pad. The effect of BTX-A 5 U/kg on carrageenan- and capsaicin-induced mechanical and ther-
mal hypersensitivity, as well as the size of carrageenan-induced paw edema were tested 24 hours and 6
days following the toxin injection into the rat paw-pad. In the dose-response experiment, the effect of
different doses of BTX-A (2, 3, 3.5, 5, and 7 U/kg) on carrageenan-induced mechanical hypersensitivity
was investigated on day 5 after BTX-A application.

Results Pretreatment with 5 U/kg BTX-A significantly reduced or completely abolished the enhanced sensitiv-
ity to mechanical and thermal stimuli provoked by peripheral carrageenan or capsaicin injections. This
reduction was significant when BTX-A was applied 6 days before the induction of pain and inflamma-
tion, but the toxin was ineffective when applied 24 hours before the challenge. In the dose-response ex-
periment, the lowest effective dose was 3.5 U/kg, but apparently the effect was not dose-dependent. In
contrast to the antinociceptive effect, 5 U/kg BTX-A had no effect on the carrageenan-induced paw
edema.

Conclusion The study demonstrated the efficacy of peripherally applied BTX-A pretreatment on the pain compo-
nent of inflammatory process in experimental animals.

Botulinum toxin type A (BTX-A) is one of
the seven serotypes of the neurotoxin synthesized
by the anaerobic bacterium Clostridium botuli-

num. BTX-A is synthesized as a large protein that
must be cleaved into di-chain structures consisting
of a 100 kD heavy chain and 50 kD light chain to
be active (1). The classic mechanism of the botuli-
num neurotoxin action is the inhibition of acetyl-
choline release from the peripheral nerve terminal
(2). The first step in this process is the binding of
the toxin heavy chain to the presynaptic acceptors
on axon terminals. Following binding, the toxin is
internalized into nerve cells via acceptor-medi-
ated endocytosis and translocated into the neuro-

nal cytosol. The ultimate result of this translocati-
on is the reduction of the disulfide bond and the
release of the light chain into the intracellular
space where it acts as a zinc-dependent endo-
peptidase that cleaves one of the proteins required
for vesicle docking and fusion with plasma mem-
brane named synaptosomal associated protein of
25 kD (SNAP-25). Accordingly, BTX-A prevents
acetylcholine release into the synaptic cleft (2,3).

The administration of nanogram quanti-
ties of BTX-A manufactured for medical purpose
has been used as a treatment for various neuro-
muscular disorders such as cervical dystonia, juve-
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nile cerebral palsy, focal spasticity, etc (4). How-
ever, several reports indicate that BTX-A might be
effective in various pain syndromes (5). According
to open-label and a few double-blind studies,
BTX-A treatment was found to be effective in
chronic tension-type headache (6), cervical
dystonia (7), chronic low back pain (8), pain of
musculoskeletal origin (9), migraine (10,11), and
neuropathic pain (12). In clinical practice, pain al-
leviation was usually observed to occur before and
last beyond the muscular relaxation effect, and to
be more pronounced than muscular improve-
ment. Furthermore, based only on individual case
reports, it has been suggested that BTX-A might
have antinociceptive properties in patients, inde-
pendent of its known action on muscular spasm
(10-14). If botulinum toxin does have an antino-
ciceptive effect, the doses required for pain treat-
ment, the duration of the antinociceptive effect,
and the range of indications are unknown (15,16).
To our knowledge, there are only 3 literature
reports on the studies investigating the antinoci-
ceptive effect of BTX-A in experimental animals.

In the laboratory of the manufacturer
(Allergan), Cui et al (17) were the first to show in
the rat formalin model that peripheral subcutane-
ous BTX-A pretreatment inhibited the formalin-re-
lated spontaneous nociceptive behaviors such as
shaking and licking of the injected paw in a
dose-dependent fashion during the tonic inflam-
matory second phase of the test. They observed
the effect to start within the first 24 hours and last
for 12 days, which was the latest time point tested.
The authors also found the formalin-induced pe-
ripheral glutamate release in the rat foot pad to be
significantly reduced by BTX-A (7 U/kg) compared
with the vehicle when measured 5 days after the
toxin injection.

