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phosphorus deriva"t;ves of alkaloids by react!on with carcinostatic phosphorus |
compounds, which are provnded in a water-soluble form by conversion into their
salt. A disadvantage of the disclosed processes is that the conversion of the
reaction products into a water-solubleé salt is not complete and the predominant
part of the reaction products remains water-insoluble.

US 5 981 512 discloses the use of the substances disclosed in AT 377 988
and AT 354 644 for the treatment of radiation damage.

, The compounds described in said patents have different cytostatic and
carcinostatic activity. Mixtures of alkaloids, in particular of the total alkaloids of
Chelidonium majus L., have proved therapeutically particularly promising, the

- pharmacological activity of which has been demonstrated in several studies on

cancer ftreatment. It was found that the. composition of the preparation is
important for the clinical effect. According to the phytochemical and
phytotherapeutic teaching, it is assumed that not only individual components but
the totality of the mixture of the reacted alkaloids are or is pharmacologically
active. '

The residues of unreacted reagent after the reaction are removed from the
synthesis mixture. Since tris(1-aziridinyl)phosphine sulphide is soluble in organic
solvents, such as benzene, ether or chloroform, it is proposed in processes
according to- the prior art to remove the unreacted tris(1-aziridinyl)phosphine
sulpbide'f'r:om the synthesis mixture by washing the reaction products with ether. '




Figure 2 shows the HPLC fingerprint of a preparation according to Exanple
1. Figure 3 shows sel ected phosphorus derivatives suitabl e BsMaga@nt s.
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conversion of the alkaloids into a water-soluble form In particular, it
is intended thereby that, in addition to sel ected al kal oids, the total.
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form PartifdaVE Byshows selestechprhesphaiys sleshghives suitgble oareagents.

"preferably water-soluble. As a result of washing with water, it is now

possi bl e subsdariptiond by the inviniphi fy the preparation process since
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no 1 onger need pe taken. nsequent |y, the process can also be carried out
wi t hout prgB_I'% © FPIGRT ioﬁc(i:‘???tﬁ’r%é?”’%éeé‘.t’% @ AFRYIder ;NOVEL RERRISS tHT Bte t he
r eact i APPIEGEIICE] avrgasiians puutiicsjafealkeloid$ aviph axhesobbutg daetivativeds, owhidls
changestobysd peomzabs Nhepofession BEetheWalkaldilie inkdlud dvhiciidotiiar fdrkd. O

vat er -soliuble, FoPaeRkSd alp?%ré?!irf% /S ga&ﬁmgﬁ #}dﬂgere%@&& 'a%&fdgd%ﬁé ?or{g‘. are
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carci @Bﬁ{eﬁ% Catpté%§9rbq{eu%zﬁ%ﬂpeo'ﬁpgl§p. +Ee M%%sl%ecg)E}eaction product can then be
converted into a water-soluble form. Particularly if it is toxic, the phosphorus
derivative is'preferably water-soluble.

As a result of washing with water, it is now possible substantially to
simplify the preparation process since complicated safety precautions owing to the
risk of explosion of the ether no longer need be taken. Consequently, the process
can also be carried out without problems on an industrial scale. Moreover, the
composition of the reaction product, which is decisive for the pharmacological
- action, is changed by the washing process since, with the liquid-liquid partition,
water-soluble components are dissolved out of the reaction product and are
removed. Surprisingly, it has now been found that the water additionally has a
~catalytic effect in relation to the reaction products and thus influences the
structure and composition of the product obtained from the synthesis in that 10 to
15 times the amount of the reaction product can be converted into a water-soluble
form than if it was washed with an organic solvent.

