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USE OF ACYLCARNITINES AS ANTITUMOUR AGENTS

The present invention relates to pharmaceutical
compositions with antitumour activity, containing as
active ingredient one or more acylcarnitines optionally in
combination with other substances with antitumour
activity. In particular, the invention 1relates to
pharmaceutical . .compositions with antitumour activity,‘

containing as active ingredient L-acetylcarnitine

optionally in combination with somatostatin. The invention

further relates to the wuse of acylcarnitines, in
particular L-acetylcarnitine, for the preparation of

medicaments . with antitumour activity. Carnitines (which

"herein means carnitine, as well as the acylderivatives,

- optical isomers and racemates thereof) are compounds

naturally occurring in wvarious organs and systems of a
number of living species, both vegetables and animals.

Such compounds are- availablé in the synthetic form, and

they are used in common-clinical practice in the trea'.trtient

of primary carnitine deficiency, senile dementia ' and

peripheral neuropathies. The recommended dosage for use in

-humans is about 30/mg/kg/day.

More particularly, acylcarnitines show a number of

- therapeutical  properties, in that  they  have

iuununomodulating, antibacterial, antifungal, antishock,
antidyslipidemic - activities. Furthermore, they have a
remarkable antiviral activity. - | | |
It has now been surprisingly " found that acyl-
carnitines have a remarkable antitumour activity.
It has, for  example, been  observed  that
acetylcarnitine o - (NN ,N,-trimethyl-B-écetoxy-butyrobe-

taine), of formula
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(CH3)3N+-CH2~?H-CH2*COO"
OCOCH1

mainly in 1its L form, has a strong antitumour activity,
both in animals and in humans and can therefore be used,
either alone o¢r 1n combination with other antitumour
medicaments, in the treatment of malignant tumours.

Pre-treatment with acylcarnitine, in particular with
L-acetylcarnitine, has been found to prevent the thriving
of transplanted neoplasms in the animais and the relapses
of resected neoplasms in humans.

The results obtained with L-acetylcarnitine
hydrochloride, which will hereinafter referred to as L-aC,
are reported 1n the following by way of example. It
should, however, ne taken into account that such
antitumour activity is not restricted to L-aC, but is also
shown by other acyvlcarnitines having an acyl residue
containing 3 to 18 carbon atoms, and that the
corresponding racemic forms also show said activity,
although to a lesser extent.

EXPERIMENTAL EVIDENCE

The studies carried out to prove the antitumour
activity exerted by L-aC, according to the present
invention, can be summarized as follows:

1. Effects of L-aC on cultured primitive human tumour
cells.

The effecrs of L-aC on cells from 4 primitive
epidermoid carcinomas of the larynx and 1 primitive
undifferentiated carcinoma of the nasopharynx were tested.

Tissue fragments from the cumouy mass were
mechanically dissociated in Hank's solutions adding an
antibiotic anc an antifungal Lo obtain a cell
monosuspension free of agglomerates. The resulting

suspension was centrifuged at 1200 rpm for S5 m' and the
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pellet was resuspended 1n MEM culture medium supplemented

with 10% of patient serum, to obtain a concentration of 2-
3 x 104 cells/ ml of medium.

1 ml Samples were prepared from the suspension, in
amounts equivalent to the number of the concentrations to
be assayed (0.2-20 mg/ml) as well as a control sample.

The suspensions were exposed to the medicament in
Dubnoff bath at 37¢C for 24Lh, then centrifuged and
resuspended 1in 1 m] of fixing solution (tris buffer +
methanol (1:3)) for 30 minutes and finally stained with
0.5% propyl iodide with simultaneous treatment with RNase.

Cytofluorimetri: analysis 1n order to evaluate the

percentage distribution o©f the cell cycle phases, was

performed by an Ortho Diagnostic Spectrum 111

cytofluorigraph, equipped with Graphic Method computerized
program.
The evaluation of the c¢ell sensitivity to the

medicament was based orn the extent of the perturbations

induced by L-aC on the cell cycle.

L-aC at a concentration of €.2 mg/ml proved to exert
on all the samples an activity slightly promoting the S
phase, inducing an about 10% increase in the percentage of
S phase cells compared with the control.

