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METHOD OF INHIBITING
CHRONIFICATION OF PAIN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority based on U.S. pro-
visional patent application Nos. 61/471,919 and 61/480,621,
filed Apr. 5, 2011 and Apr. 29, 2011, respectively, the entire
disclosures of each of which are incorporated herein by ref-
erence. Priority is also claimed based on European patent
application nos. EP 11 002 811.5 and EP 11 003 508.6, filed
Apr. 5, 2011 and Apr. 29, 2011, respectively, the entire dis-
closures of each of which are likewise incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to tapentadol for use in the
treatment of pain in a subject suffering from pain chronifica-
tion and/or for use in the treatment or the inhibition of pain
chronification. The invention also relates to tapentadol for use
in the treatment or inhibition of migraine, i.e. of migraine-
related pain, and headache-related pain.

[0003] Tapentadol (CG5503), the chemical name for which
is  (-)-(1R,2R)-3-(3-dimethylamino-1-ethyl-2-methyl-pro-
pyD)-phenol, is a synthetic, centrally-acting analgesic that is
effective for the treatment of moderate to moderately-severe
acute or chronic pain. The compound can be employed as the
free base or its pharmaceutically acceptable salts and sol-
vates. Preparation of the free base is known from EP-A 693
475.

[0004] Tapentadol is a centrally acting analgesic with a dual
mode of action consisting of p-opioid receptor (MOR) ago-
nism and norepinephrine (NE) reuptake inhibition. The effi-
cacy, safety, and pharmacokinetic profile of tapentadol indi-
cate that the drug is useful in treating acute as well as chronic
pain. The mixed p-opioid receptor agonist/noradrenaline
reuptake inhibitor, tapentadol, was found to reduce acute and
chronic pain in validated animal models. However none of
these models involved pain at cephalic level.

[0005] The activity of tapentadol is independent of meta-
bolic activation and resides in a single enantiomer which
readily crosses the blood-brain barrier; hence, tapentadol dis-
plays a rapid onset of action after administration. The
biotransformation of tapentadol by metabolic enzymes
results in deactivation, i.e., tapentadol has no active metabo-
lites, and the main metabolic pathway for elimination is phase
II glucuronidation. Phase 1 biotransformations such as
hydroxylation and N-demethylation play only a minor role in
the metabolic fate of tapentadol. Owing to the minor involve-
ment of phase I metabolic pathways, tapentadol has a low
potential for drug-drug interactions and interindividual vari-
ability (cf. Tzschentke T. M. et al. Tapentadol Hydrochloride.
Drugs of the Future 2006, 31, 1053-1061; Evans W. E., Rel-
ling, M. V. Pharmacogenomics: Translating Functional
Genomics into Rational Therapies. Science 1999, 286, 487-
491).

[0006] EP 1985 292 relates to titration regimens of tapen-
tadol. The official expert information concerning Palexia®, a
commercial product containing tapentadol, indicates that tap-
entadol is for treating chronic pain. Rauschkolb-Loeffler et
al., Annals of the rheumatic diseases, 2007, 507 relates to a
clinical trial concerning treatment of chronic pain due to
osteoarthritis of the knee.
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[0007] Chronic pain due to chronification of pain, however,
is not synonymous to chronic pain in general; not every
chronic pain is a result of pain chronification. Instead, chronic
pain due to chronification of pain is a sub-type of chronic
pain. Chronification of pain is the conversion of acute pain
into chronic pain. It is known that therapy of acute pain, e.g.
postoperative pain (postsurgical pain), by means of conven-
tional analgesics can result in chronification of pain. In con-
sequence, pain sensation last longer than would typically be
expected in view of progressing postoperative wound heal-
ing; even though wound healing has been nearly completed,
the patient still suffers from pain. Chronification of pain can
lead to e.g. persistent postsurgical pain (PPP), also referred to
as chronic post-surgical pain (CPSP), which the International
Association for the Study of Pain defined as a persistent pain
state that is apparent for more than 2 months postoperatively
and cannot be explained by other causes (recurrence of dis-
ease, inflammation, and others).

[0008] Chronic postoperative pain has estimated inci-
dences of 30-50% after amputation, 20-30% after breast sur-
gery, 30-40% after thoractomy, about 10% after inguinal
hernia repair, 30-50% after coronary artery bypass surgery,
and about 10% after Ceasarean section. Patients suffering
from chronic pain are typically characterized by wide spread
pain, a long lasting medical history, psycho-social problems
as well as many unsuccessful treatments. For further details,
it can be referred to e.g. W. A. Macrae, British Journal of
Anaesthesia 101(1): 77-86 (2008); T. J. Brennan, Anesthesi-
ology, 2010, 112:514-5; J. P. Rathmell et al., Anesthesiology,
2011, 114:1021-4; P. Lavand’homme, Curr Opin Anesthesiol
2011, 24:545-550; J. B. Dahl et al., Curr Opin Anesthesiol
2011, 24:331-338; E. A. Shipton, Anaesth Intensive Care
2011; 39, 824-836.

[0009] Itis assumed that every nociceptive stimulus which
acts on the central nervous system is capable of reinforcing
pain in the long term thus leading to a chronification of pain.
If corresponding stimuli are maintained for a prolonged time
period, the synaptic transmission is amplified through a pro-
cess called “long term potentiation,” resulting in pain chroni-
fication. Chronification processes are neuronal conduction
processes caused by the plasticity of neuronal functions. The
plasticity of neuronal functions allows for a mechanism
called “wind up” in which subsequently incoming impulses
are amplified. However, chronification of pain is not just a
simple matter of duration. Chronification is more a spread of
pain on the physical level, on duration and even more on the
psychological and social levels. Evaluation of the amount of
chronification may be based e.g. on the graduation of chronic
pain by von Korff. Chronicity of pain correlates with quality
of life and effectiveness of medical treatment.

[0010] Onthe onehand, mechanisms can be peripheral, i.e.
primary afferent nociceptor sensitation, e.g., due to sponta-
neous activity, decreased threshold, increased response to
suprathreshold stimulants, recruitment of silent nociceptors,
and the like. On the other hand, mechanisms can also be
central, i.e. central sensitization, e.g., due to enhanced syn-
aptic excitability (dorsal root ganglia, dorsal horn), expansion
of receptor fields, altered mood and autonomic reflexes in the
limbic system and hypothalamus, activation of spinal circuits
from brainstem, and the like.

[0011] As far as chronic post-surgical pain is concerned,
many physicians believe that pain around the time of an
operation sensitizes the nervous system and this hypersensi-
tized state contributes to the development of chronic pain.
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Unfortunately, the evidence for the effect of different anaes-
tetic and analgesic regimens on chronic pain after surgery is
confused. Several studies show benefit from regional anaes-
tesia, for example, after hysterectomy, Caesarean section,
iliac crest bone harvesting, and thoractomy. There are also
studies, however, that have not shown benefit. Several studies
have looked at multimodal analgesic techniques and the use
of drugs such as gabapentin, venlafaxine, and ketamine, but
once again the results are not consistent (cf. W. A. Macrae,
British Journal of Anaethesia 2008, 101(1), 77-86).

[0012] It is known that conventional opioid analgesics can
detrimentally influence the development of chronic pain. For
example, L. DeYoung et al., Molecular Pain, 2008, 4(7), 1-12
report that morphine does not inhibit incision-induced hype-
ralgesia in mice hindpaw 24 h after incision, i.e. surgery.
While in mice treated with brine hyperalgesia decreases 72 h
after incision, hyperalgesia is even maintained in mice treated
with morphine. Thus, as far as the inhibition of postoperative
hyperalgesia in mice is concerned, morphine does have no
advantageous effect or even is disadvantageous.

[0013] There is a demand for medicaments that are useful
for treating or inhibiting the chronification of pain and that are
useful for treating pain in subjects suffering from chronifica-
tion of pain.

[0014] Neuropathic pain is a major problem for clinicians,
as available treatments produce incomplete pain relief, and
have dose-limiting side effects. Besides, neuropathic pain in
territories innervated by the trigeminal system (“cephalic”
territories) is even more difficult to treat than that in other
parts of the body (“extracephalic” territories). Indeed, neuro-
pathic pain symptoms in cephalic versus extracephalic terri-
tory are differentially attenuated by drugs. Previous investi-
gations in rat models of chronic constriction injury to the
sciatic nerve (CCI-SN) or the infraorbital nerve (CCI-ION)
showed that morphine at low dose, tricyclic antidepressants
and tetrodotoxin reversed allodynia/hyperalgesia in the hind-
paw in CCI-SN rats but were inactive against allodynia in the
vibrissae territory in CCI-ION rats.

[0015] Conversely, anti-migraine drugs such as triptans and
CGRP receptor antagonists significantly reduced allodynia in
CCI-ION rats but were inactive in CCI-SN rats. Further inves-
tigations also showed that physiopathological mechanisms
underlying neuropathic pain differed in CCI-SN vs CCI-ION
rats. In particular, CCI-SN was found to trigger interleukin-6
(IL-6) production in the ipsilateral dorsal horn of the lumbar
spinal cord whereas no IL.-6 induction could be detected in the
spinal nucleus of the trigeminal nerve (Sp5c) in CCI-ION
rats.

[0016] A potential strategy for enhancing the efficacy of
pharmacological treatments without causing further undesir-
able side effects can be the use of drug combinations. Nota-
bly, in CCI-ION rats, it has been demonstrated that the com-
bined administration of the glycine/NMDA receptor
antagonist (+)-HA966 and morphine attenuated cephalic neu-
ropathic pain although each drug alone was inactive.

[0017] With regard to chronic pain, tapentadol has been
shown to exert clear-cut antihyperalgesic/antiallodynic
effects in rats suffering from neuropathic pain caused by
streptozotocin administration (diabetic polyneuropathy), spi-
nal nerve ligation or CCI-SN. However, all these models
concerned neuropathic pain in extracephalic territories, and
none is known yet regarding the potential antiallodynic/anti-
hyperalgesic effects of tapentadol in cephalic territories.
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[0018] There is a need for medicaments that are useful for
treating or inhibiting migraine.

SUMMARY OF THE INVENTION

[0019] It is an object of the invention to provide medica-
ments and medications having advantages compared to the
prior art.

