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USE OF ACETYL L-CARNITINE FOR THE PREPARATION OF A MEDICATION FOR THE
PREVENTIVE THERAPY FOR PAIN

The present invention relates to the use of acetyl L-carnitine
for the preparation of a medicament having analgesic activity.

By analgesia it is meant a condition where the stimulus of pain
present in the body is not perceived as pain.

An analgesic 1s a medicament capable of producing analgesia,
1.e. disappearance of pain, by intertering with the perception of the
nociceptive stimulus without inducing anesthesia or loss of
conscilence.

The administration of a medicament before the pain starts is
called preventive therapy for pain or pre-emptive analgesia.

By pre-emptive analgesia it is meant a therapeutical strategy
involving the precocious administration of a substance before the
painful event, capable of blocking the stimulus of pain before it
reaches the central nervous system, thus preventing the facilitatory
response raised by the nociceptive input to the spinal cord.

It 1s worth to mention that the efficacy of a pre-emptive
analgesic medicament not only depends on the time when the
administration step i1s carried out prior to the painful event, but also
on the real capacity of the medicament to prevent alterations of the

mechanisms of central sensitization related to pain.
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Therefore, this concept clarifies that the efficacy of a substance
depends on 1its being administered before the onset of the nociceptive
stimulus.

The pre-emptive analgesic property of the acetyl L-carnitine is
not known, while its antalgic activity in peripheral neuropathy of
different aetiology has been studied. This supposed antalgic activity
was attributed to the neurotrophic action of the substance, i.e. its
capacity to protect the peripheral nerve and/or stimulate its
regeneration.

Such use of acetyl L-carnitine 1s described in Clin. Drug Invest.
10(6): 317-322 of 1995. In the same study, the antalgic effect of the
substance 1s also mentioned, but the results are not significant from
a statistical point of view. Therefore, such use of acetyl L-carnitine
differs from the use proposed in the present invention, since the
former does not identify any analgesic etffect of the said substance.

The activity on pain of acetyl L-carnitine in patients with
peripheral neuropathies i1s described in Int J. Clin. Pharm. Res.
XV(1):9-15 of 1995 with statistically significant results.

This study also differs from the present invention, since it
concerns the neuropathic pain and the interventionist therapeutic
approach, rather than pre-emptive (block of painful mmput) or
preventive (before pain onset) as described in the present invention.

In Exp. Gerontol. 29(5):569-574; 1994 the use of the acetyl L-

carnitine in rats subjected to cold water stress to study the
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mechanisms mediated by the hypothalamus-pituitary-adrenal axis
in the analgesia induced by such stress.

By comparing young and old rats, this work discloses the
capacity of the acetyl L-carnitine to maintain an efficient stress
response in the old rats through a mechanism linked to the slowing
down of the age-dependent loss of the glucocorticoid receptors
located in the hippocampus, thus favoring the positive ageing of the
cellular structures in terms of maintenance and function.

The above-mentioned works describe the antalgic and capacity
of slowing down the aging process activity of acetyl L-carnitine, but
they neither describe nor suggest the use of the acetyl L-carnitine as
an analgesic compound, particularly as pre-emptive analgesic.

Drugs for the preventive treatment of pain are already known.

The indomethacin 1s active both 1n the prevention or reduction
of post-surgical pain in patients undergoing surgical interventions.
The side effects of this compound are: single or multiple ulcerations
of the upper gastro-intestinal tract and frontal headache (Goodman
and Gilman’s: The pharmacological basis of therapeutics. Hardman
JG, Limbird LE; Molinoff PB, Ruddon RW, editors: McGraw-Hill,
1997).

Clonidine and ketamine, which are compounds used as pre-
emptive analgesics, give rise to undesirable ettects, such as sedation,

anesthesia and immobility (Goodman and Gilman’s: The
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pharmacological basis of therapeutics. Hardman JG, Limbird LE; Molinoff PB,
Ruddon RW, editors: McGraw-Hill, 1997).

In the medical field, there is a great need for medicaments endowed
with analgesic activity, which can be useful for the preventive treatment of pain

and do not present the disadvantages of the above-mentioned medications.

It has now been found that the acetyl L-carnitine possesses
anailgesic activity and can be used as an agent useful for the preventive therapy

for pain.

In particular, the compound according to the present invention can
be used as a pre-emptive analgesic medication, as for example for the preventive

therapy of post-surgical pain.

