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ABSTRACT OF THE DISCLOSURE

The present invention relates to the use of
compounds having a phosphoamide linkage or an enol
phosphate linkage for the preparation of drugs intended

for the treatment of tumors.
' Advantageously, these compounds are selected

from creatine phosphate and phosphoenolpyruvic acid.
The invention is applicable especially to the

treatment of tumors resistant to chemotherapy.
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Use of creatine gﬂpsphape or phosphoenolpyruvic aclid for the

treatment of tumours

— . ——

The present invention relates to the use of
compounds having a phosphoamide linkage or an enol

phosphate linkage for the preparation of drugs intended
for the treatment of tumors.

Within the framework of the present descrip-
tion} compound having a phosphoamide linkage 1s under-

stood as meaning any compound whose chemical structure
contains a group

OH

|

~NH-P=0

OH

A preferred example of such compounds 1is creatine
phosphate, also called phosphocreatine, which 1s a
widespread substance in vertebrates, being present
especially in the striated muscle but absent from the
blood and extracellular fluids. Another example 1is
arginine phosphate, which is found in the muscles of
invertebrates.

Likewise, compound having an enol phosphate
linkage 1s understood as meaning any compound whose
chemical structure contains the group

?H[
—CI:-O.-II):O
CH_, OH

A preferred example of such compounds 1s phos-
phoenolpyruvic acid, which is an intermediate endo-
genous metabolite involved in glycolysis and which,
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under physioclogical conditions, is therefore localized
in the cells and absent from the blood.

The phosphoamide or enol phosphate linkages of
the abovementioned compounds belong to the family of
so-called energy-rich linkages.

The documents EP-A~0 199 117 and EP-A-0 222 257
disclose in general terms the use of phosphocreatine
and its sodium salt in crystalline form for the treat-
ment of heart diseases and in particular myocardial
infarction.

The document WO 83/02391 describes in general
terms pharmaceutical compositions containing a salt of
phosphoenolpyruvic acid mixed with adenosinetriphos-
phoric acid (ATP), said compositions being intended for
the treatment and prevention of the damage caused to
cells by ischemia. .

The document US-4 769 318 relatés to solutions
containing various phosphoenolpyruvic'acid derivatives,
said solutions being intended for the preservation of
blood.

Finally, the document EP-A-239-357 describes
the use of the monosodium salt of phosphoenolpyruvic
acid for the treatment of heart or kidney diseases
associated with ischemia.

It has been discovered, and this is the basis
of the present invention, that compounds having a
phosphoamide linkage or an enol phosphate linkage have
particularly valuable, unknown pharmacological proper-
ties and especially a particularly remarkable anti-
tumoral activity.

Thus the present invention relates mainly to
the use of at least one compound having an energy-rich
linkage, selected from a phosphoamide linkage or an
enol phosphate linkage, for the preparation of drugs

intended for the treatment of tumors.
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In one currently preferred embodiment, the
abovementioned conmpound having an energy-rich 1linkage
is creatine phosphate and its pharmaceutically accep-
table salts, in particular the sodium salts.

In another embodiment, the compound having an
energy-rich linkage is phosphoenolpyruvic acid and its
pharmaceutically acceptable salts, in particular the
sodium salts.

Tumors capable of being treated with the drugs
obtained according to the invention are more particu-
larly fresh tumors or tumors which have become resis-
tant to chemotherapy, examples being adenocarcinomas
(colon, pancreas, stomach, bronchi, kidneys, breasts,
uterus, ovaries); epidermoid carcinomas (upper respira-
tory-digestive tract, bronchi, urinary tract, anus,
skin); malignant melanoma; soft tissue sarcomas; leuke-
mias; lymphomas; and multiple myeloma.

These drugs will generally be prepared Dby
conventional processes and administered intravenously,
in the form of a bolus or an intermittent or continuous
perfusion, intraarterially, intraperitoneally or intra-
muscularly, at doses which can vary from 50 mg to 5
g/kg of body weight per 24 h.

According to one particular characteristic of
the invention, the drug is a composition in the form of
dosage units.