[0020] This and other objects are achieved by the invention
as described and claimed hereinafter.

[0021] It has been surprisingly found that tapentadol does
not show a pronounced tendency of developing chronification
of pain. Thus, tapentadol is particularly useful in the treat-
ment of pain in a subject suffering from pain chronification
and/or for use in the treatment or the inhibition of pain chroni-
fication.

[0022] Further, it has been surprisingly found that tapenta-
dol is useful in the treatment and inhibition of migraine. In
contrast to most analgesic drugs which differently reduce
neuropathic pain in cephalic versus extracephalic territories,
tapentadol has been found equally effective in both territories.
Its effect surprisingly involves synergy between the two phar-
macological actions of tapentadol, particularly at cephalic
level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows a study scheme. Tapentadol at the dose
of 14.7 mg/kg intraperitoneal route (i.p.) was adminstered
twice daily (BID) (7 a.m./7 p.m.) throughout day 1 to day 5.
The first administration was given 20 min before surgery on
day 1. From day 6 to day 13 no substance was given (wash out
phase)

[0024] FIG. 2 shows the results for sustained tactile hyper-
sensitivity following surgical lesion outlasts treatment dura-
tion (i.e. still present in washout phase)

[0025] FIG. 3 shows the effect of tapentadol on withdrawal
thresholds after tactile stimulation of injured hindpaw (ipsi)
and not injured hindpaw (contra) in the paw incision model of
postoperative pain. N=10 animals per group. ***=p<0.001;
*H=p<0.01; *=p<0.05, n.s.=not significant.

[0026] FIG. 4 shows the remaining efficacy of tapentadol in
the washout phase compared to the effect on the last treatment
day (day 5).

[0027] FIG. 5 illustrates the anti-hyperalgesic effects of
tapentadol in CCI-SN rats.

[0028] FIG. 6 shows the anti-allodynic effects of acute or
subchronic treatment with tapentadol in CCI-SN rats.
[0029] FIG. 7 illustrates the anti-allodynic effects of acute
or subchronic treatment with tapentadol in CCI-ION rats.
[0030] FIG. 8 shows the dose-dependent anti-allodynic
effects of morphine in CCI-SN rats

[0031] FIG. 9 illustrates the anti-allodynic effects of acute
administration of reboxetine and morphine, alone or com-
bined, in CCI-SN rats.

[0032] FIG. 10 shows the anti-allodynic effects of acute
administration of reboxetine and morphine, alone or com-
bined, in CCI-ION rats.

[0033] FIG. 11 depicts tissue levels of mRNA encoding
ATF3, IL.-6 and BDNF in (A) ipsilateral DRG (L.4-1.6) and
(B) dorso-lateral quadrant of the lumbar enlargement in CCI-
SN and sham-operated rats—effects of subchronic treatment
with tapentadol.

[0034] FIG. 12 depicts tissue levels of mRNA encoding
ATF3, IL-6 and BDNF in (A) ipsilateral trigeminal ganglion
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and (B) caudal part of spinal trigeminal nucleus (SpSc) in
CCI-ION and sham-operated rats—effects of subchronic
treatment with tapentadol.

DESCRIPTION OF THE INVENTION

[0035] A first aspect of the invention relates to tapentadol
for use in the treatment of pain, preferably in a subject suf-
fering from pain chronification and/or for use in the treatment
or the inhibition of pain chronification.

[0036] Thus, the invention relates to, inter alia, tapentadol
for use in the
[0037] (i) treatment of pain in a subject suffering from pain

chronification (treatment of chronic pain due to pain
chronification, treatment of chronified pain);

[0038] (ii) treatment of pain chronification in a subject suf-
fering from pain chronification;

[0039] (iii) inhibition of pain chronification;

[0040] (iv) treatment of pain and the simultaneous treat-
ment of pain chronification in a subject suffering from pain
chronification; and

[0041] (v)treatment of pain and simultaneous inhibition of
pain chronification.

[0042] A second aspect of the invention relates to a method
for the treatment of pain in a subject suffering from pain
chronification and/or for the treatment or the inhibition of
pain chronification comprising the administration of an effec-
tive amount of tapentadol.
[0043] A third aspect of the invention relates to tapentadol
for use in the treatment of migraine.
[0044] A fourth aspect of the invention relates to a method
for the treatment of migraine comprising the administration
of an effective amount of tapentadol to a subject in need
thereof.
[0045] For the purpose of the specification, “tapentadol” is
intended to include (-)-(1R,2R)-3-(3-dimethylamino-1-
ethyl-2-methyl-propyl)-phenol, its pharmaceutically accept-
able salts and solvates thereof. Suitable pharmaceutically
acceptable salts include salts of inorganic acids, such as
hydrochloric acid (tapentadol HC1), hydrobromic acid and
sulfuric acid, and salts of organic acids, such as methane
sulfonic acid, fumaric acid, maleic acid, acetic acid, oxalic
acid, succinic acid, malic acid, tartaric acid, mandelic acid,
lactic acid, citric acid, glutamic acid, acetylsalicylic acid,
nicotinic acid, aminobenoic acid, a-liponic acid, hippuric
acid and asparaginic acid. The preferred salt is the hydrochlo-
ride salt.

[0046] As used herein, the terms “inhibit” or “inhibition”

refer to a reduction, lessening or retarding effect.

[0047] For the purpose of the specification, doses of tapen-

tadol relate to the free base. Thus, when a pharmaceutically

acceptable salt is used instead, its dose has to be adapted to the

equivalent dose of the free base. For example, a dose of “200

mg” means an amount of 200 mg of the free base or any

equivalent amount of a pharmaceutically acceptable salt or
solvate corresponding to 200 mg of the free base (e.g. about

233 mg of the hydrochloride). If not expressly stated other-

wise, doses are “per administration”, not “per day”.

[0048] According to the invention, tapentadol is used in the

treatment of pain in a subject suffering from pain chronifica-

tion and/or in the treatment or the inhibition of pain chroni-
fication. Preferably, the pain to be treated and/or the chroni-
fication of which is to be inhibited is moderate or severe and
can preferably be central or peripheral. In a preferred embodi-
ment, the pain is acute. Preferably, the acute pain is selected

Dec. 6, 2012

from the group consisting of mechanical pain, heat pain, cold
pain, ischemic pain, and chemical-induced pain.

[0049] For the purpose of the specification, pain chronifi-
cation leads to a chronic pain state (chronified pain, persistent
pain). Preferably, said chronic pain state is due to a conver-
sion, namely pain chronification, of an earlier, non-chronic
pain state, which as such, at its origin, was neither qualified as
being chronic nor expected to become chronic under usual
circumstances. In other words, pain chronification in the
meaning ofthe invention preferably transforms a non-chronic
pain state into a chronic pain state, although the stimulus of
the original non-chronic pain state as such was non-chronic in
the beginning. Chronification of pain is typically observed
only in a subpopulation of patients initially suffering from
said non-chronic pain state. Therefore, not each and every
patient suffering from said non-chronic pain automatically
develops a chronification thereof.

[0050] Whentapentadolis for usein the treatment of painin
a subject suffering from pain chronification, the pain to be
treated typically includes chronic pain due to pain chronifi-
cation, i.e. a chronic pain state that is a result of a chronifica-
tion process which has converted an originally non-chronic
pain state (e.g. an acute pain state) into said chronic pain state
(=chronified pain), even though the pain stimulus that has
originally induced said non-chronic pain state does not exist
any longer or at least does not explain the degree of chronic
pain the patient still suffers from. Thus, according to this
embodiment of the invention, pain chronification has already
taken place.

[0051] When tapentadol is for use in the treatment of pain
chronification in a subject suffering from pain chronification,
an ongoing chronification process is about to convert a non-
chronic pain state into a chronic pain state (=chronified pain),
even though the pain stimulus that has originally induced said
non-chronic pain state does not exist any longer or at least
does not explain the degree of chronic pain the patient still
suffers from. Thus, according to this embodiment of the
invention, pain chronification is going on.

[0052] When tapentadol is for use in the inhibition of pain
chronification, a chronification process has typically not
commenced, i.e. the pain state is still non-chronic (e.g. acute).
Thus, according to this embodiment of the invention, pain
chronification has not (yet) taken place.

[0053] A skilled person recognizes that a patient may suffer
from different pain states simultaneously and that therefore
the above situations (i), (ii) and (iii) may superimpose one
another.

[0054] For the purpose of the specification, it can be distin-
guished between pain stimuli typically inducing non-chronic
pain (e.g. surgery) and pain stimuli typically inducing chronic
pain (e.g. osteoarthritis). Under usual circumstamces, non-
chronic pain caused by stimuli typically inducing non-
chronic pain disappears when the stimuli has disappeared
(e.g. when after surgery wound healing has reached a certain
degree). Under the specific circumstances of pain chronifica-
tion, however, the pain does not disappear, although the
stimuli has disappeared, thereby transforming the non-
chronic pain into chronic pain (chronified pain).

[0055] In a preferred embodiment, the pain to be treated
and/or the chronification of which is to be inhibited is selected
from the group consisting of headache, facial pain, pain in
vascular diseases, neuropathic pain, spinal pain, muscu-
losceletal pain, visceral pain, postraumatic pain and pain
without somatic cause.
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[0056] In another preferred embodiment, the pain to be
treated and/or the chronification of which is to be inhibited is
selected from the group consisting of postoperative pain,
inflammatory pain, migraine-related pain, headache-related
pain, irritable bowel syndrome-related pain, fibromyalgia-
related pain, arthritic pain, skeletal pain, joint pain, gas-
trointestinal pain, muscle pain, angina pain, facial pain, pel-
vic pain, claudication, postoperative pain, post traumatic
pain, tension-type headache, obstetric pain, gynecological
pain, and chemotherapy-induced pain.

[0057] In another preferred embodiment, the pain to be
treated and/or the chronification of which is to be inhibited is
selected from the group consisting of pain due to arthrosis,
pain due to intervertebral disc disorder, other specific back
pain, neuropathic pain, non-specific back pain, headache,
pain after traumatic fractures, pain of multimorbid high main-
tenance patients, and cancer pain.