The present invention relates to the use of the acetyl L-carnitine, or a
pharmaceutically acceptable salt thereof, for the preparation of a medicament

having analgesic activity.

The present invention relates to the use of acety! L-carnitine, or a
pharmaceutically acceptable salt thereof, for the preparation of medicament for

the preventive therapy for pain.

The present invention relates to the use of acetyl L-carnitine or a
pharmaceutically acceptable salt thereof, for the preparation of a medication with

high pre-emptive analgesic activity.

The present invention relates to the use of the acetyl L-carnitine, or a
pharmaceutically acceptable salt thereof, for the preparation of a medicament for

the preventive therapy of post-surgical pain.

The present invention relates to use of acetyl L-camitine, or a
pharmaceutically acceptable salt thereof, for the preventive therapy of post-

surgical pain.
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By pharmaceutically acceptable salt of the acetyl L-carnitine it is

meant any salt thereof with an acid that does not give rise to undersirable toxic

effects. These acids are well known to pharmacologists and experts in pharmacy.

Non-limiting examples of these salts are: chloride, bromide, orotate,
5 acid aspartate, acid citrate, citrate magnesium, acid phosphate, fumarate and acid
fumarate, fumarate magnesium, lactate, maleate and acid maleate, mucate, acid
oxalate, pamoate, acid pamoate, acid sulphate, phosphate glucose, tartrate, acid
tartrate, tartrate magnesium, 2-amine ethanesulphonate, magnesium 2-amine

ethanesuiphaonate, tartrate coline and trichloroacetate.

10 Briet Description of the Drawings

Figs. 1 to 4 graphically illustrate the resuits of Example 2.
Figs. 5 and 5b graphically tllustrate the results of Example 5.
Figs. 6 and 6b graphically illustrate the results of Example 6.
Fig. 7 graphically illustrate the results of Example 7.

15 The following exampies illustrate the invention.

EXAMPLE 1

The anti-nonciceptive profile of acetyl L-carnitine was assessed In
mice by carrying out both traditional tests on analgesia, such as hot-plate test
(thermal stimulus) and abdominal constriction test (chemical stimulus), and some

20 experimental models of hyperalgesia induced by:
- Intraperitoneal administration (IP) of 0.3% and 0.6% acetic acid solution;

- marphine withdrawal syndrome;



10

15

20

25

30

CA 02448242 2003-11-25
WO 02/096409 PCT/IT02/00336

- administration of kainic acid (20 mg/kg, IP);
- administration of N-methyl-D-aspartate (1.64 pg/mouse
intrathecal)

The first experiment was the hot-plate test.

Male Swiss Webster mice weighing between 22 and 30 g were
used.

The test was carried out according to O'Callaghan and
Holtzman in J. Pharmacol. Exp. Ther. 197: 533-537, 1976.

According to this test, a stainless steel container i1s to be
placed in a bain-marie at a temperature of 52.5°C.

The mouse was removed from the hot plate immediately upon
the first sign of painful stimulus. The maximum latency time
registered on the hot plate was 45 seconds.

The values of analgesia were determined at 15 minute-
intervals.

The data of Table 1(A) show that the acute subcutaneous (SC)
administration of acetyl L-carnitine at a dose of 100 mg/kg did not

exert any protective etfect.
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TABLE 1 (A)
Acute SC treatment
Hot plate "_ o
Licking latency (sec . |
Before After treatment
i o | treatment B -
15 min 30 min 45 min
Physiological 13.6£1.2 | 14.7+1.5 [13.1+1.8 [ 14.5t1.6 |
Solution (PS) (20) | (20) (20) | (20) |
Acetyl L-carnitine 13.9£0.7 17.3£1.7 |16.8t1.2 | 15.2+1.7
100 mg/kg 80 80) | (B0 | (30)

Values are mean + standard error.
In brackets 1s reported the number of animals.

The data of Table 1(B) referring to the animals treated with
acetyl L-carnitine at a dose of 100 mg/kg, twice a day (BID), SC for

7 days show a statistically significant antinociceptive etfect.

TABLE 1 (B)
7-day sub-chronic treatment (SC)
___ I ~____ Hot plate - -
B - | Licking latency (sec) o -
Betfore After treatment
- treatment - .
15 min 30 min 45 min
Physiological 16.4+£1.6 17.5£1.5 | 15.3x1.9 | 14.9+2.1
‘solution | (20) (20) (20) (20) |
Acetyl L- 21.8x1.1A | 22.1+£1.87A | 22.5x1.97 | 22.2+1.7A
carnitine (41) (41) (41) | (41)
100 mg/kg BID ) o

Values are mean = standard error.