The instillation of 25 U/ml BTX-A into
the rat bladder prevented the protamine sulfate
and acetic acid induced decrease in the intercon-
traction interval of the reflex bladder contractions
(as an indicator of hyperalgesia) when measured
after 7 days of the toxin treatment (18). The authors
interpreted it as an antinociceptive effect. In this
experiment, BTX-A was effective after 7 days but
not after 3 days of the treatment. The authors
found evidence for reduced bladder inflamma-
tion. Immunofluorescence studies of the calcito-
nin gene-related polypeptide (CGRP) showed the
CGRP immunoreactivity to occur in the “mucosal

layer of the bladder” only 7 days after BTX-A instil-
lation. The cellular source of the immunoreactivity
was not specified. The authors interpreted the find-
ings as a possible indicator of CGRP release but
also as an “increased CGRP synthesis or decreased
CGRP breakdown” (18).

In our study in a rat model of surgical
neuropathic pain induced by partial sciatic nerve
transection (19), BTX-A reduced thermal and me-
chanical hyperalgesia from day 5 to day 15 (or
more) but not within 24 hours after the toxin pe-
ripheral application.

Other studies indirectly related to the
postulated antinociceptive effect of BTX-A were
performed on cultured neurons in vitro. For exam-
ple, one study investigated the effect of BTX-A on
the substance P secretion from cultured embry-
onic rat dorsal root ganglia neurons (20), whereas
another one dealt with the effect of the toxin on
the CGRP release from cultured trigeminal ganglia
neurons (21). Both studies found that BTX-A inhib-
ited the release of substance P and CGRP from cul-
tured neurons in vitro. However, the relevance of
these observations for the antinociceptive activity
of BTX-A in vivo is not clear.

Since antinociceptive drugs produce
short-lasting analgesia, the potential long-term ef-
fect (observed in animals after more than 15 days)
(19) of BTX-A might be of great importance and
therefore there is an obvious need of both con-
trolled clinical experiments and more preclinical
studies on different animal models to characterize
the antinociceptive effect, ie to identify the condi-
tions in which it could be expected, as well as the
effective doses and duration of the effect.

Peripheral injections of small volumes
of different irritants such as formalin, carrageenan,
and capsaicin in the rat paw-pad are well-charac-
terized and commonly employed models for the
investigation of anti-inflammatory and antinoci-
ceptive effects of different substances. The injec-
tion 5% formalin solution, employed in the experi-
ment by Cui et al (17), elicits a biphasic response
characterized by spontaneous pain behaviors such
as flinching, shaking, biting, and licking of the in-
jected paw, where the first phase is a consequence
of direct stimulation of nociceptors, whereas the
second phase is thought to reflect an inflammatory
process (22).
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Peripheral application of carrageenan or
capsaicin produces hypersensitivity to thermal
and mechanical stimuli. In addition, 2-6 hours af-
ter the injection, carrageenan produces inflamma-
tory edema which is more intensive than edema
induced by formalin.

Carrageenan, a sulfated polysaccharide,
promotes inflammation by activating proinflam-
matory cells. It is assumed that it causes hyperalge-
sia by promoting the local release of mediators
such as substance P, glutamate, prostaglandins,
histamine, and serotonin. These noxious chemi-
cals sensitize primary afferents resulting in primary
hyperalgesia (23). It has been shown that car-
rageenan-induced inflammation and pain activate
early genes such as c-fos, which can then activate
other genes leading to changes in the synthesis of
various neuropeptides in the dorsal horn of the spi-
nal cord (24). The injection of carrageenan in the
rat paw induces COX-2 mRNA in the lumbar spi-
nal cord and releases glutamate, aspartate, sub-
stance P, nitric oxide, and prostaglandin E2 in the
dorsal horn. Carrageenan can also cause an acute
increase in immunoreactive CGRP and substance
P in the spinal cord that lasts for at least 1 week
(23). Some recent findings from the study of fos-la-
beled cells indicate that unilateral hind paw
carrageenan injection produces bilateral activa-
tion of the descending modulation system from
the locus coeruleus/nucleus subcoeruleus (25).
Therefore, it seems that different peripheral, as
well as central mechanisms contribute to carrage-
enan-evoked hyperalgesia.