[0058] Instill another preferred embodiment, the painto be
treated and/or the chronification of which is to be inhibited is
selected from the group consisting of pain being or being
associated with panic disorder [episodic paroxysmal anxiety]
[F41.0]; dissociative [conversion] disorders [F44]; persistent
somatoform pain disorder [F45.4]; pain disorders exclusively
related to psychological factors [F45.41]; nonorganic dys-
pareunia [F52.6]; other enduring personality changes [F62.
8]; sadomasochism [F65.5]; elaboration of physical symp-
toms for psychological reasons [F68.0]; migraine [G43];
other headache syndromes [G44]; trigeminal neuralgia [ G50.
0]; atypical facial pain [G50.1]; phantom limb syndrome with
pain [G54.6]; phantom limb syndrome without pain [G54.7];
acute and chronic pain, not elsewhere classified [G89]; ocular
pain [H57.1]; otalgia [H92.0]; angina pectoris, unspecified
[120.9]; other specified disorders of nose and nasal sinuses
[J34.8]; other diseases of pharynx [J39.2]; temporomandibu-
lar joint disorders [K07.6]; other specified disorders of teeth
and supporting structures [K08.8]; other specified diseases of
jaws [K10.8]; other and unspecified lesions of oral mucosa
[K13.7]; glossodynia [K14.6]; other specified diseases of
anus and rectum [K62.8]; pain in joint [M25.5]; shoulder pain
[M25.51]; sacrococcygeal disorders, not elsewhere classified
[M53.3]; spine pain [M54.]; radiculopathy [M54.1]; cervi-
calgia [M54.2]; sciatica [M54.3]; low back pain [M54.5];
pain in thoracic spine [M54.6]; other dorsalgia [M54.8]; dor-
salgia, unspecified [M54.9]; other shoulder lesions [M75.8];
other soft tissue disorders, not elsewhere classified [M79];
myalgia [M79.1]; neuralgia and neuritis, unspecified [M79.
2]; pain in limb [M79.6]; other specified disorders of bone
[M89.8]; unspecified renal colic [N23]; other specified dis-
orders of penis [N48.8]; other specified disorders of male
genital organs [N50.8]; mastodynia [N64.4]; pain and other
conditions associated with female genital organs and men-
strual cycle [N94]; mittelschmerz [N94.0]; other specified
conditions associated with female genital organs and men-
strual cycle [N94.8]; pain in throat and chest [RO7]; pain in
throat [R07.0]; chest pain on breathing [R07.1]; precordial
pain [R07.2]; other chest pain [R07.3]; chest pain, unspeci-
fied [R07.4]; abdominal and pelvic pain [R10]; acute abdo-
men [R10.0]; pain localized to upper abdomen [R10.1]; pel-
vic and perineal pain [R10.2]; pain localized to other parts of
lower abdomen [R10.3]; other and unspecified abdominal
pain [R10.4]; flatulence and related conditions [R14];
abdominal rigidity [R19.3]; other and unspecified distur-
bances of skin sensation [R20.8]; pain associated with mic-
turition [R30]; other and unspecified symptoms and signs
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involving the urinary system [R39.8]; headache [R51]; pain,
not elsewhere classified [R52]; acute pain [R52.0]; chronic
intractable pain [R52.1]; other chronic pain [R52.2]; pain,
unspecified [R52.9]; other complications of cardiac and vas-
cular prosthetic devices, implants and grafts [T82.8]; other
complications of genitourinary prosthetic devices, implants
and grafts [T83.8]; other complications of internal ortho-
paedic prosthetic devices, implants and grafts [T84.8]; other
complications of internal prosthetic devices, implants and
grafts, not elsewhere classified [ T85.8]; wherein the informa-
tion in brackets refers to the classification according to ICD-
10.

[0059] In another aspect, the invention relates to the inhi-
bition or treatment of pain selected from the aforementioned
list of forms of pain according to ICD-10, preferably
migraine, trigeminal neuralgia and other types of cephalic
neuropathic pain, irrespective of whether the subject simul-
taneously suffers from chronification of pain or not. In an
especially preferred embodiment, the invention relates to the
inhibition or treatment of migraine [G43].

[0060] For the purpose of the specification, migraine pref-
erably includes migraine-related pain.

[0061] In a preferred embodiment, the subject suffering
from migraine simultaneously suffers from chronification of
pain. In another preferred embodiment, the subject suffering
from migraine does not simultaneously suffer from chronifi-
cation of pain.

[0062] Preferably, tapentadol is administered via a route
selected from the group consisting of orally, buccally, sublin-
gually, transmucosally, intralumbally, intraperitoneally,
trans-dermally, intraveneously, intramusculously, intraglu-
teally, intracutaneously and subcutaneously. Most preferably,
however, tapentadol is administered orally.

[0063] Preferably, tapentadol is administered once daily or
twice daily.
[0064] Preferably, tapentadol is administered at a daily

dose within the range of from 25 to 600 mg.

[0065] Ina preferred embodiment, the dose of tapentadol to
be administered once daily or twice daily in the course of each
administration amounts to 50 mg (+75%), more preferably 50
mg (x50%), still more preferably 50 mg (£30%), yet more
preferably 50 mg (x20%), most preferably 50 mg (£10%),
and in particular 50 mg (x5%).

[0066] In another preferred embodiment, the dose of tap-
entadol to be administered once daily or twice daily in the
course of each administration amounts to 100 mg (x75%),
more preferably 100 mg (£50%), still more preferably 100
mg (x30%), yet more preferably 100 mg (£20%), most pref-
erably 100 mg (x10%), and in particular 100 mg (£5%).
[0067] In still another preferred embodiment, the dose of
tapentadol to be administered once daily or twice daily in the
course of each administration amounts to 150 mg (x75%),
more preferably 150 mg (£50%), still more preferably 150
mg (x30%), yet more preferably 150 mg (£20%), most pref-
erably 150 mg (x10%), and in particular 150 mg (£5%).
[0068] In yet another preferred embodiment, the dose of
tapentadol to be administered once daily or twice daily in the
course of each administration amounts to 200 mg (x75%),
more preferably 200 mg (£50%), still more preferably 200
mg (x30%), yet more preferably 200 mg (£20%), most pref-
erably 200 mg (x10%), and in particular 200 mg (£5%).
[0069] Ina preferred embodiment, the dose of tapentadol to
be administered once daily or twice daily in the course of each
administration amounts to 250 mg (£75%), more preferably
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250 mg (£50%), still more preferably 250 mg (£30%), yet
more preferably 250 mg (£20%), most preferably 250 mg
(£10%), and in particular 250 mg (£5%).
[0070] Preferably, tapentadol is administered once or twice
daily, but not longer than for 31 days, more preferably not
longer than for 28 days, still more preferably not longer than
for 25 days, yet more preferably not longer than for 21 days,
most preferably not longer than for 18 days and in particular
not longer than for 14 days.
[0071] Ina preferred embodiment, the pain to be treated or
the chronification of which to be inhibited is acute pain and
tapentadol is administered
[0072] during M, consecutive days of a phase O,
optionally in combination with another analgesic,
[0073] but not during M, consecutive days of a phase O,
directly following said phase O,;
wherein M,, and M, are independently an integer of from 1 to
100, preferably with the proviso that M,ZM,.
[0074] Preferred embodiments D' to D*? of phases O, and
O, are summarized here below:
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[0083] In another preferred embodiment, the pain to be
treated or the chronification of which to be inhibited is acute
pain, preferably postoperative pain and tapentadol is admin-
istered
[0084] not during N, consecutive days of a preferably
postoperative phase P,
[0085] but during N, consecutive days of a phase P,
directly following said preferably postoperative phase
P,
[0086] and not during N, consecutive days of a phase P;
directly following said phase P,;
wherein N, N, and N; are independently an integer of from
1 to 100, preferably with the proviso that N;=N,.
[0087] Preferably, under these circumstances, another
analgesic, preferably as defined above, is administered during
the N, consecutive days of the postoperative phase P,.
[0088] Instill another preferred embodiment, the painto be
treated or the chronification of which to be inhibited is acute
pain, preferably postoperative pain and tapentadol is admin-
istered

days El E2 E3 E4 E5 EG E7 ES EQ EIO Ell E12
oYM, =1 =1 22 =2 214 214 310 3-10 47 47 47 47
0M, =7 =7 27 27 =10 =210 210 =10 =14 =14 =14 =14
[0075] Ina preferred embodiment, the pain to be treated or [0089] during N, consecutive days of a preferably post-

the chronification of which to be inhibited is acute pain,
preferably postoperative pain and tapentadol is administered

[0076] during N, consecutive days of a preferably post-
operative phase P,, optionally in combination with
another analgesic,

[0077] during N, consecutive days of a phase P, directly
following said preferably postoperative phase P,
optionally in combination with another analgesic,

[0078] but not during N; consecutive days of a phase P,
directly following said phase P,;

wherein N, N, and N; are independently an integer of from
1 to 100, preferably with the proviso that N, ZN,.

[0079] When tapentadol is administered in combination
with another analgesic, said another analgesic is preferably
selected from the group of NSAIDs and opioids.

[0080] In apreferred embodiment, the daily dose of tapen-
tadol that is administered during the N, consecutive days of
the postoperative phase P, is identical with the daily dose of
tapentadol that is administered during the N, consecutive
days ofa phase P, directly following said postoperative phase
P,.

[0081] In another preferred embodiment, the daily dose of
tapentadol that is administered during the N, consecutive
days of the postoperative phase P, is higher than the daily
dose of tapentadol that is administered during the N, consecu-
tive days of a phase P, directly following said postoperative
phase P,.