In brackets is reported the number of animals;
Ap<0.05 compared with the group treated with PS.

When the acetyl L-carnitine was administered for 14 days, it
did not affect the intensity of the antinociceptive effect, which was

the same as after 7 days, but the test failed to be statistically
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significant, because the stress caused by the repeated
administrations (two injections/die for 14 days) made the tolerance

threshold of the control rats increase by some seconds, Table 1 (C).

TABLE 1 (C
14-day sub-chronic treatment (SC)

] o - __Hot plate B o -
Licking latency (sec}) - |
Betore After treatment
| treatment | i _ —
o S | 1Smmin | 30min | 45 min
Physiological 18.7x1.7 19.1+2. 17.9+2.4 | 18.0£2.0
solution (7) | (7) (7) (7)
Acetyl L-carnitine | 22.4£1.4 |22.1£2.7 | 22.5t2.1 | 23.442.0
100 mg/kg BID |  (27) | (27) | (27) 27)

Values are mean * standard error.
In brackets is reported the number of animals.

The antinociceptive action of acetyl L-carnitine persisted even
7 days after the last 14 day-series of injections at a dose of 100
mg/kg BID, SC, Table 1 (D).

TABLE 1 (D
7 days after the end of the 14-day-treatment

- o ‘Hot E_fa__‘_ce_ ) - o
- Licking latency (sec) o
Betore After treatment
- treatment |
| 15 min 30 min | 45 min

Physiological T 14.0t1.2 | 15.1£2.0 |13.8t2.5 | 13.0%2.1

solution - (7) l
Acetyl L-carnitine 19.2+1.6A |21.1£1.9A | 18.5£1.8 | 19.0£2.3

1100 mg/kg BID (12) | (12) | (12) | (12)
Values are mean * standard error.

In brackets is reported the number of animals;

Ap<0.05 compared with the group treated with PS.
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In this case, the pain threshold of the control rats returned to
the initial values and, therefore the increase of the licking latency
was found to be again statistically significant.

In the same test, the acetyl L-carnitine did not affect the pain

threshold after 1-8 hours from one single administration of 100

mg/kg SC, Table 2.

TABLE 2
B SC treatment o -
Hot plate o
Licking latency (sec) B
| Before After treatment
- treatment | |
1h 2h 3h | 4h T6h 8h

Physiological 14.1 149 | 13.7 [13.8 |14.0 | 13.3 | 14.6
solution £1.0 | 1.7 | *1.9 |14 [+1.6 | 1.5 | #2.1

B I () 8) ® | @© | ® |
Acetyl 14.5 15.8 15.6 | 14.1 | 15.2 | 14.9
L-carnitine +0.9 +2.2 +1.9 | £2.0 | £1.9 +1.6
100 mg/kg (12) (12) (12 |12 | (a2

Values are mean * standard error.
In brackets is reported the number of animals.

The acetyl L-carnitine, at a dose of 30 mg/kg, SC, had no
analgesic effect on mice during the hot-plate test, both after acute

administration (Table 3 (A)), and administration of 30 mg/kg BID
SC for 7 days (Table 3 (B)).




10

15

CA 02448242 2003-11-25

PCT/IT02/00336

PP ——————

After treatment

WO 02/096409
10
TABLE 3 (A)
SC acute treatment
T ot plate

- - Licking latency (sec)

Betore
i L treatment B
N | [ 15min |
Physiological 1 13.4%1.1 14.3£1.3
solution | (10) (10)
Acetyl L-carnitine 14.2+0.9 15.8+1.8
30 mg/kg (15) (15)

Values are mean * standard error.

In brackets is reported the number of animals.

TABLE 3 (B

T

30min | 45 min

14.1x1.7 | 15.1£1.9
(10 | (10

16.5£2.0 | 15.0+2.1
i__GS) (15)

7-day sub-chronic treatment (SC)

Hot plate

Licﬁng latenc? (sec)

Betore After treatment
| B . treatment | =
B i | 15 min 30 min | 45 min
| Physiological 17.1£1.2 17.5¢1.9 | 16.6£1.8 | 15.9£2.1
‘solution (10) (10) (10) (10) |
Acetyl L-carnitine 15.8+1.3 16.3x2.1 | 17.3x1.9 |15.2%1.5
LSO mg/kg BID 1 (16) (16) | (16) (16)

Values are mean * standard error.