Capsaicin, the pungent component of
the chili pepper, excites sensory neurons directly
by acting on vanilloid receptors type 1 (VR-1),
which are selectively expressed on C-fibers (26).
VR-1 receptors are present on primary afferent
nerve fibers that contain neuropeptides such as
substance P and CGRP, which are released from
nerve endings following receptor excitement ie
capsaicin application (26). In vivo exposure to
capsaicin decreases the threshold of nociceptive
afferents to thermal or mechanical stimuli. It
seems that hyperalgesia to heat may involve exci-
tation and sensitization of C-fiber nociceptors,
whereas mechanical hyperalgesia appears to be
mediated primarily by central sensitization where-
by responses of dorsal horn neurons evoked by
low-threshold mechanoreceptors become facili-
tated (27).

In the present study, carrageenan and
capsaicin models were used to investigate the pos-
sible influence of BTX-A on thermal and mechani-
cal hyperalgesia induced by these substances, and
in case of carrageenan on local edema formation.
Dose-response and time-course of the toxin action
were investigated. The most important observa-
tion was that BTX-A reduced capsaicin- and car-
rageenan-induced pain but had no effect on car-
rageenan induced edema.

Methods

Animals

A total of 120 male Wistar rats (Zagreb
University School of Medicine, Zagreb, Croatia)
weighing 250-300 g, were used in all experiments.
The experiments were carried out according to the
Croatian Act on animal welfare (Narodne novine
19/1999). The Principles of Laboratory Animal
Care (NIH Publication No. 86-23, 1985) were fol-
lowed. The experiments were approved by the
Ethical Committee of Zagreb University School of
Medicine (permit No. 07-76/2005-43).

Drugs

The following drugs were used: botuli-
num toxin type A (BOTOX�, Allergan, Inc., Irvine,
CA, USA); carrageenan (�-carrageenan, Sigma, St.
Louis, MO, USA); and capsaicin (Sigma, St. Louis,
MO, USA).

Each vial of BOTOX� contains 100 U
(~4.8 ng) of purified Clostridium botulinum toxin
type A. BTX-A was reconstituted in 0.9% saline so-
lution. The doses of BTX-A used in dose-response
experiment were 2, 3, 3.5, 5 and 7 U/kg. In all
other experiments, only one dose of the toxin was
employed (5 U/kg). BTX-A was injected into the
plantar surface of the rat hind paw in a volume of
20 �l with a 27-gauge syringe.

Experimental Procedures

Carrageenan-induced edema and
hyperalgesia. 1% Carrageenan (dissolved in sa-
line) was injected into the plantar surface of the
hid paws of rats, which were awake, in a volume
of 100 �l with a 27-gauge tuberculin syringe.
Intraplantar injection of carrageenan in freely
moving rats produced an acute restricted inflam-
mation associated with thermal and mechanical
hyperalgesia. Carrageenan was injected 3 hours
before nociceptive testing (28). The sensitivity to
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mechanical stimuli was tested after the measure-
ment of thermal sensitivity.

Paw edema measurement. The volume
of the paw was determined with a plethysmometer
as described by Winter et al (29). Volumes of the
treated and contralateral-untreated paws were de-
termined 3 hours after carrageenan application.
Three measurements of each paw were performed
at 10-min intervals.

Capsaicin-induced hyperalgesia. 0.1%
Capsaicin (dissolved in saline containing 10%
Tween and 10% ethanol) was administered into the
plantar region of the hind paws of rats, which were
awake, in a volume of 50 �l with a 27-gauge tuber-
culin syringe. Withdrawal responses to thermal and
mechanical stimuli were measured 15 minutes after
capsaicin application (30). The measurement of
thermal sensitivity was followed by the measure-
ment of sensitivity to mechanical stimuli.

Instead of carrageenan or capsaicin solu-
tion, control groups of animals in all experiments
received saline in the same volumes.

On preparation for intraplantar injec-
tion, rats were gently restrained with one hind paw
exposed. During injection, the needle penetrated
the skin in the center of the plantar surface. Suc-
cessful intraplantar injection was noted by the ap-
pearance of a bleb within the injection site on the
hind paw.