[0082] In still another preferred embodiment, the daily
dose of tapentadol that is administered during the N, consecu-
tive days of the postoperative phase P, is lower the daily dose
of tapentadol that is administered during the N, consecutive
days ofa phase P, directly following said postoperative phase
P,.

operative phase P,
[0090] during N, consecutive days of a phase P, directly
following said preferably postoperative phase P,
[0091] and during N; consecutive days of a phase P;

directly following said phase P,;
wherein N, N, and N; are independently an integer of from
1 to 100, preferably with the proviso that N, =N,, and
wherein the daily dose of tapentadol administered during the
Nj consecutive days of phase P; is below the analgesically
effective daily dose of tapentadol, e.g. 25 mg.
[0092] Inapreferred embodiment, when phase P, is “post-
operative phase P, ”, it is defined as the period of time after the
surgery and in the post-anaesthetic care unit.
[0093] In another preferred embodiment, when phase P, is
“postoperative phase P,”, it comprises the inflammatory
phase and the proliferative phase of wound healing, but not
the remodeling phase. In this regard, postoperative wound
healing encompasses a complex series of events that begins at
the moment of injury and can continue for months to years
beginning with the inflammatory phase, followed by the pro-
liferative phase, which in turn is followed by the remodeling
phase. The inflammatory phase typically begins immediately
after the injury/surgery and lasts 2-5 days and is characterized
by hemostasis (vasoconstriction, platelet aggregation, clot
formation of thromboplastin) as well as inflammation (va-
sodilation and phagocytosis). The proliferative phase typi-
cally takes place 2 days to 3 weeks and is characterized by
granulation (fibroblasts lay bed of collagen, fill defect and
produces new capillaries), contraction (wound edges pull
together to reduce defect) and epithelialization (cross moist
surface, cell travel about 3 cm from point of origin in all
directions). Finally, the remodeling phase typically takes
place 3 weeks to 2 years and is characterized by new collagen
forms which increases tensile strength to wounds and scar
tissue.
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[0094] Inapreferred embodiment, N;=N, ZN,. In another
preferred embodiment, N;ZN,=N;,.

[0095] Preferred embodiments E* to E'? of phases P, P,
and P, are summarized here below:
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done, paraffins, waxes, naturally occurring and synthetic
gums, gum acacia, alginates, dextran, saturated and unsatur-
ated fatty acids, stearic acid, magnesium stearate, zinc stear-
ate, glyceryl stearate, sodium lauryl sulfate, edible oils,

days E' ¥ E* E* E° E* E E E EY E!2
P/N, =1 =1 =2 =2 27 27 25 25 25 25 2-5
P,/N, =7 =6 =7 =6 27 26 25 24 24 24 2-4
Py/N; =2 =4 =6 =8 =10 =12 =14 =16 =18 =20 =22 =24
[0096] Preferred embodiments F' to F'? of phases P,, P, sesame 0il, coconut oil, groundnut oil, soya bean oil, lecithin,

and P, are summarized here below:

sodium lactate, polyoxyethylene and polypropylene fatty

days F' F» P F P F¢ F’ F8 F® Fl° FL2
P/N, =1 =1 =2 =2 27 27 25 25 25 25 2-5
P,/N, =7 =6 =7 =6 27 26 25 24 24 24 2-4
Py/N; =2 =4 =6 =8 =10 =12 =14 =16 =18 =20 =22 =24
[0097] Preferably, tapentadol is administered in form of a acid esters, sorbitan fatty acid esters, sorbic acid, benzoic

pharmaceutical composition containing besides tapentadol,
additives and/or auxiliary substances.

[0098] Suitable additives and/or auxiliary substances in the
context of this invention are all the substances known to the
expert from the prior art for achieving galenical formulations.
The choice of these auxiliary substances and the amounts
thereofto be employed depend on whether the administration
unit/dosage form is to be administered orally, intravenously,
intraperitoneally, intradermally, intramuscularly, intrana-
sally, buccally or locally. Formulations in the form of tablets,
chewable tablets, coated tablets, capsules, granules, drops,
juices or syrups are suitable for oral administration, and solu-
tions, suspensions, easily reconstitutable dry formulations
and sprays are suitable for parenteral, topical and inhalatory
administration. Suppositories for use in the rectum are a
further possibility. The use in a depot in dissolved form, a
carrier film or a patch, optionally with the addition of agents
which promote penetration through the skin, are examples of
suitable forms for percutaneous administration.

[0099] Examples of auxiliary substances and additives for
the oral administration units/dosage forms are disintegrating
agents, lubricants, binders, fillers, mold release agents,
optionally solvents, flavorings, sugars, in particular carrier
agents, diluents, dyestuffs, antioxidants etc. For supposito-
ries, inter alia, waxes and fatty acid esters can be used, and for
compositions for parental administration carrier substances,
preservatives, suspension auxiliaries etc. can be used.
[0100] The dosage forms comprise preferably 0.05 wt.-%
10 99.5 wt.-% of tapentadol, more preferably 0.1 to 90 wt.-%,
still more preferably 0.5 to 80 wt.-%, most preferably 1.0 to
50 wt.-% and in particular 5.0 to 20 wt.-%.

[0101] Auxiliary substances can be, for example: water,
ethanol, 2-propanol, glycerol, ethylene glycol, propylene gly-
col, polyethylene glycol, polypropylene glycol, glucose,
fructose, lactose, sucrose, dextrose, molasses, starch, modi-
fied starch, gelatine, sorbitol, inositol, mannitol, microcrys-
talline cellulose, methylcellulose, carboxymethyl cellulose,
cellulose acetate, shellac, cetyl alcohol, polyvinylpyrroli-

acid, citric acid, ascorbic acid, tannic acid, sodium chloride,
potassium chloride, magnesium chloride, calcium chloride,
magnesium oxide, zinc oxide, silicon dioxide, titanium oxide,
titanium dioxide, magnesium sulfate, zinc sulfate, calcium
sulfate, potash, calcium phosphate, dicalcium phosphate,
potassium bromide, potassium iodide, talc, kaolin, pectin,
crospovidone, agar and bentonite.

[0102] The administration units/dosage forms according to
the invention may be controlled release, delayed release, pro-
longed release/extended release, sustained release, repeat-
action release, etc. Prolonged release administration units/
dosage forms are preferred.

[0103] The administration units/dosage forms according to
the invention are prepared with the aid of means, devices,
methods and processes which are well-known in the prior art
of pharmaceutical formulation, such as are described, for
example, in “Remington’s Pharmaceutical Sciences”, ed. A.
R. Gennaro, 17th ed., Mack Publishing Company, Easton, Pa.
(1985), in particular in part 8, chapter 76 to 93.

[0104] Thus, e.g., for a solid formulation, such as a tablet,
tapentadol can be granulated with a pharmaceutical carrier,
e.g. conventional tablet constituents, such as maize starch,
lactose, sucrose, sorbitol, talc, magnesium stearate, dical-
cium phosphate or pharmaceutically acceptable gums, and
pharmaceutical diluents, such as e.g. water, in order to form a
solid composition which comprises tapentadol in homoge-
neous distribution. Homogeneous distribution is understood
here as meaning that tapentadol is uniformly distributed over
the entire composition, so that this can easily be divided into
unit dose forms, such as tablets, pills or capsules, having the
same activity. The solid composition is then divided into unit
dose forms. The administration units according to the inven-
tion can also be coated or compounded in another manner in
order to provide a dose form with delayed release. Suitable
coating compositions are, inter alia, polymeric acids and mix-
tures of polymeric acids with materials such as e.g. shellac,
cetyl alcohol and/or cellulose acetate.
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[0105] Tapentadol can be released in a delayed or pro-
longed or sustained manner from administration units/dosage
forms which can be used orally, rectally or percutaneously.
Corresponding formulations, in particular in the form of a
“twice daily (bid)” preparation which has to be taken only
twice a day (bid), are particularly preferred for the indication
according to the invention (cf. US-A-2005-58706).

[0106] Delayed or prolonged or sustained release of tapen-
tadol may be achieved by administration units/dosage forms
which contain tapentadol in a matrix, which contains e.g. 1 to
80% by weight, in particular 5 to 80 by weight, of one or more
hydrophilic or hydrophobic polymers as pharmaceutically
acceptable matrix forming agents and which comprise cellu-
lose ethers and/or cellulose esters having a viscosity (deter-
mined using a Pharm. Eu. capillary viscosimeter) of 3,000 to
150,000 mPa s in a 2% by weight aqueous solution at 20° C.
as pharmaceutically acceptable matrix forming agents. Pre-
ferred pharmaceutically acceptable matrix forming agents
include polyethylene oxide having a molecular mass of more
than 0.5 mio g/mol, cellulose ethers and/or cellulose esters
having a viscosity between 10,000, in particular 50,000 mPa
s, and 150,000 mPa s in a 2% by weight aqueous solution at
20° C. Particularly suitable pharmaceutically acceptable
matrix forming agents may be selected from the group con-
sisting of hydroxypropylmethyl celluloses (HPMCO),
hydroxyethyl celluloses, hydroxypropyl celluloses (HPC),
methyl celluloses, ethyl celluloses and carboxymethyl cellu-
loses and are selected, in particular, from the group consisting
of HPMCs, hydroxyethyl celluloses and HPCs. HPMCs hav-
ing a viscosity of approximately 100,000 mPa s, measured in
a 2% by weight aqueous solution at 20° C. are most preferred.

[0107] The administration units/dosage forms according to
the invention can exist both as a simple tablet and as a coated
tablet, for example as a film tablet or dragee. The tablets are
typically round and biconvex, but oblong tablet shapes which
allow the tablet to be divided are also possible. Granules,
spheroids, pellets or microcapsules which are poured into
sachets or capsules or may be compressed to disintegrating
tablets are also possible within the scope of the invention.

[0108] Instead ofa slow release matrix, it is also possible to
use a normal release matrix with a coating which retards
release of the active ingredient. For example, tapentadol can
be contained in a conventional matrix of microcrystalline
cellulose and optionally further pharmaceutical auxiliaries
such as binders, fillers, glidants, lubricants and flow regula-
tors, which are covered or coated with a material controlling
the slow release of tapentadol in an aqueous medium. Suit-
able coating agents include, for example, water-insoluble
waxes and polymers such as polymethacrylates (Eudragit or
the like) or water-insoluble celluloses, in particular ethyl
cellulose. The coating material can optionally also contain
water-soluble polymers such as polyvinyl pyrrolidone, water-
soluble celluloses such as hydroxypropylmethyl cellulose or
hydroxypropy! cellulose, other water-soluble agents such as
Polysorbate 80 or hydrophilic pore-forming agents such as
polyethylene glycol, lactose or mannitol.