Advantageously, the dosage unit contains from
0.1 to 50 g of active principle.

In a preferred embodiment, this drug is formu-
lated as an injectable preparation containing from 0.1
to 50 g of active principle. |

In one advantageous embodiment, the abovemen-
tioned active principle of the drug can be diluted in a
bulking agent compatible with the mode of administra-
tion. Such bulking agents are well known to those
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skilled in the art and the following are examples of
particularly advantageous bulking agents:

- mannitol;

- sorbitol;

- phosphate buffer comprising anhydrous sodium
dihydrogenphosphate/sodium hydrogenphosphate;

- citrate buffer comprising sodium citrate/
citric acid;

- lactic buffer comprising sodium lactate/
lactic acid;

- sodium chloride.

In our advantageous embodiment, the abovemen-

Reconstituting solvents are well known to those
skilled in the art. The following may be mentioned as
examples: |

- water for injectable preparations;

- 0.9% NacCl;

- 5%-15% glucose solution;

- 10-20% mannitol;

- 20-30% sorbitol;

- trisodium citrate solution.

The present invention also aims to cover a
method of treating human tumors, said method comprising
the administration of a therapeutically effective
amount of at least one compound having a phosphoamide
linkage or an enol phosphate linkage.

The pharmacological properties of the compounds
having a phosphoamide 1linkage or an enol phosphate
linkage were demonstrated by using different studies to
evaluate the effects of creatine phosphate on a variety
of tumoral cells.

The effects observed are indisputably due to
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the presence of a phosphoamide linkage 1n this molecule.

Complementary tests on phosphoenolpyruvic acid
suggest that analogous pharmacological properties can be
obtained from compounds having an enol phosphate linkage.

The experimental protocols and the results
making it possible to demonstrate the pharmacological
properties of the compounds having a phosphoamide linkage
or an enol phosphate linkage are now given below.

According to an aspect of the invention, use of
at least one compound having an energy—rich linkage,
selected from a phosphoamide linkage or an enol phosphate
linkage to inhibit or to reduce the tumoral growth 1n a
mamma l .

According to another aspect of the invention,
pharmaceutical compositions having an antitumoral
activity to 1nhibit or to reduce tumoral growth 1n a
mammal, comprising as active i1ngredient, at least one
compound having an energy—rich linkage selected from a
phosphoamide linkage or an enol phosphate linkage, in

combination with a pharmaceutically acceptable carrier.

1. METHOD

1.1 Principle

The tumor 1is created 1in nude mice by the sub
cutaneous 1noculation of cancerocus cells. An intra—
peritoneal i1njection of creatine phosphate, hereafter
deslignated UP 995-247, or NaCl 1s given 6 or 7 days a
week, one week after 1noculation. During the treatment,
the animals are weighed and the size of the tumor is

measured every week.
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1.2 Procedure

1.2.1 Development of the cancer of human origin in nude

5 raised in an isolator (sterile environment) under

pressure.
Human cancer cell lines, namely Caco2 (colon),
QK-MELS (melanoma), Capan-1 (pancreas) and NCl-H69 (small

cell lung), are cultivated in different media containing

10 from 10 to 20% of fetal calf serum and 1% of non—

egsential amino acids.
5 x 10° (SK—MEL5), 9 x 10° (Caco2), 2 x 10°
(Capan-1) and 2.3 x 10° (NC1l—-H69) cells in PBS his
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inoculated subcutaneously into the right side of each
mouse. The operation is performed in a hood under
sterile conditions.

Every week after inoculation, the animals are
weighed and the tumor is measured with a sliding
caliper.

