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phosphorus derlvatlves of alkaloids by reaction with carcinostatic phosphorus

compounds, which are provided 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-soluble 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 treatment. 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
sulphide from the synthesis mixture by washing the reaction products with ether.



synthesis mxture. Since tris(1l-aziridinyl)phosphine sulphide is soluble in
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the washing the reaction product with water. The phosphorus derivative preferably
contains at least one aziridine group. The washed reaction 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 alkaloids 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,
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the total alkaloids, of Chelidonium majus L. in an organic solvent is reacted with
tris(1-aziridinyl)-phosphine sulphide, and the resulting reaction product, optionally
present as a complex, is then washed at least once with water. Since the tris (1-
aziridinyl)phosphine sulphide decomposes in water, the unconverted residue of
tris(1-aziridinyl)phosphine sulphide present in excess after the reaction can be
removed from the organic phase by this measure. Preferably, the organic solution
containing the reaction product is washed several times and each time is saturated
with water. Particularly preferable, the washing is repeated until the excess of
highly toxic tris(1-aziridinyl)phosphine sulphide has been completely removed from
the reaction product. '

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(1-aziridinyl)phosphine sulphide. As a result of the
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t o handne therapy of metabolic diseases, such as osteoporosis, but also rheumatic
diseases, allergies, viral infections, epilepsy, multiple sclerosis, scars, skin tumours
and postoperative wounds. 4

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. 1 N NaOH (pH 8-9) is added to the aqueous phase until turbidity occurs.
After the addition of 100 mil of dichloromethane, the mixture is shaken. The



and has no significant adverse reactions in therapeutic doses. The
interplay of the substances in the synthesis mxture is responsible for
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Chel i donium majus L. exhibits biologfcal activity in regulation of the
met abolismand is suitable for the prevention and therapy of netabolic
di seases, such as osteoporosis, but also rheumatic diseases, allergies,
viral infections, epilepsy, nultiple sclerosis, scars, skin tunmours and
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di chl oisofigehatheff amdl it washed with diethyl ether, dried and then dissolved in water.

In rats, an LDy, 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°/l before the treatment, 6.24 £0.73 x 10%/1 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 control 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
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i mrunol ogi cal appl i catal A eq z &@}g%th tdSAt pent, 5 ngy of the preparation

per 20 kg body wei ght adm ni stered Exanpl e 2: HPLC
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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: Osteoporosis type | and II:

30 patients with type | and Il 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 female
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



acid) + 0.3 ml (85% phosphoric acid) B) 900 m (acetonitrile) + 100 m
(water) + 1.5 g (hexanesul phonic acid) + 0.3 m (85% phosphoric acid)
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in a dose ofx&nmplp Gohiteerafonmehg siKhr kesicdrher apy cycles with a three-nonth
pause betweansd\g gys! efd WOYORdD41ia2de RIJrERPAI A M3 toperative skin lesion in
the left region of the scapula. The scar was too large for the use of plastic
surgery. The patient was treated superficially with compresses containing Ukrain®
over 12 weeks. The scar improved significantly. The ulcer receded and

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 b
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 also 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 Thy-Th, region with ulceration



7 were carried out. The treatnent achieved a significant inprovenent in
muscle function; sclera and teeth becane white again. The scoliosis
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i nf ect r&bnstruction. The patient was treated locally with Ukrain®-compresses, 3
months. The skin lesion has substantially reduced in size. No ulcer, no

inflammation.

Example 14: Osteoporosis

Patient H.J., 68 vyears old, had difficulties in walking, fatigue. After
thorough clinical and laboratory investigation, osteoporosis type | was diagnosed.
After 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 years old, having had chicken pox at the age of 7 vyears,
now showed typical painful skin eruptions along the ribs - shingles (Herpes zoster).
After treatment with 5 mg Ukrain® intravenously, twice a week during 4 weeks,
no recurrence occurred for 6 years.