In brackets is reported the number of animals.

EXAMPLE 2

The second experiment was the abdominal constriction test.

Male Swiss Webster mice weighing between 22 g and 30 g

were used.

The abdominal constriction test was carried out according to

Koster et al. in Fed. Proc. 18: 412, 1959.
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According to this test, an IP injection of 0.6% acetic acid
solution is to be made 5 minutes before starting the observation,
which lasted 10 minutes.

In some experiments, the percentage of acetic acid was
reduced by half (0.3%).

When the abdominal constriction test was carried out by
using 0.6% acetic acid solution, it took 14 days of treatment before
the acetyl L-carnitine exerted an antinociceptive effect (100 mg/kg
BID, SC or IP), while both the acute administration (SC or IP), and
the one repeated for 7 days, always at the same dose, had no effect
at all (Figure 1).

Therefore, a 14-day administration was necessary to obtain
analgesia in this particular test involving intense abdominal pain.

When the abdominal contractions were induced by 0.3%
acetic acid, the statistic significance of the acetyl L-carnitine (100
mg/kg BID, IP or SC) was attained after a 7-day treatment (Figure
2).

Similarly to what observed in the hot-plate test, the acetyl L-
carnitine at a dose of 30 mg/kg IP (or SC) had no effect even after a
18-day treatment in presence of 0.6% acetic acid (Figure 3). Unlike
what happened in the hot-plate test, the statistic significance was
obtained after 14 days in presence of a small concentration of acid

(Figure 4).
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Both in the hot-plate test (Table 4 (A)), and in the abdominal

constriction test (0.3 and 0.6%) (Table 4 (B) and (C), no increase in

the pain threshold was observed in those mice receiving acetyl L-

carnitine solution (3 mg/ml) dissolved in a bottle for 7 and 14 days:

TABLE 4 (A

7 — 14 day sub-chronic treatment

L _ _ Hotplate |
- ~ Licking latency (sec) o
| - I Before treatment After treatment |
B o | 7 days | 14 days
Physiological 14.4%1.0 16.6£1.9 | 17.2+2.2
solution | (15) | @15 | (@15 |
Acetyl L-carnitine 13.810.8 17.8t2.3 | 18.8%2.5
3 mg/ml in (15) (15) (15)
drinking water - |
Values are mean * standard error.
In brackets is reported the number of animals.
TABLE 4 (B)
- - Number of constrictions
e o ~ (0.6% acetic acid) - -
B B Sub-chronic treatment B |

L 7 days 14 days ]
Physiological 33.1£3.6 25.844.8
solution B (19 ] _ (10p
Acetyl L-carnitine 31.5%4.0 28.3%£5.1
3 mg/ml in drinking (6) (6)
\water -

Values are mean * standard error.
In brackets is reported the number of animals.
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TABLE 4 (C

Number of constrictions (0.3% acetic acid)

PCT/IT02/00336

Sub-chronic treatmeﬁt

I | = T7days _ld days
Physiological solution 14.5£2.6 12.7+£3.4
| _ (19 __(10)

' Acetyl L-carnitine 12.7+£3.5 11.9+2.2
3 mg/ml 1n drinking (6) (6)
water - _

Values are mean + standard error.
In brackets is reported the number of animals.

In this case, it must be considered that the quantity of solution
drunk by the treated mice was roughly half of the normal quantity

of water drunk by mice of the same weight.

EXAMPLE 3

The analgesia induced by the acetyl L-carnitine (100 mg/kg
BID, SC for 7 days) was determined in presence of some antagonists
of some neurotransmission systems deeply 1nvolved in the
regulation of pain threshold, and in particular the naloxone (opioid
antagonist), the CGP-35348 (GABApR antagonist) and the alpha-
methyl-p-tyrosine (inhibitor of the synthesis of cathecolamines).

These compounds were not capable to antagonize the
analgesia induced by the acetyl L-carnitine (Table J).

In agreement with the standard procedures known by the

person skilled in the art, the doses used for any antagonist were the

minimum required to prevent the analgesia induced by morphine (7
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mg/kg SC) (1, 100 e 200 mg/kg IP), baclofen (4 mg/kg SC) and
amphetamine (1 mg/kg SC) (non-reported data) respectively.

According to these experiments, it was possible to exclude that
the oploid, GABAergic and -catecholaminergic/serotoninergic
systems were involved in the analgesia induced by the compound in
question.