L-al at a concentration of 20 mg/ml caused a block 1in
the percentage of the cells in G phase, with the
inversion of the G,/%$+GoM ratio compared with the control.
In particular, a tumcur with a fpre-treatment G;/S+GyM
ratio of 31/69 showed, after the treatment, a 70/30 ratio.
2. Effects of L-aC ¢nn cultured secondayy human tumour

cells.

L-aC was tested on tumour c¢ells Irom lymph nodes

taken from the same patients from which the primitive

neoplasms had been taken.
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The activity of L-aC on tumour cells from said lymph

nodes, at a concentration of 20 mg/ml, was comparable, in
all samples, to that exerted at the same concentration on
cells from the primitive tumours.

In particular, a tumour with a pre-treatment Gj/S5+GoM
ratio of 20/80 showed, after treatment, a 74/26 ratio.

The studies of point 1 and 2 evidence that L-aC,

administered at a concentration of 20 mg/ml, 1s able to

impact "in wvitro" on the cell cycle of tumour cells,

inducing a marked block in Gy, thus remarkably inhibiting

cell replication and tumour progression.

3. Effects of L-aC on stabilized human neoplastic cell
lines

The effects of l-aC on stabilized human neoplastic
cell lines were tested using the methylene blue assay.

Acute promyelocytic leukem:a cell 1line (HL60) and
prostate (Du 145), colon (HT 28) ancd breast (MCF 7)
adenocarcinoma cell lines have been usec.

Cell suspensions at concentrations of 10° cells/ml
were prepared.

100 ul of the obtained cell suspension were
inoculated on 96 well plates and incubated at 37° for 12
hours, to obtain cell adhesion to the plates. After 12
hours, L-aC was added at the concentrations of 0.2 mg/ml,
2 mg/ml, 20 mg/ml. Afrer 72 hours, the culture medlum was
removed and 100 pl cf 100% ethancl were added for 30 min.
Subsequently ethancl was removed and 1% methyiene-blue was
added for 2 hours. The dye was then removed and the plates

were dried before adding 1M HC).

The cytotoxicity percentage was calculated using the

following formula:

(1 - [OD rreated cells/OD control cells) x 100.

The optical density was evaluated kv Uniskan micro-
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spectrophotometer with 630 nmwavelength filter.

Results

All the tested cell lines proved to be sensitive to
L-aC activity, althcugh with some differences.

Phenomena suggestive of programmed cell death were
already observed at a L-aC concentration of 0.2 mg/ml, in
all the assayed cell lines.

The induction of apoptosis has been detected due to
nuclear cromatin <condensation, c¢ytoplasmic shrinking,
endoplasmic reticulum dilatation and membrane blebbing
together with DNA fragmentation.

Said phenomena were more marked and evident in the
cells exposed to a L-aC concentration ¢f 2 mg/ml.

The induction ¢f apoptosis (appraised by Giemsa
staining) was 7remarkable mainly on stabilized human
neoplastic cell lines from breast and colon carcinomas.

In fact, c¢ytotcexicity on these cell lines, i.e. the
percentage of dead cells observed 43 hours after exposure
to concentrations of L-aC of 20 mg/ml, was respectively
68% and 63%.

Cytotoxicities on stabilized »uman neoplastic cell
lines from prostate carcinoma and acute promyelocytic
leukemia were respectively 58% and 52%. No significant
changes were observed in the L-aC corcentration range from
2 to 20 mg/ml.

4. "In vitro" short-term chemosensitivity assay.

The effects of L-aC on <cells from 4 primitive
epidermoid carcinomas of the _arynx and 1 primitive
undifferentiated carcinoma of the nasopharynx were tested.