Example 16: Hepatitis B

Patient G.H., 48 years 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



whi ch recurred. Typical blisters along a tear in the Th3-Th4 region with

ul ceration WD 03/041721 PCT/ EPO2/ 12003 8 was found. Ukrain(r) was

adm ni st ewedsiomtreavenously in a dose of 5 ng twice a weelcowPo2/&0oeeks. No
recurrence has been observed for 4 years. Exanple 11: Hepatitis C A 42 year
old mal e patient with chronic Hepatitis C, HCV-RNA positive and HCV
genotype 1 b conpl ai ned about tiredness, acconpanying pain and poor

physi cal powers. He was adm nistered Ukrain(r) intravenously in a dose of 5
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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 felt more power in the legs and no more giddiness.

Example 20: Scars

Patient I.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.

Example 21: Influenza

Patient B.N., 24 years old, had annual influenza infections, in some cases
with pneurhonia. 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 mellitus type |l

Patient B.L., 62 years old, had diabetes meilitus type [l (non-insulin-
dependent diabetes), was treated with a daily dose of 10 mg of glipizide
(antidiabetic drug of the sulphonylurea group). The patient 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,



Hepatitis B, HB(err),-Ag positive, increased enzyne levels in the bl ood.
After treatnent wth 5 ng intravenously UWUkrain(r) once a week during 3
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occurred and the vitality increased. W significant decrease in viral |oad
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Patient B.L., 62 years old, had diabetes nellitus type Il (non-insulin-
All the applications shown in examples 3 to 25 may also be successfully
performed - if even in some cases with slightly less efflc:lency - with the

compounds described in AT 377 988.



dependent di abetes), was treated with a daily dose of 10 ng of glipizide
(antidi abetic drug of the sul phonylurea group). The patient showed high
bl ood prwesae,72pverwei ght in spite of diet, weariness, aararot/atonzjue and
low vitality. After treatnent with 5ling Ukrain intravenously tw ce a week
during 2 nonths, WO 03/041721 PCT/ EPO2/ 12003 10 the general condition
clearly inproved, vitality increased, the body weight reduced. Qi pizide
was gradual ly discontinued and the patient now feels well. Exanple 23:
Rehabilitation Patient O L., 74 year$ 0,k chadsa left hip joint fracture.
After a major operation lasting several hours with joint inplantation, the
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377 988. WD 03/041721 PCT/EP0O2/ 12003 11 Patent Clainms 1. A process for
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cont ai S\As/h'gﬁ ﬁa}éaés%%q%'ﬁg%dﬁi é%%{?%og'%fpoﬁsqunbor gani c solution at elevated
tenperature, in particular at the boiling point of the solvent, and b)
washi ndt.tTHe peaetss@Tcprdidgcto Claimi hedhereisteemiaiure of dkalotday iszedctad.t hat
the reaction product is washed with water. 2. The process according to

Gaimk fe, QRN USHiAG oV @tah%es PEHRRiA T Sidture 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. A reaction product obtained by the process according to Ciaim 1.

10. A mixture of reaction products according to Claim 9, containing alkaloids and
reaction products of the alkaloids with tris(1-aziridinyl)phosphine sulphide and
decomposition products of tris(1-aziridinyl)phosphine sulphide.

11. The mixture according to Claim 10, which contains at least one alkaloid
selected from the group consisting of chelidonine, protopin, stylopin, allocryptopin,
homochelidonine, sanguinarine, chelamidine, chelamine, L-sparteine and
oxychelidonine.

12. The use of reaction products obtained by the process according to Claim 1 as
drugs.



aziridinyl)phosphi ne sul phide (CAS 52-24-4). 3. The process according to
Claiml, the alkaloid being selected fromthe al kaloids which are
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wherein a mxture of alkaloids is reated. 5. The process according to
Claim4, wherein a mxture of all alkaloids of Chefidoniummajus L. is
reacted. 6. The process according to Claim1l, wherein the solvent is
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oxychel i donine. 12. The use of reaction products obtained by the process
according to Claim1l as drugs. WO 03/041721 PCT/ EP02/ 12003 12 13. The use
according to Caim12 for the preparation of a drug for the prophylaxis or
treatment of diseases or organic malfunctions seleted fromthe group

consi sting of cancer, imune diseases and netabolic diseases. 14. The use
according to Claim13, the disease being selected fromthe group
consisting of allergies, osteoporosis, skin tunmours, viral infections,
rheumatic di seases, scars, postoperative wounds, epilepsy and nultiple
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