On the contrary the treatment with compounds having
anticholinergic action, such as: atropine (non-selective muscarinic
antagonist), S-(-)-ET-126 (0.1 pg/mouse ICV) (M selective
antagonist), pirenzepine (0.1 pg/mouse ICV) (M; selective
antagonist) and hemicholintum-3 (HC-3) (1 upg/mouse ICV)
(Depletor of acetylcholine by the block of the choline reuptake) have
been found capable to antagonize the increase of the pain threshold

induced by the acetyl L-carnitine (Table 5).
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TABLE S5
o ~_ Hot plate - -
o B _Licking latency (sec) -
Betore | After After After |
- treatment treatment freatment treatment
Pre-Treat. | Treatment | I 15 min 30min | 45 min
Physiological | Physiological 15.6£0.9 14.7£1.5 14.9+0.8 14.8+0.8
solution solution
10 ml/kg (PS) L | |
Physiological Acetyl L- 21.8+1.1* 22.611.3* 22.5+1.3% 22.9+1.6A°
solution carnitine
10ml/kg | N | _ , -
Naloxone PS 14.0£0.7 13.3¢1.3 | 13.1%1.1 14.2+1.3
1 mg/kg . | .
Naloxone Acetyl L- 22.6x0.6* 22.311.9* 22. 1i2.0*T 20.6£1.2A
1 mg/kg | carnitine B o ) B |
CGP 35348 PS 14.4+0.8 12.4+1.0 12.6%1.3 12.2+1.6 |
100m8/k8_L ] S N (R .
CGP 35348 Acetyl L- 22.1+0.7* | 21.1£1.2 21.0£2.1A 20.3+1.9A
100 mg/kg | carnitine ) | B
Alpha-M-p-T | PS l 14.6%0.9 : 15.4%1.6 16.1+1.8 13.6+1.5
200 mg/kg . | |
Alpha-M-p-T | Acetyl L- 22.0+1.3* | 22.5+2.0% | 21.5#1.7* | 21.6+1.5A
200 mg/kg carnitine | | | - 1 |
Atropine PS | 14.1%0.9 13.7x1.1 | 15.4+1.2 13.1£1.9 |
5 mg/kg ’ ! L
Atropine . Acetyl L- 21.2+1.0A 11.4+1.7° 12.6x1.9° | 12.8%1.3°
S5 mg/k carnitine _ | |
HC-3 PS 14.1+0.9 13.7+1.1 15.4%+1.2 13.1£1.9
lug ICV. | - I ]
HC-3 Acetyl L- 22.0+1.1A 14.6+1.3° 14.0£1.8° 15.5+£1.9°
1ug ICV | carnitine o o | o
Pirenzepine PS 13.60.8 i 13.9+1.5 14.5t1.8 | 15.5%1.5
0.1 pg ICV N ) | . |
Pirenzepine Acetyl L- | 21.6£1.3A° 16.5£1.8° | 14.3+£2.0° 17.1£1.6°
0.1 pg ICV carnitine ] o
' S-(-)-ET-126 PS 15.0£1.0 15.3%1.8 16.2+1.9 16.1£2.0
0.1 ng ICV - | |
S-(-)-ET-126 ‘ Acetyl L- 22.9+1.3A 15.8+2.2° 16.9£2.3° 15.8£1.8°
0.1 ug ICV carnitine |

° p<0.01 compared with the group treated with Acetyl L-carnitine.
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The observation that the analgesia induced by the acetyl L-
carnitine is mediated by the M; muscarinic receptor sub-type is
confirmed by the application of the anti-sense strategy.

The administration of oligonucleotides against the gene coding
for the M, (aODN-anti M) receptor at a dose of 3 nanomoles for
each single intracerebroventricular injection (ICV) was found to be
capable to prevent the production of the antinociception induced by
the repeated administration of acetyl L-carnitine (100 mg/kg BID,
SC for 7 days) (Table 6).

The 1dea of carrying out this series of experiments with aODN
in the presence of acetyl L-carnitine comes from Ghelardini et al.
(Br. J. Pharmacol., 128, 1633-1640, 2000), who demonstrated that
both the physostigmine-induced analgesia, and the analgesia
induced by direct cholinomimetics are completely prevented by a
pre-treatment with aODN-anti-M; at a dose of 3 nanomoles/each
single ICV injection.

In the same experimental conditions, the pre-treatment of the
animals with the aODN (DOTAP) vehicle, as well as with the anti-
sense degenerate oligonucleotide (dODN) (mixture of 3 x 1014
different oligonucleotides each, present in the site of action at a
concentration lower than 10718 M) was found to have no effect on
the analgesia induced by acetyl L-carnitine (Table 6).