Tissue fragments from the tumouy mass were
mechanically dissociated in Hank's solutions adding an
antibiotic and ar antifungal o obtain a cell

monosuspension free of agglomerates. The resulting
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suspension was centrifuged at 1200 rpm for 5 minutes and

the pellet was resuspended 1n MEM culture medium
supplemented with 10% of patient serum, to obtain a
concentration of 10° cells/ml. Subsequently, 180 ul of the
5 resulting suspension were dispensed 1n microplate wells
and incubated under 5% CO,; atmosphere at 37°C for 3 days.
After that, the antitumcor medicaments were added in the
amount of 20 ul for each well, at a concentration of 0.1x,
1x and 10x the maximum serum concentrations that can
10 usually be reached in clinical practice. 24h after the
beginning of the exposure to the antitumour medicament,
100 ul of MTT were added, and after 4h, a further 150 ul
of dimethylsulfoxide were added.
The optical density was evaluated by a Uniscan
15 microspectrophotometer with a 550 wmm wavelength filter.
Cytotoxicity was evaluated as percentage of the optical
density of the treated sample compared with the optical
density of the control.
Bleomycin (BLEQC), carboplatin (CDDP), 5-fluoruracil
20 (5-FU), wvincristine (VCR), epidoxorubicin (Epil-Dx) and
methotrexate (MTX) were tested for comparison purposes.
L-aC was tested at the following concentrations:
0.2 - 2 - 20 mg/ml.
IC 50 concentrations of L-aC were attained within &
25 range from 0.02 to 0.7 mg/ml, whereas IC 80 concentrations
of L-aC were reached in a range from 0.7 to 20 mg/ml
(Tables 1, 2, 3, 4, 5). The most active medicaments were
L-aC (4/5), VCR (4/5), MTX (2/5), Epi-Dx (2/5), 5-FU
(1/5) .
30 The addition of somatostatin to L-aC at
concentrations from 0.1 to 10 micrograms/ml surprisingly
caused an about 10% increase in its therapeutical

potential; in fact, in the tested case, particularly
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resistant to chemoantiblastics, the combination L-aC +

somatostatin proved Lo be one of the three most active
regimens.

The studies of point 4 evidence that L-aC has "in

5 vitro" antitumcur activity equal to or higher than that of

other antitumour compounds, and anyway comparable to that

of Vincristine, which 1s a substance having one of the

most potent antiblastic effects known to day but also much

more toxic than L-aC. Moreover, the combination of L-aC

10 with somatostatin causes an about 10% 1increase in 1its

therapeutical potential.
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In vitro short-term chemosensitivity assay (according
to Hill and coll.)

(cell vitality percentage alfter exposure to the

antitumoral) - Raw data
5 TABLE 1
cornncentration Q C.1x 1x 10x
VCR 100 7.8 4.6 3.8
10 CBP 100 T 7 €.5
Epi -Dx 100 14 7.8 4.8
5-FU 1070 43 12 5.7
MTX 109 13.5 5 3.9
LAC 100 &8 4.8 4
15
(Cells from nasopharynx carcinoma explant)
TABLE 2
20 concentrations () 0.1x 1x 10x
VCR 1.0 70 45 11
CBP 100 78 58 34
Epi-Dx 100 59 21 7
25 5-FU 100 53 38 13
BILM 100 55 36 17
LAC 100 62 32 15
Lac+Som 100 55 27 13

S’ PP | v~ SR sl btk . B DA S —rry v sl gy

b € Ay, -—— - A i Sl

30 (Cells from larynx carcinoma explant)
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TABLE 3
concentrations (; 0.1x 1x 10x
5 VCR 100 32 19 4.8
CBP 100 88 S50 21
Epi1-Dx 100 57 32 16
5-FU 100 52 45 23
BLM 100 B 68 34
10 LAC 100 472 24 7.2
(Cells from larynx Carcinoma explant;
TABLE 4
15 .
concentrations D 0.1lx 1x 10x
VCR 100 L.Y 1.3 1.3
MTX 100 18 4 3.1
20 Epi-Dx L30 16 8 8
5-FU L30 40 14 14
BLM 1990 82 78 62
LAC 100 3.8 1.5 1.4
25 (Cells from larynx Carcinoma explant)
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TABLE 5
concentrations 0 0.1x 1x 10x
VCR 100 23 4.2 2
CBP 100 72 53 45
Epi-Dx 100 60 21 18
5-FU 100 55 13 B.2
BLM 100 60 35 31
LAC 100 63 37 32

(Cells from larynx Carcinoma explant)
5. Effects of L-aC on Sprague-Dowley rats inoculated
with Yoshida ascitogenic tumour,

Yoshida tumour 18 a transplantable, ascitogenic
experimental tumour consisting ol histiocyte-like
immortalized cells.