[0109] As an alternative or a supplement to the possibilities
of a slow release matrix in the delayed release or prolonged
release or sustained release dosage forms or of a normal
release matrix with a coating which retards the release of
tapentadol, an osmotically driven release system can also be
used to achieve a slow release. Embodiments and examples of
the actual production of osmotically driven release systems
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can be found in U.S. Pat. No. 4,765,989, U.S. Pat. No. 4,783,
337, and U.S. Pat. No. 4,612,008.

[0110] The following examples further illustrate the inven-
tion but are not to be construed as limiting its scope.

Example 1
Paw Incision Model for Postoperative Pain

[0111] Post operative, incisional pain is a common form of
persistent, acute pain. Brennan et al. (Brennan T J, Vander-
meulen E P, and Gebhart G F. Characterization of a rat model
of incisional pain. Pain 1996; 64:493-501) developed a post
operative model in rats with surgical intervention on the plan-
tar surface of the hind foot for the evaluation of novel anal-
gesic therapeutics. A surgical incision of the rat foot causes a
reliable and quantifiable tactile hypersensitivity during the
initial post operative period and lasting for several days after
surgery. This model may thus be useful for predicting anal-
gesia by investigational agents for post operative pain.

[0112] Theexperiments were carried out in male albino rats
(Sprague Dawley) with 170 g-230 g body weight from a
commercial breeder (Charles River, Germany). Surgery was
performed as previously described. Brennan et al. (Brennan T
J, Vandermeulen E P, and Gebhart G F. Characterization of a
rat model of incisional pain. Pain 1996; 64:493-501). Briefly,
rats were anaesthetised with isoflurane, and a 1 cm longitu-
dinal incision was made, through skin and fascia ofthe plantar
aspect of the foot, starting from the proximal edge of the heel
and extending toward the metatarsal toes. The plantaris
muscle was elevated and incised longitudinally. The muscle
origin and insertion remained intact. After spreading of the
muscle and haemostasis with gentle pressure, the skin was
closed with two single interrupted sutures. After surgery, the
rats were allowed to recover in their home cages and the
animals regained consciousness within 2 to 5 minutes. In
order to ensure a complete recovery from anaesthesia the
baseline value of each individual animal was recorded not
until 2 hours after surgery.

[0113] The rats were placed in a plastic cage with a wire
mesh bottom which allowed full access to the paws. Hind paw
withdrawal threshold after mechanical stimulation was tested
with electronic von Frey hairs (Somedic Sales AB, Horby,
Sweden). Ten rats were used per experimental group. Ani-
mals were placed in a plastic cage with a wire mesh bottom
which allowed full access to the paws. Behavioral accommo-
dation was allowed for 30 min. In each case, withdrawal
response was measured at an area adjacent to the wound
(ipsilateral) and to the same area on the non-injured foot
(contralateral). Two hours after surgery, primary hypersensi-
tivity was tested as tactile withdrawal threshold (tactile hype-
ralgesia) shortly before drug administration and at different
time points after drug application. Animals injected with
vehicle served as controls. The pretest measurement was
made prior to surgery and two thresholds were taken per test
and averaged. Ten rats were used per experimental group.
Tactile withdrawal threshold was measured pre and after sub-
stance administration from day 1 to day 5 post surgery. From
day 6 to day 13 post surgery the withdrawal threshold was
measured without substance administration (wash out phase).
The efficacy was expressed as MPE %=% of maximal pos-
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sible effect, whereas MPE is defined as 100% reversal of
tactile hyperalgesia compared to vehicle group.

Tapentadol: Administration Dose/Route

[0114] Tapentadol at the dose of 14.7 mg/kg intraperitoneal
route (i.p.) was adminstered twice daily (BID) (7 a.m./7 p.m.)
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[0119] On the third day of washout (day 8) the remaining
efficacy was 3%, and increased on the following day (day 9)
to 17% (FIG. 3; Table 1). This remaining efficacy was 74% of
the efficacy after substance treatment on day 5 (FIG. 4). After
7 days of washout the remaining efficacy was 9%, which
represented 39% of the efficacy after substance treatment on
day 5 (FIG. 4).

TABLE 1

Effect of Tapentadol on tactile hyperalgesia in
the paw incision model for postopertative pain

MPE %
time [day]
group dose [mg/kg] d2_05h pre-d 3 d3-0.5h
vehicle 14.7 1.20 £0.75 0.00 £0.32 0.0 £0.49
Tapentadol 38.3 £4.58 *** -0.6 £2.21 n.s. 36.8 2,41 ***
dose [mg/kg] pre-d 4 d4-05h pre-d 5
14.7 1.90 £0.68 0.30 £ 0.63 0.90 +0.82
—-6.00 £ 1.63 ** 34.5 £3.27 *** -6.60 = 1.67 **
dose [mg/kg] d5-05h pre-d 8 pre_d9
14.7 1.10 £0.59 7.70 £1.96 7.20 £1.26
22.8 £5.29 *** 2.60 +2.51 n.s. 17.2 £343 **
dose [mg/kg] pre-d 10 pre-d 11 pre_d 12
14.7 4.80 £0.82 3.00 £1.22 5.00 £ 1.30

11.4 £3.21 *** 8.90 x 2.59 *** 8.60 = 3.94 ***

MPE % = % of maximal possible effect; MPE is defined as 100% reversal of tactile hyperalgesia compared to vehicle
group; pre = pre substance administration or effect without treatment; pre-d 8 to pre d-9 = effect in washout phase;
d2_0.5 h=effectat 0.5 h after substance treatment on day two after surgery; no analysis on the day of surgery (day
1); similar abbreviations for the other days

[N =10 animals per group.

ik < 0,001
w2 p <001,
* = p<0.05,

n.s. = not significant.]

throughout day 1 to day 5. The first administration was given
20 min before surgery on day 1. From day 6 to day 13 no
substance was given (wash out phase) The study scheme is
schematically illustrated in FIG. 1.

Results

[0115]
tactile stimuli (decreased withdrawal threshold to stimulation

As evidenced by FIG. 2, increased sensitivity to

with von Frey hair, so-called tactile hyperalgesia) starts
shortly after paw incision and lasts until the end of the study
(for at least 12 days post surgery).

[0116] The effect of tapentadol on sustained tactile hyper-
algesia following surgical lesion outlasts treatment duration
(i.e. still present in washout phase) (FIG. 3; Table 1).

[0117] Intraperitoneal administration of Tapentadol at the
dose of 14.7 mg/kg (BID) showed an effect of 38.3+5.48%
(reduction of tactile hyperalgesia) compared to the saline
group; (FIG. 3; Table 1).

[0118] After 5 days of BID intraperitoneal treatment the
efficacy was 22.8+5.29% (last day of treatment) (FIG. 3;
Table 1).

Example 2

Respective Effects of Tapentadol on Mechanical
Allodynia/Hyperalgesia in Rats with Ligatures of the
Infraorbital Nerve Versus the Sciatic Nerve

Methods

[0120] Male Sprague-Dawley rats (Charles River Labora-
tories, L' Arbresle, France), weighing 150-200 g on arrival,
were used. Animals were maintained under controlled envi-
ronmental conditions (22+1° C., 60% relative humidity, 12
h/12 h light/dark cycle, food and water ad libitum) starting
from reception in the laboratory, for at least 1 week before any
intervention or treatment and thereafter, until euthanasia.

Chronic Constriction Injury to the Infraorbital Nerve (CCI-
ION)

[0121] Rats were anaesthetized with sodium pentobarbital
(50 mg/kg i.p.). Unilateral CCI-ION was performed under
direct visual control using a Zeiss microscope (10-25x).
Briefly, the head was fixed in a Horsley-Clarke stereotaxic
frame and a midline scalp incision was made, exposing skull
and nasal bone. The edge of the orbit, formed by the maxil-
lary, frontal, lacrimal, and zygomatic bones, was dissected
free. The orbital contents were then gently deflected to give
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access to the infraorbital nerve which was dissected free at its
most rostral extent in the orbital cavity, just caudal to the
infraorbital foramen. Only 5 mm of the nerve could be freed,
providing the space for placement of two chromic catgut (5-0)
ligations tied loosely (with about 2 mm spacing) around it. To
obtain the desired degree of constriction, the criterion formu-
lated by Bennett and Xie (1988) was used: the ligations
reduced the diameter of the nerve by a just noticeable amount
and retarded, but did not interrupt, epineurial circulation.
Finally, scalp incision was closed using silk sutures (4-0). In
sham-operated rats, the ION was exposed using the same
procedure, but was not ligated.

Chronic Constriction Injury to the Sciatic Nerve (CCI-SN)

[0122] Rats were anaesthetized as above and the common
sciatic nerve was exposed. Using a dissection microscope (2x
magnification), four chromic catgut (5-0) ligations were tied
loosely with about 1 mm spacing, proximally to the sciatic
trifurcation (Bennett and Xie, 1988). Finally, the skin and
muscle were sewed using silk sutures (4-0). In sham-operated
animals, the same surgery was performed, but the nerve was
not ligated.

[0123] For both CCI-ION and CCI-SN surgeries, rats were
gently put on a warming pad until recovery from anaesthesia
and then returned to their home cages (3 animals per cage of
42x42x18 cm).

Pharmacological Treatments

[0124] Tapentadol (1, 3 and 10 mg/kg i.p.), reboxetine (10
mg/kg i.p.), morphine (1 and 3 mg/kg s.c.) or their vehicle
(0.9% NaCl) were injected acutely 14 days after surgery,
when allodynia/hyperalgesia reached a plateau in both CCI-
SN and CCI-ION rats. Behavioral tests were performed at
various times for up to 4 h after injection. In drug association
procedure, reboxetine or saline was administered 15 min
before morphine or saline.

[0125] Subchronic treatment consisted of twice daily injec-
tions of tapentadol (10 mg/kg, i.p. at 10:00 am and 6:00 pm)
orsaline for 4 days starting on the 15 day after nerve ligation
in both CCI-ION and CCI-SN rats. Animals were further
injected with tapentadol (10 mg/kg i.p.) or saline at 10:00 am
the following day (19” day post-surgery), and assessment of
allodynia with von Frey filament tests (see below) was made
at various times up to 4 hours after this injection. All rats were
killed by decapitation 4 hours after the last injection for
real-time qRT-PCR determinations of specific mRNAs in
ganglia and central tissues (see below).