Washing with water converts the reaction product into a state which
substantially facilitates subsequent conversion into a water-soluble form. This
measure is therefore suitable both for alkalcids of Chelidonium majus L. and for
alkaloids which originate from other sources. The present process can be used, for
example, for reactions of alkaloids with the carcinostatic phosphorus compounds,




'3 as nentioned in Caim21 of AT 377 988, the phosphorus derivatives shown
in Figure 3, in particular those having an aziridine groupl5 kiey 0006
particularly suitable. A suitable organic solvent is any agent in which the
al kal oids intended for the reaction are soluble. The al kal oi ds can, for
exanpl e, be dissolved in dichloro- nmeBhane or chloroform The reaction of
the al kal oids take place at elevated tenperature, preferably at the
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the use 0 eac roduc ve as a drug. In a
fourth as pecﬂn(ﬁ seernd,pgRedh of Wé’tﬁﬁ% invantipR, there, i proyidedaan aﬁ"@‘P'@l d
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al kal oi" ghrydicid? present after the washing step with water

a) comprises a derivated alkaloid obtained from reaction of a tertiary alkaloid
with a phosphorus derivative that contains at least one aziridine group;

b} is of a nature such as fo significantly facilitate, preferably by a factor of 10 -
to 15, a subsequent conversion into a water-soluble salt;

¢) has a better medical action spectrum than a reaction product washed with
ether and preferably destroys cancer cells but not healthy cells; and

d) has a reduced amount of or is free from water-soluble toxic alkaloid or
phosphorous derivative decomposition compounds.

In a third aspect of the present invention, there is provided the use of an
alkaloid reaction product defined above as a drug.

In a fourth aspect of the present invention, there is provided an alkaloid
reaction product comprising at ieast one reaction product of an tertiary alkaloid with
a phosphorus derivative containing at least one aziridine group, wherein the
reaction product of said alkaloid and said phosphorus derivative has been washed
with water, wherein the alkaloid is selected from the group consisting of chelidonine,
protopin, stylopin, allocryptopin, homochelidonine, sangurinarine, chelamidine,
chelamine, L-sparteine and oxychelidonine, and wherein the reaction product
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In addition, toxic alkaloids which contribute to adverse reactions in medical
applications and might even cause cirrhosis of the liver are removed with the
aqueous phase from the synthesis mixture or their concentrations are reduced. By

- means of the Ames test, it was shown that the reaction product of this
embodiment, prepared according to the invention, is not mutagenic.

This reaction product is a complex mixture of alkaloids with higher molecular
weight reaction products of tris(1-aziridinyl)phosphine sulphide with alkaloids and
of degradation products of tris(t-aziridinyl)phosphine sulphide. As a result of the
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and therapy of metabolic diseases, such as osteoporosis, but also rheumatic
diseases, allergies, viral infections, epilepsy, multiple sclerosis, scars, skin tumours
and postoperative wounds.

An extract of the dried roots of Chelidonium majus L. is preferably used as a
starting material for the synthesis. The roots have a higher content of alkaloids
than the leaves or the stem.

The customary pharmaceutical excipients, in particular for solutions, for
example injection or infusion solutions, or for ointment, compress or suspensory
bases, are suitable for drugs which contain the reaction products prepared
according to the invention.

The following examples illustrate the invention:

Example 1 '
A) Extraction of the alkaloids: .
a. 25 g of an alkaloid salt mixture are suspended in water and transferred to
a separating funnel. After the addition of 100 ml of dichloromethane, the
~ separating funnel is shaken. The organic phase is then separated off and-is filtered
into a glass bottle.
_ b. T N NaOH (pH 8-9) is added to the agueous phase until turbidity oCcCcurs.
‘After the addition of 100 m! of dichloromethane, the mixture is shaken. The




The customary pharmaceutical excipients, in particular for solutions, for
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is filtered off and is washed with diethyl ether, dried and then dissolved in water.

in rats, an LDs value of 485 mg/kg was determined from the reaction
product according to Example 1. Studies in mice and rats showed that the product
according to the invenmtion modulates the hormone regulation of the thymus and
induces the synthesis of substances having thymosin-like activity in animals whose
thymus has been removed. This effect is dose-dependent.. The. preparation
increases the number of T-lymphocytes in the peripheral blood by up to 50%
(4.04 £ 0.43 x 10°/1 before the freatment, 6.241+0.73 x 10°/{ after the
treatment), modulates the humoral immune response to penetrating antigen and
the natural killer cell activity of the spleen cells (198.20 + 17.69% compared with
71.50 + 9.10% in the conirol group) and enhances the interferon liberation
potential of the white blood corpuscles in animal experiments. The results of the
animal experiments are confirmed by clinical observations. Thus, the improvement
in the immune parameters was also observed in cancer patients.
Doses of about 5 mg of the preparation from Example 1 per 70 kg body
~ weight can be used for prophylactic and immunological applications. For cancer
treatment, 5 mg of the preparation per 20 kg body weight are preferably
administered.