The tumour causes, on the average 7 days after the
intraperitoneal i1noculation 1in Sprague-Dowley rat, the
formation of 120-150 ml of ascites which reappears 3-4
days after complete emptying of the peritoneal cavity and
induces death of al: <he animals w.thin 14-16 days after
lnoculation.

Treatment

300 Sprague-Dowley rats (4 months old, mean weight:
200 g), under standard feeding and temperature conditions
(25°C), were inoculated with Yoshida turmoury. The onset and
evolution of the tumour were checked by daily observation
and welghing. One week after the incculation of the
tumour, rats were divided 1in 6 groups and treated as
follows:

Group 1l: 50 rats were subjected, on day 8 to 14, to

daily emptying of 5 wml o©of ascitic £fluid which was
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substituted with 5 mli of saline solution;

Group 2: 50 rats were subjected, on day 8 to 14, to
daily emptying of 5 ml of ascitic £fluid which was
substituted with 50 mg of L-aC dijuted 1n 5 ml of saline

solution;

Group 3: 25 rats were subjected, on day 8 to 14, to
daily emptying of 5 ml of ascitic fluid which was
substituted with 80 mg of L-aC diluted 1n & ml of saline
solution;

oup 4: 25 rats were subjected, on day B to 14, to
daily emptying of 5 ml of ascitic £luid which was
substituted with 120 mg of L-aC diluted in 5 ml of
saline solution;

Group 5: 100 ratse were subjected, on day 8 to 14, to
evacuation on alternate days of 5 m. of ascitic £luid
which was substituted with 25 mg of L-aC diluted in 5 ml
of saline solution;

Group €: 50 rats were used as control and received no
treatment.

Results

All of the 50 animals of group_ 1 died within day 14
after inoculation of the tumour.

All of the 50 animals of group 2 died within day 14
after inoculation of the tumour.

All of the 25 animals of roup 3 died within the

farst 72 hours after the lst administration of the

substance, 1i.e. within day 10 after 1inoculation of the

tumour .

All of the 25 animals of grocup 4 died within the
first 24 hours from the 1st administration of the
substance, i.e. within day & after incculation of the
cumour.

Of the 100 animals of group &5, 47 were still alive
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on day 1% after inoculation of the tumour and showed a

remarkable reduction of the ascites amount.

The 50 animals of group 6 died within day 14 after
inoculation of the tumour.

The 47 survived animals, all belonging to group 5,
received the treatment for a further 2 weeks. O0Of said
animals, 21 died during the treatment, whereas 26 were
still alive on day 28 after inoculation of the tumour and
showed a complete disappearance of the ascitic fluid. The
animals appeared in good health, regularly fed and had
glossy, thick coat, lively motory activity and normal
sexual activity.

In order to evaluate any residuai neoplasms, the
survived animals were observed for & further 6 weeks
during which no deaths occurred. At the end of the
observation, 6 animals were sacrified and necroscopy
detected no presence of the disease. More specifically, no
ascites was evidenced and no tumour cells could be
detected after peritoneal washing with saline solution.

The studies of point &5 evidence that L-aC has a
potent "in vivo" antitumour activity, comparable to that
exerted "in vitro", at doses 1nducing plasmatic

concentrations comparacle to the concentrations used "in

vitro",
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6 . Effects of L-aC on the survived Sprague-Dowley rats
reinoculated with Yoshida tumour

20 survivors rats previocusly transplanted with
Yoshida tumour and subjected to the treatment on alternate
days with 25 mg of L-alC dialutec in 5 mi of saline solution
for 4 weeks, were reinoculated with the tumour, at the end
of the 6 week observation periocd.

Until day 14 afrer reinoculation, no animals showed
ascites. Reinoculation was repeated one more time, agaln
unsuccessfulily.