The volume of the (hemi-ellipsoidal) tumor 1is
calculated by means of the following form (DETHLEFSEN

I,.A., PRWITT J.M.S., MENDELSOHN M.L., Analysis of tumor
growth curves. J. Natl. Cancer Institute, 1968, 40,

389-408; RADULOVIC S., MILLER G., SCHALLY A.V., Inhi-
bition of growth of HT-29 human colon cancer xenografts

in nude mice by treatment with bombesin/gastrin relea-
sing peptide antagonist (RC-3095). Cancer Res., 1991,
5], 6006-6009):

width x length x height X =

volume of tumor = ——mMmM8Mmmm ™
| 6

. slating to the effect of UL 099=-247 O]

The treatment is started 7 days after inocula-

tion and consists of an intraperitoneal injection of UP
999-247 (treated group) Or isotonic solution (control
group). Each group contains from 10 to 15 mice. The
animals, individually identified by a tattoo on the

back, are divided up into makrolon boxes.
The duration of the treatment depends on the

objective of the treatment for each study series.

When the treatment has stopped, the tumors are
removed and fixed in Bouin's fixative for anatomico-
pathological analysis.

The product studied is used in 0.9% NaCl and

sterilized with the aid of a 0.2 um filter. It is
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administered intraperitoneally in a volume of 1 nl./
mouse.

The controls receive 1 ml of 0.9% NaCl.

The dosing scheme is as follows:

0.04 mmol, 0.1 mmol, 0.2 mmol and 0.4 mmol per
mouse and per injection. | |

These doses are chosen according to the maximum
dose which can be used by intraperitoneal administra-
tion, and according to the plasma concentration deter-
mined beforehand in the pharmacokinetic studies.

> .4 Expression of the results
The following parameters are calculated from

the individual values measured:

- body weight in g, mean * standard deviation, measured

every week,
- volume of the tumor in mm2, mean * standard devia-

tion, measured every week.

2. RESULTS



2124733

01019 =U

sfewue

COF LeT paear],

COF+ 1'CC

sfewttue
[onuo)

(6 ut) ybrtem Apod

OLO19 =1

| . | | s[ewiue
61 + £ 98 C91+ £99 CeElF LOS I1F 6V LF 8¢ 8+ Lt v+ SS paieal],

. sfewiue .

IvF I'P9T | ¥'8TF 1'60T | 6ST+ 88! V1 F 8¢l I ¥+ L6 059+ <9 I'e ¥+ 1°6S H
. . dnoi$

L 'y - |

( Uz cwv ‘Joum3 SY3l JO sSumiOA

gsnow/Tou ¥°Q JO 9SOp B JO 3OI9II° syl Jo Apnas

90TW Spnu UT (STIW-NS) ewoueTsw JO YImcab Y3z Uo L¥yZ-666 4N 3O Apnas

- 8 -



601¢=1

0STTF 006 F 06 T

0105 0'S62 €Tl oz 4°Q
0SL6 T 0009 F O'LYLF

09581 01111 0'+0€ [owru °Q
0'L8LF 0619 F 09Z1 F

0'10LT 07L0Z 0'ZEY [owus 0°0

S[RWIIUR pABAL],

‘7
)

() BOL +
09¢lte

Oevvy +
(08861

08381 +
O'LLY

sjewitue joQuo;

212479

0SSt + 081 +

0'L6 ('S8 jowts $°0)
() Ot + 078 +

() 0ZC 0861 jowi [°Q
I AYARS (96 +

O [y () C0L ot $()°0

S[elIueR paleAr L

Ochl +
)" 89%

Oedl +
()99t

0tLl . C'P . S[ewue jonuo)

A.nEEV Joun3 9yl JO SWNIOA

Apnas 309339-980(Q

50TW 9pnu UT (GTAW-NS) ewoueTsm uewny JO YImoxb oYl U0 L¥Z-666 4O IO 30933

- N -



2124793

{101 /. =Uu

jow 40
~O§ 1 .o

[own 00

S[ewifue pajealj |

s[ewiue [oQuo))

€0 F €0 F
[ v 9¢d
b0 T 00 T [oun $°0
81T 17
b0 T b0 F jowwt [°Q
81C | 91
jowtt $()°Q)
LOF 90 F S[euiue paleal j,
¢TC €7 Q°
ic
— S[eWIIUE [OOUOC))
6