Example 2: HPLC fingerprints

The determination was carried out by ion pair reverse-phase chromatography
in the gradient mode and with spectral measurement using a DAD detector at
285 nm. At the same time, chromatograms were prepared using reference




product according to Exanple 1. Studies in mce and rats shioviday 28%% t he
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the thynP) @d172induces the synthesis of substances havi RETHERIHEHIH-| i ke
activity in aninmals whose thynus ha$ been renoved. This effect is
dose-dependent.. The preparation increases the nunber of T-Iynphocytes in
the peripheral blood by up to 50% (4.04 0.43 x 109/1 before the
treatment, 6.24 0.73 x 109/1 after the treatnent), nodul ates the hunoral
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PCT/ EPO2/ 12003 6 al K ﬂé n addition, an HPLC MSD anal ysis was carried
out, which showed th&P 1o h@P& Repe HB”peaks apart fromthose of the

al kal oi ds. The HPLC &imim d09%fB; Figures 1 and 2 were obtained on the basis
of the follow ng expgrhwaban,be@ﬁi@i wirogmtRgr aphy paraneters: Col um:

Li Chr osphetry, q ciRbt l\/eﬁ: h 25 X 24 mm | D Eluent: A) 200 mni
(acetonitri % nl Z"EH gﬂ(ﬁexanesul phonic acid) + 0.3 i
(85% phospllﬂ)tll g f&?:wd')'a 2)) %' ?tgeeﬁlf iM&) + 100 M (water) + 1.5 g
(hexanesul prigates! velume:+10@ 3 m  (85% phosphoric acid) Gradient: 5 min

i socr at i calSaynk@@reparativp:t o 40% B in 24 min up to 100%Bin | mn 5 mn

100% B; 5 #Lfa8fWekbly: AdcidnMHiurEOPXA mg of alkaloids are dissolved in 40 ml
of methanol by ultrasonics, made up to 50 mi and filtered through a membrane
filter.

Reaction product (Figure 2): The reaction product is converted into the
hydrochloride salt, dissolved in water in a concentration of 1" mg/ml and adjusted
to a pH of between 2.5 and 6.5.

The following examples show various applications of the compound (which
in the following is called Ukrain®) resulting from the procedure described in
Example 1.

Example 3: OsteOporoms type | and Il:

30 patients with type | and |l osteoporosis were treated with Ukrain®. 5 mg
doses in a concentration of 1 mg/m! were administered intravenously, in each case
once a week over 10 weeks. The progress of the therapy was monitored by
determination of haematological and biochemical parameters and measurement of
serum, FSH, LH and prolactin concentrations. Calcium “and phosphorus were
measured in serum and urine. After treatment for three months, an improvement in
the clinical picture and increased physical activity were found in the case of all
patients. No adverse reactions of the treatment were observed.

Example 4: Osteogenesis imperfecta:

Type | Osteogenesis imperfecta was diagnosed in a 14 year old femaie
‘patient. X-ray pictures indicated diffuse osteoporosis, and blue sclera, milky teeth
(dentiogenesis imperfecta), conical thorax, scoliosis and muscular hypotension
occurred. The patient was administered Ukrain® intravenously in a dose of 5§ mg
once a week. Three therapy cycles ‘with a three-month pause between the cycles
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furthermore no inflammation developed.

Example 7: Asthmatic allérgy
A severe allergy with coughing and asthmatic attacks was observed in a 12
- year old male patient. Treatment was carried out with Ukrain® in a daily dose of §
mg over 3 weeks. His condition then improved dramatically and the patient is now
-considered to have been cured.

Example 8: Milk allergy

A 12 year old male patient suffered from a severe milk allergy, allergic
attacks aiso being caused by food containing milk, e.g. chocolate. The patient was
administered Ukrain® intramuscularly every second day for 2 weeks. His condition
improved significantly. The patient is now considered to have been cured.