Behavioral Testing

[0126] Von Frey filaments in CCI-ION rats

[0127] Rats were placed individually in small (35x20x15
cm) plastic cages for a 2 h habituation period. Before any
stimulation session, rats freely explored the observation cage
and the testing environments for 2 h. Then mechanical sensi-
tivity was determined with a graded series of eleven von Frey
filaments (Bioseb, Bordeaux, France). The filaments pro-
duced a bending force of 0.40, 0.60, 1.00, 2.00, 4.00, 6.00,
8.00, 10.00 and 12.00 g, respectively. The stimuli were
applied within the ION territory (vibrissae pad) three times on
the nerve-injured side and then on the contralateral side for a
total of 6 applications of each filament per rat, always begin-
ning with the filament producing the lowest force. The von
Frey filaments were applied at least 3 seconds after the rathad
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returned to its initial resting state. For each session, the com-
plete series of von Frey filaments was tested in increasing
force order. Behavioral nociceptive response consisted of
either (1) a brisk withdrawal reaction: the rat pulled briskly
backward; (2) an escape/attack: the rat avoided further con-
tact with the filament either passively by moving its body
away from the stimulating object to assume a crouching posi-
tion against cage wall, sometimes with the head buried under
the body, or actively by attacking the stimulating object,
making biting and grabbing movements; or (3) asymmetric
face grooming: the rat displayed an uninterrupted series of at
least 3 face-wash strokes directed to the stimulated facial
area, often preceded by the brisk withdrawal reaction. The
latter responses represented the highest scores in the rank-
ordered response scoring system initially described by Vos et
al. (1994). Under our own conditions, the mechanical
response threshold was determined as the minimal force fila-
ment causing at least one among these responses to at least 2
out of the 3 applications in vibrissae territory. The 12.00 g
filament was the cut-off threshold (no tissue-injury occurred
with this pressing force). In the preoperative tests, stimulation
with the 12.00 g filament did not induce any nociceptive
behavior in the majority of the rats (>90%). To avoid nonspe-
cific responses, only these rats were included in the study.

Von Frey Filaments in CCI-SN Rats

[0128] Before testing, each rat was habituated for 2 h as
above, and mechanical sensitivity was then determined with a
graded series of eight von Frey filaments, that produced a
bending force of 6, 8, 10, 12, 15, 26, and 60 g, respectively.
The stimuli were applied within the SN territory (lateral part
of'the hind paw sole). Each filament was tested three times on
the nerve-injured side in increasing order starting with the
filament producing the lowest force. As for the CCI-ION rats,
the von Frey filaments were applied at least 3 seconds after the
rat had returned to its initial resting state. The minimal force
filament for which animals presented either a brisk paw with-
drawal and/or an escape attempt in response to at least 2 out of
the 3 stimulations allowed determination of the mechanical
response threshold. The 60.00 g filament was chosen as the
cutoff threshold to inhibit any tissue injury.

Paw Pressure Test in CCI-SN Rats

[0129] Nociceptive thresholds, expressed as g, were mea-
sured by applying increasing pressure to the nerve-injured
hindpaw using an Ugo Basile analgesimeter (Bioseb,
Chaville, France). The responses used to quantify the noci-
ceptive thresholds were the hindpaw withdrawal and the
vocalization of the animals (Randall and Selitto, 1957).
Increasing pressure was applied to the nerve-injured hindpaw
until hindpaw withdrawal and then a squeak (i.e. the vocal-
ization threshold when the paw was held under pressure) were
obtained. As hindpaw withdrawal is a spinally coordinated
reflex whereas vocalization is a supra-spinal integrated
response, this test provides a preliminary assessment of the
respective contribution of spinal versus supra-spinal mecha-
nisms.

Tissue Collection and RNA Extraction

[0130] Animals used for qRT-PCR procedure were decapi-
tated immediately after performance of von Frey filament test
four hours after the last injection of tapentadol or saline for
subchronic treatment conditions (see above). Trigeminal gan-
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glia and spinal nucleus pars caudalis (Sp5c) for CCI-ION rats
and [.4-L.5 dorsal root ganglia (DRG) and the ipsi- and contra-
lateral dorsal quadrants of the lumbar enlargement of the
spinal cord for SN-CCI rats were dissected at 0-4° C., and
tissues were immediately frozen in liquid nitrogen and stored
at —80° C. For total RNA extraction, the NucleoSpin RNA II
extraction kit (Macherey-Nagel, Hoerdt, France) was used.

Real Time qRT-PCR

[0131] First-stranded cDNA synthesis (from 660 ng total
RNA per 20 pl reaction mixture) was carried out using Super-
Script™ III Reverse Transcriptase and random primers (250
ng per reaction), as recommended by the manufacturer (Invit-
rogen, Cergy Pontoise, France). PCR amplification, in tripli-
cate for each sample, was then performed using ABI Prism
7300 (Applied Biosystems, Courtaboeuf, France), ABgene®
ABsolute QPCR ROX Mix (ABgene, Couraboeuf, France)
and Assays-on-Demand Gene Expression probes (Applied
Biosystems) for target genes: Activating Transcription Factor
3 (ATF3; Rn00563784_ml), interleukin-6  (IL6;
Rn00561420_m1) and Brain Derived Neurotrophic Factor
(BDNF, Rn02531967_s1). Semi-quantitative determinations
were made with reference to the reporter gene encoding glyc-
eraldehyde  3-phosphate  dehydrogenase  (GaPDH;
Rn99999916_sl). The reaction started with the polymerase
activation step at 95° C. for 15 min and proceeded with 30-40
cycles of 15 s at 95° C. and 60 s at 60° C. The validity of the
results was regularly checked by running appropriate nega-
tive controls (replacement of cDNA by water for PCR ampli-
fication; omission of reverse transcriptase for cDNA synthe-
sis). Specific nRNA levels were calculated after normalizing
from GaDPH mRNA in each sample (Latrémoliere et al.,
2008). Data are presented as relative mRNA units compared
to control values.

Statistical Analyses

[0132] Results are expressed as the means+S.E.M.
Repeated measures’analysis of variance (ANOVA) followed
by Dunnett’s test was conducted to compare drugs effects
over time. One way ANOVA followed by Newman-Keuls test
was used to compare drugs effects on mRNA levels. Areas
under the time-course curves (AUC) were calculated using
the trapezoidal rule. Statistical significance of differences in
AUC values corresponding to various treatment groups was
analyzed by the Student’s t test. The significance level was set
at P<0.05.

Results

[0133] Effects of Acute or Subchronic Treatment with Tap-
entadol in CCI-SN Rats

Randall-Selitto Test

[0134] FIG. 5: Anti-hyperalgesic effects of tapentadol in
CCI-SN rats.
[0135] Tapentadol (10 mg/kg i.p.) or saline was injected (0

on abscissa) two weeks after unilateral chronic constriction
injury to the sciatic nerve, and the Randall-Selitto test was
used to determine pressure threshold values (as g) to trigger
hindpaw withdrawal (A) and vocalization (B) at various times
thereafter. Each point is the mean+S.E.M. of 4 independent
determinations. *P<0.05, compared to pressure threshold
values in control healthy rats (before surgery, C on abscissa),
Dunnett’s test.

Dec. 6, 2012

[0136] Pressure threshold values to evoke withdrawal of
hindpaw ipsilateral to CCI-SN (FIG. 5A) and vocalization
(FIG. 5B) were significantly decreased two weeks after uni-
lateral ligation of the sciatic nerve. At this time, acute i.p.
administration of saline did not significantly aftect CCI-SN-
induced decreases in both pressure threshold values (FIG.
5A,B). In contrast, tapentadol, at the dose of 10 mg/kg i.p.,
produced a rapid increase in these values, which lasted for at
least 60 min after the drug administration. Indeed, for the first
hour after tapentadol treatment, pressure threshold values to
cause hindpaw withdrawal did not significantly differ from
those determined in intact healthy rats, before surgery for
nerve ligations (FIG. 5A). Regarding vocalization, pressure
threshold values to trigger this response were even slightly
higher (+20%) for the first 45 min after tapentadol adminis-
tration in CCI-SN rats than in untreated healthy rats (FIG.
5B), suggesting the occurrence of an analgesic effect in addi-
tion to reversal of CCI-SN-induced hyperalgesia.

Von Frey Filaments Test

[0137] FIG. 6: Anti-allodynic effects of acute or subchronic
treatment with tapentadol in CCI-SN rats.

[0138] A-—Two weeks after unilateral chronic constriction
injury to the sciatic nerve, pressure threshold values (as g) to
trigger nocifensive responses to von Frey filaments applica-
tion onto the plantar surface of ipsilateral hindpaw were
determined at various times after acute injection of tapentadol
(1, 3 or 10 mg/kg, i.p.) or saline. B—On day 15 (D on
abscissa) after nerve ligation, rats were treated subchronically
with tapentadol (10 mg/kg, i.p., twice daily, at 10:00 AM and
6:00 PM) or saline for four days. On the following day (day 19
after surgery), both tapentadol- and saline-pretreated CCI-SN
rats were injected with tapentadol (10 mg/kg, i.p.; 0 on
abscissa) and then subjected to von Frey filaments’test
applied to ipsilateral hindpaw for determination of pressure
threshold values (as g) at various times thereafter. Each point
is the mean+S.E.M. of 5-10 independent determinations.
*P<0.05, compared to pressure threshold values determined
just prior to tapentadol or saline injection, Dunnett’s test.
[0139] Onabscissa: C, intact healthy rats before surgery; D,
day 15 after unilateral ligation of the sciatic nerve; 0, injection
of tapentadol or saline on day 15 (A) or day 19 (B) after
SN-CCI.