(6) aubtem KApod

Xpnas 309339-9sod

eoTW Spnu UT (STIW-MS) TwoueTsSw uewny JO UYMoib 9y3x uo L¥Z-666 di JO 309334

- 0T -



3

179

212

oroig=u

joww §°Q

L9+ 81V C'C+ 68S e+ 16b . T+ £9¢

tev+ 16V Ot+ 0SSP ol 7°0

| pSTF SOV SCTE 9Ib E
091 F 08 09F IS O8F LTV 69F 86 OLF €S | loww 00

. | s{ewiiue
Cel F TO0H | COF 8VL . OLF 0¢9 . LeF 11S . [O1IUOD)

( U Ut) Iouml oYl JO SUMTOA

LET+ V89 99+ v&b OIl+ OIS £L+ 68F

. .

STeLIue pPaieal],

08+ t8b LT+ ST OS+ 8S¢L

8C+ 66§

Xpnas 309339-9800

soTw opnu Ut (ZOOYD) I8dURD UOTOD JO qamoxb oyl Uo LyZ-666 dN FO Apnis



2124793

oro1g=1u

90+ 1¢C 0+ 90¢C [owuii 0

90T 9T COT 10 E
woo H h‘mﬁ E
E
s[ewitue
SOT 66l [onuo)

(B) 3ubtem Apod

80+ £6C

LO+ CST CO+ 9¢C

STRWIUE PAIBAI],

. 90T 8T 90T €

SO0+ 8CC SO+ ¢CC 90+ CTCC

SO+ 1¢C SO+ 6CC

90+ Lt] SO+ 0tC

COF £ 90+ Lt

KApnas 309338-8s0d

S0TW SpnuU UT (Z0OYD) I9oued Uo[od JO Yamoxb oy3 uo L¥Z-666 dfl 3O Apnas

* ]



2124793

9011 =u

| Sjewniue
[onuo)

(cW) JIOUN3 BY3 FO SUNTOA

Clolgi =u

sjeuue
pateai],

s[ewue
[o11u0)

(b) 3ubrtem Apod

asnou/fowmn $°0 JO ©SOP ® JO 3D93F° 3Y3 30 Apnas

soTm spnu ut (69H-ION) Ieoueo Bunl TT92 TTeWS JO YMmoxb eyl uo L¥Z-666 dN JO 3ID933d



124793

2

¢ifoig=u

B B s[ewnue
COLF 66V | LyTEST |61 FENL| 6FSHS | EFET 1xg1 | PIL

. . . | . m_a_EmSw
(9 FU9 | Z9FTwy | €T+10T | LiF 111 8 F €€ €F LI [0[UOY)

(cUIx) JOUM] SY3 JO SWNTOA

gioiji=4u

| sjewstue
paieal],

s[ewsue

(6) aubtem Apod

ssnou/Town p°Q JO 9SOpP © JO 303II° syl Jo Apnis

soTw spnu ut (T-ueded) a8doUED seoxoued Jo YIM0oxb oyl U0 L¥Z-666 dO FO 3IO0OIFFA



05

10

L5

20

25

30

35

2124793

The results obtained show an inhibition of
tumoral growth after the administration of creatine
phosphate to nude mice with various established tumors
of human origin.

This inhibition is dose-dependent.

The weight change and behavior of the animals
were followed over the experimental period.

A biochemical and hematological evaluation was
performed on the plasma and blood collected after the
animals had been sacrificed.

Under the experimental conditions described,
creatine phosphate did not induce mortality.

The variations observed relate to the groups of
animals treated with the highest doses studied, which
cause a modest increase in the transaminases and the
sodium and a decrease in the alkaline phosphatases and
the formed elements of the blood.

The other modifications are in keeping with the
fluctuations normally encountered 1in rats.

Creatine phosphate displayed an excellent bio-
logical tolerance at doses which can range up to 2400
mg/Kg, administered intravenously.

Likewise, phosphoenolpyruvic acid displayed a
good biological tolerance and was administered to rats
in doses of up to 500 mg/kg without inducing mortality.