Example 9: Allergy to cats

A 9 year old female patient suffered from an allergy to cats which caused
severe asthmatic attacks. The patient was treated with Ukrain® in a dose of 5 mg
twice a week. Her condition improved and she is now considered to have been
cured.

Example 10: Herpes zoster _
A 64 year old female patient was diagnosed with a Herpes zoster infection
- which recurred. Typical blisters along a tear in the Thse-Th, region with ulceration
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- dose of 5 myahwiled 3 PoRekeRVIRE WoukeKskinNBsibACKIthale6raiizwm) been observed

for 4 year gL, YlyebiPald, théd & 1arge skin lesion in the region of the left-
shoulder following an operation. The skin lesion was too large for plastic
reconstruction. The patient was treated locally with Ukréin®-compresses, 3
months. The skin lesion has substantially reduced in size. No ulcer, no
inflammation. '

Example 14: Osteoporosis

Patient H.J., B8 vyears old, had difficulties in walking, fatigue. After
thorough clinical and laboratory investigation, osteoporosis type | was diagnosed.
Atter a 10 weeks' treatment with Ukrain®, 5 mg intravenously per week, the
patient felt a subjective improvement, confirmed by significant changes in the
laboratory results regarding bone density, calcium and hormone level.

Example 15: Shingles

Patient K.R., 37 vears old, having had chicken pox at the age of 7 vears,
now showed typical painful skin eruptions along the ribs - shingles (Herpes zoster).
After treatment with b mg Ukrain® intravenously, twice a week during 4 weeks,
no recurrence occurred for 6 years.

Example 16: Hepatitis B

Patient G.H., 48 vyears old, showed weakness, tiredness and decrease in
vitality. Diagnosis after thorough clinical and laboratory investigation: chronic
‘Hepatitis B, HB-Ag positive, increased enzyme levels in the blood. After treatment
with 5 mg intravenously Ukrain® once a week during 3 months, a clear subjective
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vitality i pgiRAtad.cA §h9REdrkCamRl ARCURBREIalMhbIE "Rhakness in the legs, and
- subsequently giddiness. Intervals between episodes became shorter. Multiple
sclerosis has been diagnosed after thorough investigation. A physical therapy was
used without success. After a treatment with 5 mg Ukrain® intravenously twice a
week during 4 months, an increase in the length of intervals between attacks was
noted, the patient feit more power in the legs and no more giddiness.

Example 20: Scars

Patient [.N. had a large hard scar in the abdominal region after an abdominal
operation. After treatment with 5 mg Ukrain® intravenously twice a week for 4
weeks and locally as compresses, a clear positive cosmetic effect was noted.

Exampie 21: Influenza

Patient B.N., 24 years old, had annual influenza infections, in some cases
with pneumonia. Ukrain® was used as a prophylactic measure: 5 mg intravenously
twice a week, total dose 50 mg in the period before outbreak of the epidemic. The
patient is now four years without disease.

Example 22: Diabetes meilitus type i
Patient B.L., 62 vyears old, had diabetes mellitus type Il (non-fnsulih—
dependent diabetes), was ftreated with a daily dose of 10 mg of glipizide
{(antidiabetic drug of the sulphonylurea group). The patienf showed high blood
.pressure, overweight in spite of diet, weariness, quick fatigue and low vitality.
After treatment with 5 mg Ukrain® intravenously twice a week during 2 months,
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phospr&iidingbphowahine syiphide 43t | east one aziri d| ne group in

organi.c solution at elevated terrperat ure, in particular at the boiling

poi nt NFTHeSroeeby fitordMatdotliaitAINitRE almoﬁq}"t(iﬁ% BBt e et AlkaRAdd N Step
a); %Eﬁ%trg bﬁ?aﬂnécﬁ‘ ’fm%ﬁ Hgﬁu@e‘%& op pr oduct is washed with water. 2

The process aceor ] phosphorus derivative being tris(1-
azi ridi nyl ) phosphi ne sul phide (CAS 52-24-4). 3. The process according to
Cl ai m4l, Thehprogkfksadasioddingi togClaish d¢ maekréinoamtikksire [of allksldisls isheattiedys e
contained in Chelidoniummjus L.. 4. The process according to Claima1,

wher eig 18 ok biCa@or@int 2o din 45 WiRRERS mixture of all alkaloids of Chelidonium

majus L. is reacted.
6. The process according to Claim 1, wherein the solvent is dichloromethane.