The data relating to the antagonism exerted by the

hemicholinium-3, it is possible to deduce that the acetyl L-carnitine
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does not act as a direct muscarinic antagonist, but it enhances the

functionality of the cholinergic system.

TABLE 6
B L ~___Hot plate ) .
B Licking latency (sec) B
Betfore After After After
B treatment | freatment | treatment | freatment
Pre-treat. |Treatment " 15 min ' 30 min 45 min
(ICV |
single
| Injection) - | o ]
AODN Physiological | 14.3+£1.2 15.5£2.3 15.4+1.6 16.0+£2.2
'3 nmol  |solution | I |
AODN Acetyl L- 13.5+0.8* [16.6+1.9* [15.8+1.8* [15.8+1.5*
3 nmol carnitine 3 | o
dODN Physiological |13.3x1.4 |12.9+2.4 |14.1+2.5 |15.3%2
3 nmol solution L B i B
dODN Acetyl L- 23.611.1_1 22.6x2.3 (21.941.5 [22.3%£1.7
3 nmol carnitine B

Acetyl L-carnitine: 100 mg/kg BID, SC, for 7 days.

aODN was injected via ICV on days 1, 4 and 7;
The nociceptive response has been recorded 24 hours after the last
injection of Acetyl L-carnitine.
Values are mean * standard error of at least 10 animals.
* p<0.01 compared with the group treated with dODN + Acetyl L-

carnitine.

EXAMPLE 4

The following tests have been carried out to determine the

effects that acetyl L-carnitine may have on the nervous system: the

rota-rod test, the hole board test and the sleep induction test.

Male Swiss Webster mice weighing between 22 g and 30 g

were used.
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The rota rod test was carried out by means of an apparatus
consisting of a platform and a 3 cm-diameter rotating rod (16-20
r.p.m.) with a non-slipping surface.

The integrity of the animals’ motor coordination was
determined according to the capacity of the mice to keep their
balance on the rotating rod.

At various intervals after the treatment, the parameter
considered was the number of falls of the animal within a 30
second-observation (Vaught et a., Neuropharmacol., 24: 211, 1985).

In the hole board test, the rat’s movements were recorded by
two separate photocell systems, which recorded both the
movements on the board (spontaneous motility) and how many
times the mouse put its head into the holes on the surface
(exploratory activity).

The mice were placed on the board one at a time and left free
to explore both the surface and the holes for S minutes.

In the sleep induction test with pentobarbital, the duration of
the loss of the writhing reflex was measured in the mice treated
with pentobarbital (60 mg/kg IP).

Motor coordination of the mice treated with the acetyl L-
carnitine (100 mg/kg BID, SC or IP for 7 and 14 days) was found
not different from motor coordination of the control mice treated
with physiological solution. The number of falls during the 30-

second observation, in fact, decreased progressively as the sessions
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were repeated and this proves that the treated mice had learnt to

keep their balance on the rotating rod:

TABLE 7 (A

7-day sub-chronic treatment (IP)

ROTA-ROD _

No. a-fail_s in 30 seconds

B | ) ] Before
treatment

After t_reatment

o | 15 min 30min | 45 min
Physiological 3.810.4 (5) |(2.0+£0.2 (5) |1.8x0.3 (5) [0.8+0.2 (5)
solution | | ~
Acetyl L-carnitine 3.6£0.5 (5) | 2.2£0.4 (5) | 1.5£0.3 (5) | 1.1+£0.3 (5)
100 mg/kg BID | L 1 _ _ R

Values are mean * standard error.
In brackets 1s reported the number of animals.
TABLE 7 (B)
14-day sub-chronic treatment (IP)
ROTA-ROD o
o ~_ No.offallsin 30 seconds )
Before | After treatment
freatment L ~ o

- o 135min | 30mn | 45 min
Physiological | 4.2+0.4 (5) [3.120.4 (5) [2.2+0.2 (5) [1.6+0.3 (5)
solution | I |
Acetyl L-carnitine | 3.9%0.5 (5) |2.9+0.3 (5) |1.7£0.4 (5) | 1.0+£0.3 (5)
100 mg/ kg BID | o

Values are mean * standard error.
In brackets is reported the number of animals.