[0140] As depicted in FIG. 6, pressure threshold to trigger
hindpaw withdrawal in response to plantar application of von
Frey filaments on the ligated side was lowered by 85% in
CCI-SN rats compared to intact healthy rats. At the dose of 1
mg/kg i.p., tapentadol exerted a discrete effect only, resulting
in an approximately 40% (non significant) increase in pres-
sure threshold value for the first 15-30 min after injection
(FIG. 6A). In contrast, a huge effect was noted after the
administration of 10 mg/kg i.p. of tapentadol since pressure
threshold values no longer differed from healthy control val-
ues in CCI-SN rats at 15-30 min after the drug administration
(FIG. 6A). Thereafter, the effect of tapentadol progressively
vanished, and 90 min after the drug injection, mechanical
allodynia did not significantly differ from that measured in
saline-treated CCI-SN rats. At the dose of 3 mg/kg i.p., tap-
entadol also increased pressure threshold values, but to a
lower extent than 10 mg/kg i.p., indicating a clear dose-
dependent anti-allodynic effect of the drug in the 1-10 mg/kg
i.p. dose range in CCI-SN rats (FIG. 6A).

[0141] In order to assess the possible occurrence of sensi-
tization/desensitization to tapentadol under subchronic treat-
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ment conditions, a second series of experiments consisted of
comparing the effects of repeated versus acute treatment with
the drug. The data in FIG. 6B show that tapentadol adminis-
tration produced the same anti-allodynic effects whether
CCI-SN rats had been pretreated for the four preceding days
with saline or tapentadol. As after acute treatment in the
previous series of experiments (FIG. 6A), tapentadol mark-
edly increased pressure threshold values for the first 45 min
after injection, and this effect progressively disappeared fol-
lowing similar time course whether or not CCI-SN rats had
been pretreated with the drug (FIG. 6B).

Effects of Acute or Subchronic Treatment with Tapentadol in
CCI-ION Rats

Von Frey Filaments Test

[0142] FIG.7: Anti-allodynic effects of acute or subchronic
treatment with tapentadol in CCI-ION rats.

[0143] A—Two weeks after unilateral chronic constriction
injury to the infraorbital nerve, pressure threshold values (as
g) to trigger nocifensive responses to von Frey filaments
application onto ipsilateral vibrissal pad were determined at
various times after acute injection of tapentadol (1 or 10
mg/kg i.p.) or saline. B—On day 15 (D on abscissa) after
nerve ligation, rats were treated subchronically with tapenta-
dol (10 mg/kg, twice daily, at 10:00 AM and 6:00 PM) or
saline for four days. On the following day (day 19 after
surgery), both tapentadol- and saline-pretreated CCI-ION
rats were injected with tapentadol (10 mg/kg i.p.; 0 on
abscissa) and then subjected to von Frey filaments’test
applied to ipsilateral vibrissal pad for determination of pres-
sure threshold values at various times thereafter. Each point is
the mean+S.E.M. of 4-8 independent determinations. *P<0.
05, compared to pressure threshold values determined just
prior to tapentadol or saline injection, Dunnett’s test.

[0144] Onabscissa: C, intact healthy rats before surgery; D,
day 15 after unilateral ligation of the infraorbital nerve; O,
injection of tapentadol or saline on day 15 (A) or day 19 (B)
after CCI-ION.

[0145] A marked mechanical allodynia was observed two
weeks after unilateral CCI to the infraorbital nerve. As shown
in FIG. 7A, pressure threshold value to trigger nocifensive
response to the application of von Frey filaments onto vibris-
sal pad in CCI-ION rats was less than 5% of that determined
in intact healthy rats. Acute i.p. administration of tapentadol
at 1 mg/kg i.p. produced an up to 6-fold increase in pressure
threshold value compared to that determined in saline-treated
CCI-ION rats. This increase developed progressively for the
first 45 min after tapentadol injection, then pressure threshold
values returned, within the following 45 min, down to the
same bottom level as that found in saline-treated CCI-ION
rats (FIG. 7A). At the dose of 10 mg/kg i.p., the anti-allodynic
effect of tapentadol was markedly larger in both amplitude
and duration since 30-60 min after the drug injection, pres-
sure threshold values were up to 15-20-fold higher than those
determined prior to injection. Furthermore, at this dose, the
anti-allodynic effect of tapentadol assessed through drug-
induced increase in pressure threshold values remained sta-
tistically significant for at least two hours after the drug injec-
tion (FIG. 7A).

[0146] Inasecond series of experiments, the same protocol
as that used above for subchronic treatment in CCI-SN rats
was applied to CCI-ION rats. It was noted that the anti-
allodynic effect of tapentadol (10 mg/kg i.p.) had the same
characteristics (amplitude, duration) whether CCI-ION rats
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had received repeated injections of saline or tapentadol for the
four preceding days (FIG. 7B). Therefore, neither in CCI-SN
rats nor in those with CCI-ION, any sign of sensitization or
desensitization to tapentadol under subchronic treatment con-
ditions could be detected.

Effects of Morphine and Reboxetine, Alone or Combined, in
Nerve-Ligated Rats

In CCI-SN Rats

[0147] FIG. 8: Dose-dependent anti-allodynic effects of
morphine in CCI-SN rats

[0148] Two weeks after unilateral chronic constriction
injury to the sciatic nerve, pressure threshold values (as g) to
trigger nocifensive responses to von Frey filaments applica-
tion onto the plantar surface of ipsilateral hindpaw were
determined at various times after acute injection (0 on
abscissa) of morphine (1, 3 or 10 mg/kg s.c.) or saline. Each
point is the mean+S.E.M. of 5-7 independent determinations.
*P<0.05, compared to pressure threshold values determined
just prior to morphine or saline injection, Dunnett’s test.
[0149] C on abscissa, intact healthy rats before surgery.
[0150] Before performance of these experiments, it was
first determined the dose-dependent effect of acute treatment
with morphine on mechanical allodynia in CCI-SN rats. As
shown in FIG. 8, morphine at the dose of 10 mg/kg s.c. fully
reversed CCI-SN-induced mechanical allodynia as soon as 30
min after the drug injection, and this effect persisted for at
least one hour. A the other two doses tested, 1 and 3 mg/kg
s.c., allodynia was not completely reversed by morphine and
the drug effect was of shorter duration (FIG. 4). This led us to
select these latter two doses for investigating whether or not
reboxetine could interact with the effect of morphine.

[0151] FIG. 9: Anti-allodynic effects of acute administra-
tion of reboxetine and morphine, alone or combined, in CCI-
SN rats.

[0152] Two weeks after unilateral chronic constriction
injury to the sciatic nerve nerve, pressure threshold values (as
g) to trigger nocifensive responses to von Frey filaments
application onto the plantar surface of ipsilateral hindpaw
were determined at various times after injection of reboxetine
(10mg/kgi.p.) or saline, followed 15 min later by injection of
morphine at 1 mg/kg s.c. (A) or 3 mg/kg s.c. (B) or saline.
Each point is the mean+S.E.M. of 5-6 independent determi-
nations.

[0153] *P<0.05, compared to pressure threshold values
determined in CCI-SN rats just prior to the second injec-
tion (2" arrow, 0 on abscissa), Dunnett’s test.

[0154] Bar diagrams: AUC values calculated from the
respective  time-course curves: R=reboxetine+saline;
M=saline+morphine; [RM]=reboxetine+morphine. The third
bar, R+M, corresponds to the sum of the first two bars, R and
M.

[0155] *P<0.05, Student’s t test.

[0156] In a first series of drugs combination experiments,
CCI-SN rats were injected with reboxetine (10 mg/kg i.p.) or
saline then morphine (1.0 mg/kg s.c.) or saline 15 min later,
and animals were subjected to von Frey filaments test for the
following 4 hours. As shown in FIG. 9A, only discrete
increases in pressure threshold values were noted after the
administration of either drug alone. In contrast, a significant
increase was noted after the combined treatment indicating a
clear-cut antiallodynic effect of reboxetine+morphine in
CCI-SNrats (FIG. 9A). Calculation of respective AUC values
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yielded for the reboxetine+morphine combination [RM] a
value 80% higher than the sum R+M of the respective values
for reboxetine or morphine administered alone (FIG. 9A),
indicating that the resulting antiallodynic effect of the drug
combination largely exceeded that expected from simple
addition of the effects of each drug considered separately.
[0157] Whether such an apparent synergy between rebox-
etine and morphine may also occur at the intermediate dose of
the opiate drug, 3.0 mg/kg s.c., was tested under the same time
conditions as before but in other groups of CCI-SN rats. Data
in FIG. 9B show that the combined treatment with reboxet-
ine+morphine was more effective than administration of
either drug alone to increase pressure threshold value to trig-
ger hindpaw withdrawal in the von Frey filaments test. How-
ever, calculation of corresponding AUC values indicated that
the overall anti-allodynic effect of the combination of rebox-
etine+morphine [RM] was only 25% higher (P>0.05, NS)
than the sum R+M of those induced by each drug adminis-
tered alone (FIG. 9B). Accordingly, with 3.0 mg/kg s.c. of
morphine, no evidence of synergy between the anti-allodynic
effect of this opioid receptor agonist and that of reboxetine
(10 mg/kg i.p.) could be evidenced.

[0158] In CCI-ION Rats

[0159] FIG. 10: Anti-allodynic effects of acute administra-
tion of reboxetine and morphine, alone or combined, in CCI-
ION rats.

[0160] Two weeks after unilateral chronic constriction
injury to the infraorbital nerve, pressure threshold values (as
g) to trigger nocifensive responses to von Frey filaments
application onto ipsilateral vibrissal pad were determined at
various times after injection of reboxetine (10 mg/kg i.p.) or
saline, followed 15 min later by injection of morphine (3
mg/kg s.c.) or saline. Each point is the mean+S.E.M. of 5-6
independent determinations.

[0161] *P<0.05, compared to pressure threshold values
determined in CCI-ION rats just prior to the second injection
(2" arrow, 0 on abscissa); Dunnett’s test.

[0162] Bar diagrams: AUC values calculated from the
respective  time-course curves: R=reboxetine+saline;
M=saline+morphine; [RM]=reboxetine+morphine. The third
bar, R+M, corresponds to the sum of the first two bars, R and
M

[0163] *P<0.05, Student’s t test.