Measurement of Pain Reactivity

Unilateral hot-plate test. Thermal sensi-
tivity was tested using a slight modification of the
unilateral hot-plate test originally described for
mice (31). The temperature of the hot-plate surface
was 52±0.5 �C and the cut off time was 20 sec-
onds in order to prevent paw tissue damage. Rats
were gently restrained and the plantar side of the
tested paw was placed on the hot-plate surface.
The latency of paw withdrawal from the heated
surface was recorded 3 times at 10-minute inter-
vals.

Paw pressure test. The sensitivity to me-
chanical stimuli was measured by the paw-pres-
sure test as described by Randall and Selitto (32).
Mechanical nociceptive thresholds expressed in
grams were measured 3 times at 10-minute inter-
vals by applying increased pressure to the hind
paw until the paw-withdrawal or overt struggling
was elicited.

The experiments were partially blinded,
ie the animals with different treatments were
mixed in each particular cage and measurements
were made without prior recollection of the type
of treatment. However, the treatment and mea-
surement were performed by the same investiga-
tors.

Statistical Analysis

Results were presented as mean±stan-
dard deviation. Statistical analysis was performed
by the analysis of variance (ANOVA) followed by
Newman-Keuls post hoc test for between-group
differences. P-value less than 0.05 was considered
significant. On result presentation, P values from
post hoc test were given.

Results

Injection of carrageenan into the rat paw
pad resulted in increased sensitivity to both ther-
mal and mechanical stimuli. Thermal latencies as
well as paw withdrawal thresholds in these ani-
mals were significantly decreased (P=0.006 and
P=0.001, respectively) in comparison with the
control group of rats (Fig. 1). When injected 6 days
before carrageenan, BTX-A 5 U/kg significantly re-
duced (P=0.016) thermal hypersensitivity (Fig.
1A) and completely abolished (P=0.001) mechan-
ical hypersensitivity in the carrageenan-treated an-
imals (Fig. 1B). In the dose-response experiment,
the lowest effective dose that reduced mechanical
hypersensitivity evoked with carrageenan on the
day 5 of BTX-A application was 3.5 U/kg
(P=0.001). There was no significant difference in
the intensity of analgesic effect obtained by either
3.5, 5 (P=0.001) or 7 U/kg (P<0.001) of BTX-A
(Fig. 2).

BTX-A 5U/kg did not affect the size of
carrageenan-induced paw edema at any of the test
time-points (Fig. 3).

Injection of capsaicin produced immedi-
ate guarding behavior that consisted of the animal
lifting the injected paw and not applying pressure
on it. This “nocifensive” behavior lasted for ap-
proximately 3 minutes, after which the animals ap-
peared to use the paw normally for locomotion.
BTX-A pretreatment did not affect this behavior
(data not shown). Capsaicin also provoked exag-
gerated responses to both thermal and mechanical
stimuli. BTX-A pretreatment almost completely re-
turned the pain threshold to the control values.
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Figure 2. Influence of different doses of BTX-A on car-

rageenan-induced mechanical hyperalgesia measured on

day 5 after peripheral toxin application in rats. Groups

treated with 2 and 5 U/kg of BTX-A (n=5 each, all other

groups n=6 each). P values are shown above bars.

Newman-Keuls post hoc test was used for between-group

differences.
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However, BTX-A was found to be effective only
when nociceptive measurements were carried out
6 days after the toxin injection (Fig. 4), whereas no
differences in response to either carrageenan or
capsaicin were observed at 24 hours of BTX-A ap-
plication.

BTX-A had no direct antinociceptive ac-
tion. When applied peripherally 5 days before noci-
ceptive measurement, 5 U/kg BTX-A modified nei-
ther thermal (8.18±0.92 seconds for BTX-A vs
7.85±1.4 seconds for saline) nor mechanical pain
thresholds (152.7±13.0 g for BTX-A vs 147.8±14.4
g for saline) in the saline-treated control animals.

None of the applied doses of BTX-A pro-
duced any muscle weakening effect, ie the move-
ment and muscular tone during pain measurement
appeared normal.