The studies of point 6 evidence that L-aC, has an "in
vivo" activity capable of inhibiting the thriving of the
tumour, which suggests the possibility to use the
substance in antitumour chemoprevention protocols.

7. Chemopreventive effects of L-aC treatment on Sprague-
Dowley rats Yoshida tumour inoculation and thriving.

In order to elucidate the actual chemoprevention
antitumour potentialit.ies of L-aC, 125 Sprague-Dowley rats
(4 months old, mean weight: 200 ¢), under standard feeding
and temperature conditions (25°C), were divided 1in 5
groups and treated as follows:

Group 1: 25 ra<ws were intraperitcneally treated, on
alternate days for 10 days, with 25 mg ©of L-aC diluted in
5 ml of saline solution. On day 10 thev were 1inoculated
with Yoshida tumour.

Group 2: 25 rats were intraperitoneally treated, on
alternate days for 10 days, with 25 mg ¢i L-aC diluted 1in
5 ml of saline solution. On day 10 thev were inoculated
with Yoshida tumour. Starting from dav 11, they were
further treated intraperitoneally, ¢n alternate days, with

25 mg of L-aC diluted in 5 ml of saline solution, for a

further 10 days.
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Group 3 25 previously untreated rats were

inoculated, on day 10, with Yoshida tumour. Starting from
day 14 they were intraperitoneally treated, on alternate
days, with 25 mg of L-aC diluted in 5 ml of saline
solution for 10 days.

Group 4: 25 previously untreated rats were inoculated
on day 10 with Yoshida tumour. On day 18 to 24 they were
intraperitoneally treated, on alternate days, with 25 mg
of L-aC diluted in 5 ml of saline solurtion for 10 days.

Group 5: 25 previously untreated rats were inoculated
on day 10 with Yoshida tumour. On day 18 to 24 they were
subjected to emptving, on alternate days, of 5 ml of
ascitic fluid which was substituted with 50 mg of L-aC
diluted in 5 ml ¢f saline solution.

The onset and evolution of the tumour were checked Ly
daily observation and weighing.

Results

In group_ 1, only 4/25 animals showed ascites on day
18 of observation, cay 8 after tumour inoculation. They
died within day 26 of observation, day 16 after tumour
inoculation.

Of the 21 "ascites-free" animals, 13 appeared free
from the disease and were sti.l alive at day 27 of
observation, day 17 after tumour inoculation whereas 1in
the remaining & ascites, at first not evident, developed
although late, and all animals died within day 27 of
observation.

In group 2, only 5/25 anima.s showed ascites on day
18 of observation, day 8 after tumour incculataion. The 20
"ascitis-free" animals were removec £from the group and
observed separately. Of them, 3 were stil. alive on day 27
of observation, day 17 after tumour 1inoculation and showed

markedly low or even no ascites amount.
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Of the 20 "ascites-free" animals, 18 appeared free
from the disease and still alive on day 27 of observation,
day 17 after tumour inoculation whereas 1in the remaining 2
ascites, at first not evident, develcped although late,
and all animals died within day 27 c¢f observation.

In group 3, 16/25 animals were still alaive on day 27
of observation, day 17 after tumour incculation and showed
markedly low or even no ascites amount.

In group 4, 11/25 animals were still alive on day 27
of observation, day 17 after tumcur inoculation and showed
markedly low or even no ascites amount.

In group 5, all the animals died withain day 26 of

observation, day 16 after tumour inoculation.
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On day 45 of observation, the surviving animals
appeared in good health, regularly fed and had glossy,
thick coat, lively motory actavity and normal sexual
activity.

5 In orxrder to evaluate any residual neoplasms, the
survived animals were observed fcr a further 6 weeks
during which no deaths occurred. &t the end of the
observation, 6 animals were sacrified and necroscopy
detected no presence ©of the disease. More specifically, no

10 ascites was evidenced and no tumour cells could be
detected after peritoneal washing with saline solution.