[0164] Forthis series of experiments, morphine was used at
the dose of 3 mg/kg s.c. because previous studies showed that
the potency of morphine to alleviate neuropathic pain was
much less in CCI-ION rats than in CCI-SN rats. Indeed, even
at this dose which was clearly anti-allodynic in CCI-SN rats
(see FIG. 8), morphine produced only a discrete effect in
CCI-ION rats. At its maximum, the resulting increase in
pressure threshold value only reached 20% of that determined
in healthy intact rats (FIG. 10). On the other hand, reboxetine
(10 mg/kg i.p.) was completely inactive on its own (FIG. 10).
In contrast, the combination of reboxetine+morphine exerted
a clear-cut anti-allodynic effect, which was markedly higher
than that evoked by either drug alone. Indeed, AUC values
showed that the overal effect of the combination of reboxet-
ine+morphine [RM] was 310% higher than the sum R+M of
the effects of each drug administered alone (FIG. 10).

[0165] The latter data strongly suggest that the synergy
between morphine and reboxetine was not only present in
CCI-ION rats but was even more pronounced than in CCI-SN
rats.
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Effects of Subchronic Treatment with Tapentadol on the Lev-
els of mRNAs Encoding ATF3, IL.-6 and BDNF in Ganglia
and Central Tissues in CCI-SN- and CCI-ION-Rats Versus
respective sham-operated rats

In CCI-SN-Versus Sham-Rats

[0166] Real-time qRT-PCR determinations of specific
mRNA levels were made in tissues dissected from rats sacri-
ficed 4 hours after the last injection of tapentadol or saline
performed under the subchronic 5-day-treatment conditions
(see Methods).

[0167] FIG. 11: Tissue levels of mRNA encoding ATF3,
IL-6 and BDNF in (A) ipsilateral DRG (L.4-1.6) and (B)
dorso-lateral quadrant of the lumbar enlargement in CCI-SN
and sham-operated rats—Effects of subchronic treatment
with tapentadol.

[0168] Saline or tapentadol was administered to CCI-SN
rats at days 15-19 under treatment conditions described in the
legend to FIG. 6. Rats were decapitated 4 h after the last
injection on day 19, tissues were immediately dissected in the
cold (0° C.) and processed for mRNA extraction and quanti-
fication by real-time gqRT-PCR. mRNA levels are expressed
with reference to transcript encoding the reporter gene
GaPDH. Each bar is the mean+S.E.M. of 5-6 independent
determinations. *P<0.05, compared to respective mRNA lev-
els in sham-operated rats treated with saline at days 15-19
after surgery, Newman-Keuls test. No significant differences
were noted between tapentadol- and saline-treated CCI-SN
rats.

[0169] Marked overexpression of ATF3 mRNA (by about
seven-fold) and IL-6 mRNA (by about 15-fold) was found in
ipsilateral (to the ligated sciatic nerve) L.4-L6 DRG of CCI-
SN rats compared to sham-operated animals (FIG. 11A).
Higher BDNF-mRNA levels in CCI-SN rats were also
observed in L4-1.6 DRG (FIG. 11A), but this change was of
lower amplitude (+56% over values in sham-operated rats)
than those of ATF3 and IL-6 mRNAs and did not reach the
critical level of statistical significance (P>0.05). In contrast,
in the ipsilateral dorsal quadrant of the lumbar enlargement of
the spinal cord at L.4-1.6, BDNF-mRNA levels were signifi-
cantly higher (+66%, P<0.05) in CCI-SN-compared to sham
operated-rats (FIG. 11B). On the other hand, no significant
differences in ATF3 mRNA and IL-6 mRNA levels in this
spinal cord area were found between sham-operated and CCI-
SN rats (FIG. 11B). Also, on the contralateral side, none of
these transcripts showed levels significantly different in
nerve-ligated compared to sham-operated rats, both in DRG
and the dorsal quadrant of the lumbar enlargement (not
shown).

[0170] As illustrated in FIG. 11A,B, levels of mRNA
encoding ATF3, IL.-6 and BDNF in both ipsilateral 14-1.6
DRG and dorsal quadrant of the lumbar enlargement of the
spinal cord were not significantly different whether CCI-SN
rats had been treated subchronically with tapentadol or saline.
These data suggest that, under the conditions used for sub-
chronic treatment, tapentadol did not interfere with the over-
expression of neuroinflammatory markers caused by CCI-
SN.

In CCI-ION-Versus Sham-Rats

[0171] FIG. 12: Tissue levels of mRNA encoding ATF3,
IL-6 and BDNF in (A) ipsilateral trigeminal ganglion and (B)
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caudal part of spinal trigeminal nucleus (Sp5c¢) in CCI-ION
and sham-operated rats—Effects of subchronic treatment
with tapentadol.

[0172] Saline or tapentadol was administered to CCI-ION
rats at days 15-19 under treatment conditions described in the
legend to FIG. 6. Rats were decapitated 4 h after the last
injection on day 19, tissues were immediately dissected in the
cold (0° C.) and processed for mRNA extraction and quanti-
fication by real-time qRT-PCR. mRNA levels are expressed
with reference to mRNA encoding the reporter gene GaPDH.
Each bar is the mean+S.E.M. of 5-6 independent determina-
tions. *P<0.05, compared to respective values in sham-oper-
ated rats treated with saline at days 15-19 after surgery, New-
man-Keuls test. No significant differences were noted
between tapentadol- and saline-treated CCI-ION rats.
[0173] Marked overexpression of ATF3 mRNA (by about
15-fold) and IL.-6 mRNA (by more than 20-fold) was
observed in the trigeminal ganglion on the lesioned side in
CCI-ION-compared to sham-operated rats (FIG. 12A). In
addition, BDNF mRNA was also upregulated (+82%) in the
ipsilateral trigeminal ganglion of ION ligated-versus sham-
rats, but to a lower extent than the other two mRNAs (FIG.
12A). In contrast, in the ipsilateral SpSc area, the levels of
mRNA encoding ATF3, 1L.-6 and BDNF did not differ
between CCI-ION- and sham-rats (FIG. 12B). Similarly, no
changes in the levels of these 3 specific nRNAs were noted in
both the trigeminal ganglion and the SpSc area on the side
contralateral to infraorbital nerve ligature in CCI-ION rats
compared to sham-operated animals (not shown). As noted
above for DRG and spinal cord, subchronic treatment with
tapentadol had no significant effects on ATF3, IL-6 and
BDNF mRNA levels in both the trigeminal ganglion and the
SpSc area ipsilateral to nerve ligation in CCI-ION rats (FIG.
12A, B).

CONCLUSIONS

[0174] Acute administration of tapentadol (1-10 mg/kg,
i.p.) significantly reduced allodynia in both CCI-SN and CCI-
ION rats. Although morphine (3 mg/kg, s.c.) or reboxetine
(10 mg/kg, i.p.) alone were only marginally active, the com-
bination of both drugs produced supra-additive effects like
those observed with tapentadol. Nerve ligation-induced over-
expression of ATF3-, IL-6- and BDNF-transcripts in ipsilat-
eral ganglia and/or central tissues was unchanged by sub-
chronic antiallodynic treatment with tapentadol.
[0175] Antimigraine drugs such as triptans and CGRP
receptor antagonists have clear-cut antiallodynic effects in
CCI-ION rats. Because tapentadol also reduces mechanical
allodynia in CCI-ION rats, there is indication that unexpect-
edly, tapentadol is also endowed with antimigraine proper-
ties.
[0176] The foregoing description and examples have been
set forth merely to illustrate the invention and are not intended
to be limiting. Since modifications of the described embodi-
ments incorporating the spirit and substance of the invention
may occur to persons skilled in the art, the invention should be
construed broadly to include all variations within the scope of
the appended claims and equivalents thereof.

1. A method of treating pain in a subject suffering from pain
chronification or for inhibiting pain chronification in a subject
suffering from pain and at risk for pain chronification, said
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method comprising administering to said subject an effective
pain alleviating or pain chronification inhibiting amount of
tapentadol.

2. A method as recited in claim 1, wherein said subject is a
subject suffering from pain and at risk of pain chronification,
and the tapentadol is administered in an effective pain allevi-
ating and pain chronification inhibiting amount.

3. A method as recited in claim 1, wherein said subject is a
subject suffering from pain and pain chronification, and the
tapentadol is administered in an effective pain alleviating and
pain chronification treating amount.

4. A method as recited in claim 1, wherein said subject is a
subject suffering from pain, and the tapentadol is adminis-
tered in an effective pain alleviating amount.

5. A method as recited in claim 1, wherein said subject is a
subject suffering from central pain.

6. A method as recited in claim 1, wherein said subject is a
subject suffering from peripheral pain.

7. A method as recited in claim 1, wherein said subject is a
subject suffering from acute pain.

8. A method as recited in claim 7, wherein said acute pain
is selected from the group consisting of mechanical pain, heat
pain, cold pain, ischemic pain, and chemical-induced pain.

9. A method as recited in claim 1, wherein said subject is a
subject suffering from pain selected from the group consist-
ing of postoperative pain, inflammatory pain, migraine-pain,
headache pain, irritable bowel syndrome pain, fibromyalgia
pain, arthritic pain, skeletal pain, joint pain, gastrointestinal
pain, muscle pain, angina pain, facial pain, pelvic pain, clau-
dication, postoperative pain, post traumatic pain, tension
headache pain, obstetric pain, gynecological pain, and che-
motherapy-induced pain.

10. A method as recited in claim 1, wherein said subject is
a subject suffering from postoperative pain and the tapentadol
is administered:

during N, consecutive days of a postoperative phase P,

during N, consecutive days of a phase P, following said

postoperative phase P,
but not during N consecutive days of a phase P, following
said phase P,;
wherein N, N, and N; each independently denote an integer
of from 1 to 100, with the proviso that N, =N,

11. A method as recited in claim 10, wherein N;=ZN, =N,
or N;=ZN,=N;,.

12. A method of treating or inhibiting migraine in a subject
suffering therefrom, said method comprising administering
to said subject an effective migraine treating or inhibiting
amount of tapentadol.

13. A method as recited in claim 1, wherein said subject is
a subject suffering from moderate or severe pain.

14. A method as recited in claim 1, wherein the tapentadol
is administered orally.

15. A method as recited in claim 1, wherein the tapentadol
is administered one daily.

16. A method as recited in claim 1, wherein the tapentadol
is administered twice daily.

17. A method as claimed in claim 1, wherein the tapentadol
is administered at a daily dose within the range of from 25 to
600 mg.