Discussion

The present study demonstrated the ef-
fectiveness of peripherally applied BTX-A (5 U/kg)
in reducing hyperalgesia induced by capsaicin or
carrageenan injection in the rat paw pad. Al-
though many details remain unknown, thermal
and mechanical hyperalgesia produced by these
two substances seems to have different mecha-
nisms of action. Capsaicin-induced pain seems to
be primarily peripheral in origin (26,27), con-
nected with neuropeptides release, whereas the
action of carrageenan might involve central and
peripheral mechanisms (23-25).

Intraplantar injection of capsaicin pro-
vokes immediate nocifensive behavior, which
consists of guarding and licking of the injected
paw, and it was short-lasting (for about 3 minutes)
without pronounced edema formation. Mechani-
cal hyperalgesia observed after capsaicin injection
is more robust than thermal hypersensitivity, last-
ing for up to 4 hours compared with approxi-
mately 45 minutes and occurring over most of the
plantar surface of the paw, ie extending beyond
the area of injection (30). On the other hand,
carrageenan-induced marked inflammatory ede-
ma and thermal, as well as mechanical hyperalge-
sia are most pronounced at 2-6 hours after carrage-
enan challenge (28).

In the present experiments, BTX-A,
when injected 6 days before carrageenan or cap-
saicin in the rat paw pad, reduced thermal as well
as mechanical hyperalgesia. Thermal and me-

chanical hypersensitivity was almost completely
abolished in both models employed. In the dose-
response experiment, the lowest effective dose
that reduced mechanical hypersensitivity follow-
ing carrageenan was 3.5 U/kg. Surprisingly, in the
present experiments this effect was not dose-de-
pendent. In contrast to this, Cui et al (17) reported
dose-dependent inhibition of nociceptive behav-
ior in formalin model of inflammatory pain. Pe-
ripheral injection of BTX-A in the rat paw pad re-
duced pain-related behavior only in the second
phase of formalin test, which is thought to be con-
nected with an inflammatory process. In the men-
tioned experiment (17), the doses employed
ranged from 3.5 U/kg to 30 U/kg. Whereas in our
study none of the doses used produced any mus-
cle weakening effect, the higher doses (15 and 30
U/kg) employed in the experiment of Cui et al (17)
caused significant muscle relaxation that, in our
opinion, could affect the nociceptive measure-
ments (time of licking and biting of the formalin-in-
jected paw was scored).

In the present experiment, 5 U/kg of
BTX-A failed to significantly affect the size of
carrageenan-induced paw edema. In other words,
in present experiments, BTX-A had antinocicep-
tive but not anti-inflammatory action. Carrage-
enan-induced edema is a biphasic effect. The ini-
tial phase is attributed to the release of histamine
and serotonin, whereas the increased vascular per-
meability in the second phase is maintained by the
release of kinins, prostaglandins, protease, and
lysosome (28,29). However, at the dose tested
BTX-A had no measurable effect on carrageenan
induced inflammatory edema. In contrast to this,
according to Cui at al (17), BTX-A at a dose of 7
U/kg but not 3.5 U/kg reduced formalin-induced
edema, which has been suggested to be the conse-
quence of local inhibition of formalin-induced glu-
tamate release. Accordingly, it is hypothesized
that BTX-A mediates an antinociceptive activity
via peripheral inhibition of the neurotransmitter
release, which was also supported by some in vi-

tro studies performed on primary culture neurons
(20,21). However, based on the current knowl-
edge, we feel that it is difficult to explain the differ-
ent effects of the same doses of BTX-A on carrage-
enan and formalin induced edema.

In the time-course experiments, we
found that BTX-A was not effective when injected
24 hours before carrageenan or capsaicin chal-
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lenge. The same was observed in the rat model of
experimental neuropathic pain where BTX-A in a
dose of 7 U/kg decreased thermal as well as me-
chanical hypersensitivity on day 5 but not on day 1
of its peripheral application (19). Similarly, BTX-A
was effective in reducing bladder pain on day 7
but not on day 3 (18). Thus, it is concluded that,
with the possible exception of formalin induced
pain, the antinociceptive effect of BTX-A is not an
immediate but a slowly (over 5-7 days) developing
effect.