7. The process according to Claim 1, wherein the reaction products are converted into
a salt, in particular a water-soluble salt, after the washing step.

8. The process according to Claim 7, the salt being a chloride.

9. An alkaloid reaction product obtainable in a process according to any one of Claims

1 to 8, wherein the reaction product present after the washing step with water

a) comprises a derivated alkaloid obtained from reaction of a tertiary alkaloid with
a phosphorus derivative that contains at least one aziridine group;

b) is of a nature such as to significantly facilitate, preferably by a factor of 10 to 15,
a subsequent conversion into a water-soluble salt;

c) bhas a better medical action spectrum than a reaction product washed with ether
and preferably destroys cancer cells but not healthy cells; and _

-d) has a reduced amount of or is free from water-soluble toxic alkaloid or

phosphorous derivative decomposition compounds.

10. An alkaloid reaction product according to Claim 9, which is a mixture containing
at least one alkaloid, a reaction product of the alkaloid with the phosphorus




5. The process according to Claim4, wherein a nixture of al3MayRei%ids of
Chelidonium majus L. is reacted. 6. The process according to Claiml1,
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2006 - 1 derivative, which preferably is tris(1-aziridinyl)phosphine

sul phi de,.and deconposjtion products of said phosphorus derjivative. 11.
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chel anj{ 'rﬂ@tamlcﬁ%ﬁ%s. L-spartei ne and oxychelidonine. 12. The use of an
uc

al kal ord reaction pro t defined in any one of clains 9 to 11 as a drug.
13. The use of an al kal oid reaction product defined in any one of clainms 9
to 11 ¥oerThetuse ansardiagtar(dain 13, Pregueasd beingselacked ﬁmmhgyle gKoup or _

t r eat rapnkistihg dif stlRsgies Obsteoparasise skinl tunitirs origalsafeationd, Flicumatie€ group
consi i f | | SES; r{Eﬁ’n ' | ses. 14. The use
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chelidonine, protopin, stylopin, allocryptopin, homochelidonine, sanguinarine,

chelamidine, chelamine, L-sparteine and oxychelidonine, and wherein the reaction

product

a) can significantly easier, preferably by a factor of 10 to 15, be converted into a
water-soluble salt than a reaction product washed with an organic solvent

b) has a better medical action spectrum than a reaction product washed with ether
and preferably destroys cancer cells but not healthy cells; and

c) has a reduced amount of or is free from water-soluble toxic alkaloid or
phosphorous derivative decomposition compounds. '

16. An alkaloid reaction product according to Claim 15, which is a mixture containing

at least one alkaloid, a reaction product of the alkaloid with the phosphorus

derivative, which preferably is tris(1-aziridinyl)phosphine sulphide, and decomposition
- products of said phosphorus derivative.

17. The use of an alkaloid reaction product defined in claim 15 or 16 as a drug.




wherein the reaction product of said alkaloid and said phosﬁ%%?ﬂ§006
derivative has been washed with water, wherein the alkaloid is selected
fromthe group consisting of chelidonine, protopin, stylopin,

al I ocrypt opi n, honochel i doni ne, sangui narine, chel am dine, chel am ne,
L-spartei ne and oxychel i doni ne, and-wherein the reaction product a) can
significantly easier, preferably by a factor of 10 to 15, be converted into
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The u SQﬁse&ns@r%d?%t@Pﬁréﬁd?|WW§50GB&@P&Y@H%@@M‘M'E@C&QF@F@S or 16 as a
drug. 15 May 2006 - 13 18. The use of an al kal oid reaction product defined
inclaim15 or 16 for the manufacture of a preparation for the prophyl axis
or treatnent of diseases or organic malfunctions selected fromthe group
consi sting of cancer, inmmune diseases and netabolic diseases. 19. The use
according to claim 18, the disease being selected fromthe group

consisting of allergies, osteoporosis, skin tumours, viral infections,
rheumati c di seases, scars, postoperative wounds, epilepsy and nmultiple
sclerosis