The above results not only bear out that L-aC has
strong "in vivo" antitumour activaty, comparable to that

- exerted "in vitro" and at doses wnducing plasmatic

15 concentrations comparable to the concentrations used "in

vitro", but also that L-aC has "in vivo" activity capable

of inhibiting the thriving of the tumour, which suggests

the possibility to wuse the substance 1n antitumour
chemoprevention protocols.

20 8. Effects of L-aC on patients with urinary bladder

multirecurrent neoplasia.

10 patients, B8 ma.es and 2 females, cf age from 55 to
75 years, all affected with multirecurrent urinary bladderx
neoplasia, at stages ranging from pTIiGINxMx and pT2G3NxMx,

25 were orally treated with L-aC, at a standard dosage of 2
g/day, for a time from 10 to 12 wmonths. They were then
subjected to follow-up ranging from 6 to 22 months.

Before treatment with L-aC, pat:.ents had undergone an
individual number of endoscopic resecticns (Turb), varying

30 from 6 to 19 and in 1 case partial cystectomy with
ureterocystoneostomy had been performed.

In all patients, treatment witn L-aC started

immediately after endoscopic resection.
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Patients were subjected t¢ quarterly endoscopic
verification for the first year from the beginning of the
treatment.

Already at the first contrcl, all patients were
negative for the tumour and remained negative in the
subsequent controls.

| After 4 negative quarterly controls, the endoscopic
control was performed every six months for a duration of 2
years.

To day, 2 patients have complsted the follow-up and
appear free from the disease whereas € are still under
study but they also prove to be free from the disease.

The two remaining patients dropped ocut of the study
as they moved to another town, »ut at the moment of the
dropping-out they appeared free from the disease.

Neither significant changes in the hematochemical
parameters nor side effects of any kind were observed
during the treatment.

The studies of point 8 evidence that L-aC has "in
vive" activity capable of contreolling tumour relapse 1n
resected carcinoma patients, causing nc toxic effects,
even in case of 1long-lasting treatments or in elderly
patients.

In brief, the studies up-to-now carried out prove
that:

1: L-aC "in vitro" at a concentration of 20 mg/ml,
is capable of impacting on the cell cycle cf tumour cells,
inducing a marked block in G, thus remarkably inhibiting
cell replication and tumour progreéssion.

2 - LL-aC has "in vitro" antitumour activity equal to
or higher than that o¢f other antitumour compounds, and
anyway comparable to that of Vincristine, which 1s a

substance having one of the wmost potent antiblastic
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effects known to day but 1s also much more toxic than L-

aC.

3: L-aC added to somatostatin increases its
antitumour therapeutical potential by about 10%.

4 : L-aC has "in vivo" a strong antitumour activity
comparable to that exerted "in vitrc”, at doses 1inducing
plasmatic¢c concentrations comparxable to the concentrations
used "in vitro".

5: L-aC has an "in vivo" activity capable of
inhibiting the thriving of the tumour, which suggests the
possibility to use the substance 1n chemoprevention
ant itumour protocols.

6: L-aC has "in vivo" activity capable of
controlling tumour relapse in resected carcinoma patients,
causing no toxic effects, even in case of long-lasting
treatments or in elderly patients.

The ant itumouy compositions according to the
invention can be formulated in pharmaceutical forms which
can be administered through the oral (for example tablets,
capsules, sachets) or parenteral route (for example vials
for intramuscular or intravenous injection or for
intraperitoneal administration), 1in unitary doses ranging
frcm 0.5 to 5 g of acylcarnitine, for example L-
acetylcarnitine, optionally in combination with other
antitumour medicaments at the suitable dosages. More
particularly, the <compositions of the invention can
contain a combinat ion of L-~acetylcarnitine and
somatostatin, which c¢an be administered at dosages of 1-5
g/day of L-acetylcarnitine, or even higher, depending on

the physician's opinior.
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Claims
1. Use of acetylcarnitine for the preparation of a

medicament for the treatment or prevention of malignant

5 tumours.

2. Use according to claim 1 of L-acetylcarnitine.

3. Use according to claim 1 or 2, wherein the medicament
10 1s in a form for oral, intramuscular, intravenous or

intraperitoneal administration routes.



(CH3)3N+-CH2~$H-CH2*COO"
OCOCH3
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