The results obtained in the present
study, along with the data of Cui et al (17), the
study by Chuang et al on bladder pain (18), and
our recent report on neuropathic pain (19) clearly
demonstrated the antinociceptive activity of small
doses of BTX-A in experimental animals. Since sin-
gle application of BTX-A in rat produces an
antinociceptive effect lasting for 12-15 days or lon-
ger (17,19), the potential significance for pain
pharmacology is more than clear. However, (a) the
several day delay in the onset of antinociceptive
activity of peripherally applied BTX-A, (b) its effec-
tiveness in different models of acute and chronic
experimental pain, as well as (c) its ineffectiveness
in reducing carrageenan induced paw edema indi-
cate that the mechanism of the antinociceptive ac-
tion of BTX-A might be much more complex than
the suggested inhibition of transmitter release in
the periphery (17,18).

Acknowledgments

We thank Bo�ica Hr�an for the excellent techni-
cal assistance, Professor Melita Šalkoviæ-Petrišiæ for critical
reading of the manuscript, and Professor Maja Relja from the
University Department of Neurology for permanent encour-
agement. Supported by the Croatian Ministry of Science, Edu-
cation, and Sports (Project No. 0108163 to Z. Lackoviæ and
Project No. 0108231 to M. Relja) and Deutscher
Akademischer Austausch Dienst (DAAD).

References:

1 Turton K, Chaddock JA, Acharya KR. Botulinum and tet-
anus neurotoxins: structure, function and therapeutic
utility. Trends Biochem Sci. 2002;27:552-8.

2 Aoki KR. Pharmacology and immunology of botulinum
toxin serotypes. J Neurol. 2001;248 Suppl 1:3-10.

3 Dolly O. Synaptic transmission: inhibition of neuro-
transmitter release by botulinum toxins. Headache.
2003;43 Suppl 1:S16-24.

4 Jankovic J. Botulinum toxin in clinical practice. J Neurol
Neurosurg Psychiatry. 2004;75:951-7.

5 Mense S. Neurobiological basis for the use of botuli-
num toxin in pain therapy. J Neurol. 2004;251 Suppl
1:I1-7.

6 Relja M, Telarovic S. Botulinum toxin in tension-type
headache. J Neurol. 2004;251 Suppl 1:I12-4.

7 Jankovic J. Treatment of cervical dystonia with botuli-
num toxin. Mov Disord. 2004;19 Suppl 8:S109-15.

8 Foster L, Clapp L, Erickson M, Jabbari B. Botulinum
toxin A and chronic low back pain: a randomized, dou-
ble-blind study. Neurology. 2001;56:1290-3.

9 Sheean G. Botulinum toxin for the treatment of muscu-
loskeletal pain and spasm. Curr Pain Headache Rep.
2002;6:460-9.

10 Gobel H. Botulinum toxin in migraine prophylaxis. J
Neurol. 2004;251 Suppl 1:I8-11.

11 Smuts JA, Schultz D, Barnard A. Mechanism of action of
botulinum toxin type A in migraine prevention: a pilot
study. Headache. 2004;44:801-5.

12 Klein AW. The therapeutic potential of botulinum
toxin. Dermatol Surg. 2004;30:452-5.

13 Jabbari B, Maher N, Difazio MP. Botulinum toxin a im-
proved burning pain and allodynia in two patients with
spinal cord pathology. Pain Med. 2003;4:206-10.

14 Smith CP, Radziszewski P, Borkowski A, Somogyi GT,
Boone TB, Chancellor MB. Botulinum toxin a has anti-
nociceptive effects in treating interstitial cystitis. Urol-
ogy 2004;64:871-5.

15 Bach-Rojecky L, Relja M, Lackovic Z. Botulinum toxin
type A in pain management. In: Battistin L, editor. 7th
Congress of the European Society for Clinical Neuro-
pharmacology; Trieste 2004. MEDIMOND, Monduzzi
Editore, International Proceedings, Bologna, pp.
185-190.

16 Silberstein S. Botulinum neurotoxins: origins and basic
mechanisms of action. Pain Practice. 2004;4:S19-S26.

17 Cui M, Khanijou S, Rubino J, Aoki KR. Subcutaneous
administration of botulinum toxin A reduces forma-
lin-induced pain. Pain. 2004;107:125-33.

18 Chuang YC, Yoshimura N, Huang CC, Chiang PH, Chan-
cellor MB. Intravesical botulinum toxin A administration
produces analgesia against acetic acid induced bladder
pain responses in rats. J Urol. 2004;172:1529-32.