Non-limiting Examples of pharmaceutical compo-
sitions based on a compound having a phosphoamine
linkage or an enol phosphate linkage will be found

below.
Creatine phosphate can be either in the form of

a ready-to-use sterile solution or in the form of a
sterile powder or lyophilizate. In this case, it may

be advantageous to use a bulking agent with no phar-
macological activity, which will be chosen from lac-

tose, mannitol, a phosphate buffer comprising anhydrous
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sodium dihydrogenphosphate/sodium hydrogenphosphate, a
citrate buffer comprising sodium citrate/citric acid, a
lactic buffer comprising sodium lactate/lactic acid, -
sodium chloride or a mixture of these bulking agents 1n
any proportions, in a manner well Kknown to those
sXkilled in the art.

The reconstituting solvent may either be selec-
ted from the injection solvents in conventional use
(0.9% NaCl, 5% or 15% glucose solution, 20-30% sorbi-
tol, trisodium citrate solution or injectable prepara-
tion) or be any other generally available perfusion
solvent. '

Preferably, the pharmaceutical preparation will
take the form of a sterile lyophilizate containing 25 ¢
of creatine phosphate to be reconstituted with 100 ml
of a 0.9% solution of sodium chloride.

Example 1:

- citrate buffer: ' pH 7

- ¢citric acid 0.0329%
- Na_HPO,+«2H_,O 0.253%
- glucose 5%

- water for injectable preparations - gsq 100%
If a lyophilizate is used, the take-up solvent is water

for injectable preparations.

Example 2:

- phosphate buffer: PH 7.2
- Na_HPO_ +«2H_O 0.758%
- NaH_ PO, 0.184%
- NacCl ' 0.44%

- water for injectable preparations - gsgq 100%
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Example 3:
- mannitol 5%

(=

- water for injectable preparations - gsqg 100%

If a lyophilizate is used, the take-up solvent is water
for injectable preparations.

Example 4:
- glucose 5%

o

-~ water for injectable preparations - gsg 100%

If a lyophilizate is used, the take-up solvent is water
for injectable preparations.

Example 5:

- KH,PO_ ' 0.178%
- Na_HPO,+2H_,O 0.953%
- glucose 2%

- water for injectable preparations - gsq 1003
If a lyophilizate is used, the take-up solvent is water
for injectable preparations.
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CLAIMS:
1. Use of at least one compound having an energy-rich

linkage, selected from a phosphoamide linkage or an enol

phosphate linkage to inhibit or to reduce the tumoral

growth in a mammal.

2 . Use according to claim 1, wherein the compound
having an energy-rich linkage is creatine phosphate and

its pharmaceutically acceptable salts.

3. Use according to claim 1, wherein the compound
having an energy-rich linkage is phosphoenolpyruvic acid

and 1ts pharmaceutically acceptable salts.

4 Use according to claim 2 or 3, wherein the

pharmaceutically acceptable salts are the sodium salts.

5. Pharmaceutical compositions having an antitumoral

activity to inhibit or to reduce tumoral growth in a

mammal, comprising as active 1ngredient, at least one
compound having an energy-rich linkage selected from a

phosphoamide linkage or an enol phosphate linkage, 1in

combination with a pharmaceutically acceptable carrier.

6 . Pharmaceutical compositions according to claim 5,
wherein the compound having an energy-rich linkage 1is

creatine phosphate and 1ts pharmaceutically acceptable

salts.

7. Pharmaceutical compositions according to claim 5
wherein the compound having and energy-rich linkage 1is
phosphoenolpyruvic acid and 1its pharmaceutically

acceptable salts.
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8. Pharmaceutical compositions according to claim 6 or
7, wherein the pharmaceutically acceptable salts are the

sodium salts.

9. Pharmaceutical compositions according to any of

claims 5 to 7, wherein the compositions are in the form

of dosage units.

10. Pharmaceutical compositions according to claim 9,
wherein the dosage unit comprises from 0.1 to 50 g of an

active principle.

11. Pharmaceutical compositions according to any ot
claims 5 to 10, wherein the compositions are in an

injectable form.
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