The spontaneous motility and the exploratory activity of the

treated mice, which were determined through the hole-board test,

did not show any difference compared with the control group:
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TABLE 8
14-day sub-chronic treatment (SC)
o EXPLORATORY | LOCOMOTOR
- ACTIVITY ACTIVITY
No. of movements | No. of explorations
Physiological solution 09.4+7.7 (7) 21.3+5.6 (7)
Acetyl L-carnitine 52.3+6.5 (10) 24.0+5.1 (10)
100 mg/kg BID ]

In brackets 1s reportéd the number of animals.

Similarly to what observed i1n the two tests above, also in the

case of the sleep induction test with pentobarbital (60 mg/kg IP)

(administered 24 hours after the end of the treatments), the acetyl

L-carnitine (100 mg/kg BID, SC for 7 days) neither affected the

10 duration of sleep nor the induction times, unlike to what happened

with the piracetam (30 mg/kg IP):

TABLE 9
_ 4_ - __SLEEP _
Induction time Duration

_  mmn) | (min)
Physiological 3.3+1.8 (16) 24.2+6.0 (16)
solution | B _ . |
Acetyl L-carnitine | 3.312.1 (10} 23.5£3.4 (10)
Piracetam 4.5t2.1 (10) 12.5+5.3* (10)
30 mg/kg IP B -

15 Acetyl L-carnitine: 100 mg/kg BID, SC for 7 _aayé.
In brackets is reported the number of animals.

* p<0.01 compared with the group treated with physiological
solution.

20




10

15

20

CA 02448242 2003-11-25
WO 02/096409 PCT/IT02/00336

21

EXAMPLE S

The hyperalgesia induced by morphine withdrawal syndrome
was assessed. Male Swiss Webster mice weighing between 22 g and
30 g together with male rats were used.

To induce dependence, the morphine was dissolved in the
mice’s bottle; the dose of morphine was increased every 48 hours.

The solution of morphine was sweetened with 5% sucrose to
hide the bitter taste and was prepared according to the following
schedule: 1st and 2rd day 0.1 mg/ml; 34 and 4th day 0.2 mg/ml; Sth
and 6th day 0.3 mg/ml; 7th to 14th day 0.4 mg/ml.

The 7-day treatment with acetyl L-carnitine started from day 7
of morphine treatment.

The morphine solution contained in the bottle was replaced
with water on the morning of the 15t day. Four hours after the
solution had been replaced, the mice so treated showed during the
hot plate test, a significant reduction in the pain threshold which
reached its peak after 6 hours (11.8+0.8 seconds licking latency
compared with 15.7+1.1 seconds recorded in the control group).

Motor coordination and the spontaneous activity assessed
through the rota-rod test and the animex test respectively (Active 8
open field Activity System - Harvard Apparatus) did not appear to be
different between the mice with morphine withdrawal syndrome and

the mice treated with the sucrose solution used as a vehicle.
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The acetyl L-carnitine was found capable of reverting the
hyperalgesia induced by morphine withdrawal syndrome after the
repeated treatment (100 mg/kg BID, IP or SC for 7 days) (figure 5),
but not after one single administration (5 hours and 30 minutes
from the replacement of the morphine with water) (figure Sbis).
EXAMPLE 6

Male Swiss Webster mice weighing between 22 g and 30 g
were used in the kainic acid-induced hyperalgesia and the test was
carried out in compliance with the method described by Giovengo et
al. in Pain, 83: 347-358, 1999.

According to this test, the hyperalgesia — determined in the

mice through the hot plate test — is induced by a solution of kainic

~acid (20 mg/kg, IP).

The reduction in the pain threshold, which reached its peak
24 hours after the injection, persisted unchanged for a lot of days.

In this test, the 7-day repeated administration of acetyl L-
carnitine (which started 48 hours aiter the administration of kainic
acid) was found capable to revert the hyperalgesia (Figure 6), while
the single administration was found to have no anti-hyperalgesic

effect (Figure 6bis).
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EXAMPLE 7

In the test of hyperalgesia induced by NMDA (N-Metil-D-
Aspartate), male Swiss Webster mice weighing between 22 g and 30
g were used.

5 This test was carried out in compliance with what described in
the rats by Davies and Inturrisi in J. Pharmacol. Exp. Ther., 289:
1048-1053, 1999, but was applied to the mice by us.