19 Bach-Rojecky L, Relja M, Lackovic Z. Botulinum toxin
type A in experimental neuropathic pain. J Neural
Transm. 2005;112:215-9.

20 Welch MJ, Purkiss JR, Foster KA. Sensitivity of embry-
onic rat dorsal root ganglia neurons to Clostridium bot-

ulinum neurotoxins. Toxicon. 2000;38:245-58.

21 Durham PL, Cady R, Cady R. Regulation of calcitonin
gene-related peptide secretion from trigeminal nerve
cells by botulinum toxin type A: implications for mi-
graine therapy. Headache. 2004;44:35-42.

22 LaBuda CJ, Donahue R, Fuchs PN. Enhanced formalin
nociceptive responses following L5 nerve ligation in the
rat reveals neuropathy-induced inflammatory hyperal-
gesia. Pain. 2001;94:59-63.

23 Radhakrishnan R, Moore SA, Sluka KA. Unilateral carra-
geenan injection into muscle or joint induces chronic
bilateral hyperalgesia in rats. Pain. 2003;104:567-77.

24 Honore P, Catheline G, Le Guen S, Besson JM. Chronic
treatment with systemic morphine induced tolerance to
the systemic and peripheral antinociceptive effects of
morphine on both carrageenin induced mechanical
hyperalgesia and spinal c-Fos expression in awake rats.
Pain. 1997;71:99-108.

25 Tsuruoka M, Arai YC, Nomura H, Matsutani K, Willis
WD. Unilateral hindpaw inflammation induces bilat-

207

Croat Med J 2005;46(2):201-208

B
a
c
h

-R
o

je
c
k
y

a
n

d
L
a
c
k
o

v
iæ

:
B

o
tu

lin
u

m
T

o
x
in

in
P

a
in

a
n

d
In

fla
m

m
a
tio

n



eral activation of the locus coeruleus and the nucleus
subcoeruleus in the rat. Brain Res Bull. 2003;61:
117-23.

26 Szolcsanyi J. Forty years in capsaicin research for sen-
sory pharmacology and physiology. Neuropeptides.
2004;38:377-84.

27 Gilchrist HD, Allard BL, Simone DA. Enhanced with-
drawal responses to heat and mechanical stimuli fol-
lowing intraplantar injection of capsaicin in rats. Pain.
1996;67:179-88.

28 Kontinen VK, Aarnisalo AA, Idanpaan-Heikkila JJ,
Panula P, Kalso E. Neuropeptide FF in the rat spinal
cord during carrageenan inflammation. Peptides. 1997;
18:287-92.

29 Winter CA, Risley EA, Nuss GW. Carrageenin-induced
edema in hind paw of the rat as an assay for anti-
iflammatory drugs. Proc Soc Exp Biol Med. 1962;111:
544-7.

30 Sun RQ, Lawand NB, Willis WD. The role of calcitonin
gene-related peptide (CGRP) in the generation and
maintenance of mechanical allodynia and hyperalgesia
in rats after intradermal injection of capsaicin. Pain.
2003;104:201-8.

31 Menendez L, Lastra A, Hidalgo A, Baamonde A. Unilat-
eral hot plate test: a simple and sensitive method for de-
tecting central and peripheral hyperalgesia in mice. J
Neurosci Methods. 2002;113:91-7.

32 Randall LO, Salitto JJ. A method for measurement of an-
algesic activity on inflamed tissue. Arch Int Pharmaco-
dyn Ther. 1957;111: 409-19.

Received: January 5, 2005

Accepted: March 10, 2005

Correspondence to:

Zdravko Lackoviæ

Laboratory of Molecular Neuropharmacology

Department of Pharmacology and Croatian
Institute of Brain Research

Zagreb University School of Medicine

Šalata 11

10000 Zagreb, Croatia

lac@mef.hr

208

Croat Med J 2005;46(2):201-208

B
a
c
h

-R
o

je
c
k
y

a
n

d
L
a
c
k
o

v
iæ

:
B

o
tu

li
n

u
m

T
o

x
in

in
P

a
in

a
n

d
In

fl
a
m

m
a
ti

o
n