According to this test, the hyperalgesia, assessed through the
hot plate test, 1s to be induced by intrathecal administration of an
10 NMDA solution (1.64 pg/mouse; administered around 15 minutes
after the last administration of acetyl L-carnitine).
The reduction in the pain threshold, which reaches its peak
15 minutes after the injection of NMDA, disappears within 30
minutes from the administration. Figure 7 shows the anti-
15 nociceptive effect exerted by the acetyl L-carnitine (100 mg/kg, BID,
SC or IP for 7 days) in presence of the reduction in the pain
threshold induced by NMDA.
In the same experimental conditions, the dose of 30 mg/kg
BID, IP or SC for 7 days was not found to be active (figure 7)

20 similarly to what can be observed in figure 6.
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CLAIMS:
1. Use of acetyl L-carnitine, or a pharmaceutically acceptable salt

thereoft, for the preparation of a medicament for the preventive therapy of post-

surgical pain.

2. Use of acetyl -carnitine, or a pharmaceutically acceptable salt

thereof, for the preventive therapy of post-surgical pain.

3. The use according to claim 1 or 2, wherein the acety! L-carnitine salt
IS chloride, bromide, orotate, acid asparate, acid citrate, citrate magnesium, acid
phosphate, fumarate, acid fumarate, fumarate magnesium, lactate, maleate, acid
maleate, mucate, acid oxalate, pamoate, acid pamoate, acid sulphate, phosphate
glucose, tartrate, acid tartrate, tartrate magnesium, 2-amine ethansulphonate,

magnesium 2-amine ethansulphonate, tartrate choline or trichloroacetate.
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FIGURE 1
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Acetyl L-carnitine Acetyl L-carnitine Acetyl L-carnitine
Acute treatment sub-chronic sub-chronic
Treatment (7 days) treatment (14 days)

Effect of acetyl L-carnitine on abdominal constriction induced by
0.6 % concentration acetic acid.

The answer to the pain stimulus was registered 30 minutes after the
acute administration of acetyl L-carnitine.

Acetyl L-carnitine sub-chronic treatment: 100 mg/kg i1.p. or s.c.
twice a day for 7 or 14 days. |

Each value represents the mean * standard error of 12 animals
* p< 0.05
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FIGURE 2

No. of abdominal constrictions
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Acetyl L-carnitine Acetyl L-carnitine
Acute treatment sub-chronic

Treatment (7 days)

Effect of acetyl L-carnitine on abdominal constriction induced by

0.3 % concentration acetic acid.
The answer to the pain stimulus was registered 30 minutes after the

acute administration of acetyl L-carnitine.

Acetyl L-carnitine sub-chronic treatment: 100 mg/kg i.p. twice a day
for 7 days. |

Each value represents the mean * standard error of 12 animals

* p< 0.05
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FIGURE 3
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FIGURE 4

No. of abdominal constrictions
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' Treatment {14 days)

Effect of acetyl L-carmitine on abdominal constriction induced by
0.3 % concentration acetic acid. |
The answer to the pain stimulus was registered 30 minutes after the
acute administration of acetyl L-carnitine.

Acetyl L-carnitine sub-chronic treatment: 30 mg/kg 1.p. twice a day
for 14 days.

Each value represents the mean + standard error of 12 animals

* p< 0.05
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FIGURE S

Licking latency (sec)
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FIGURE Sbis
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FIGURE 6

Licking latency (sec)
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SALINE | HEEEE KAINIC ACID j

Indoine-  Acetyl L-carnitine
thacine

1 100

mg kglip. mgkglsc

Effect of acetyl L-carnitine on hyperalgesia induced by morphine
withdrawal crises (hot-plate test). Comparison with indomethacin.
The stimulus to pain was registered 30 minutes after the last

‘administration of acetyl L-carnitine.
Kainic acid was administered 48 hours before the acetyl L-carnitine

treatment.
Acetyl L-carnitine sub-chronic treatment: 100 mg/kg s.c.

Each value represents the mean + standard error of 12 animals.
* p< 0.05 with respect to the group treated with saline.
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FIGURE 7

Licking latency (sec)

Acetyl L-carnitine

30 100
mgkglip. mgkglsc.

Effect of acetyl L-carnitine on hyperalgesia induced by N-methyl-D-
aspartate (NMD) (hot-plate test).

The stimulus to pain was registered 30 minutes after the last
administration of acetyl L-carnitine.

NMDA was administered 15 hours before the hot-plate test.
Acetyl L-carnitine sub-chronic treatment: 30 mg/kg i.p. or 100
mg/kg s.c. twice a day for 7 days. |

Each value represents the mean + standard error of 12 animals.
* p< 0.01 with respect to the group treated with saline.
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