-1- QUATERNARY.CHELIDONINE AND.ALKALOID DERIVATIVES,...
PROCESS FOR THEIR PREPARATION AND THEIR USE IN
MANUFACTURE OF MEDICAMENTS FIELD OF THE INVENTION 5 The
present invention is in the field of drug development and health care and
relates to the alkaloid chelidonine and derivatives thereof wherein the
nitrogen in the chelidonine moleculé is a quaternary nitrogen. The
inventomfireryelatesime methad:ofinanwiesivre ofsStichrearapgesrto
compositions containing such compounds and to applications thereof for
IR RFREHABAT STV ARBLEHESR AEE IAdASdNH COABRI STSMB PICHMBIETS
THE ART The alkaloid chelidonine and compositions containing
chelidonine are known 15 in the art, as are therapeutic applications of
chelidonipg:pr seme-gchalidering derivatives in the treatment of various
bodily conditions and diseases including metabolic dysfunctions and
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products fFEimanOater-mBdluble, US 5 981 512 discloses the use of the
substances disclosed in AT 30 377 988 and AT 354 644 for the treatment
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AT 354 644 and AT 377 988 describe processes for the preparation
of phosphorus derivatives of aikaloids by reaction with carcinostatic
phosphorus compounds, which are provided in a water-soluble form by

25 conversion into their salts. A disadvantage of the disclosed processes is that

7 the conversion of the reaction products into a water-soluble salt is not

complete and the predominant part of the reaction products remains water-

car? and

insoluble,
US 5 281 512 discloses the use of the substances disclosed in AT
30 377 988 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
alkalolds of Chelidonium majus L., have proved therapeutically particularly
promising, the pharmacological activity of which has been demonstrated in

35 several studies on cancer treatment. Unreacted reagent is removed from the
synthesis mixture following completion of the reaction. Since tris{1-
aziridinyljphosphine sulphide (hereinafter also referred o as *thiotepa") is



soluble in organic solvents, such as benzene, ether or chloroform, it is

proposed in the prior art methods to semove the unreacted tris(1-
aziridinyl)phosphine sulphide from the synthesis mixture by washing the
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In a second aspect. there is provided an alkaloid reaction product. comprising at least on¢
alkaloid derivative other than sanguinarine and N-methylprotopine chioride, the derivative having a
quaterﬁary nitrogen and the alkaloid being selected from the group of alkaloids present in the herb
Chelidonium majus L. and preferably selected from the group consisting of chelidonine, protopine,
stylopine, aliocryptopine, homochelidone. chelamidine, chelamine, L-sparteine and oxychelidonine,
for use as a drug or medicament.

In a third aspect, there is provided a chelidonine derivative, wherein the naturally occurring

chelidonine is present in a quaternated form according to the subsequent formula (1),



2a wherein as a fourth ligand RI to the quaternam nitrogen a hydrogen
or a methyl or ethyl residue is present. for use as a drug or medicament.
In another embodiment the present-disclosure relates to the water-soluble
reaction products, e.gH€mprising chelidonine derivatives, wherein the

quaternary nitrg ligand to the quaternary
nitrogen is a |o . methyl or ethyl residue or a
substituted_mg ) such g istance, a thiotepa
residue 4n a preferre : ; tegary chelidonine derivatives

areof a nature Such as'to" ecg\ﬁly accumulate in target tissues,
particularly &hcerous tiss $ * In another embodime( t the present
disclosure relates to pharmaceutical compositions containing at least one
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derivatives, obtainable in a process according to the present disclosure.
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theclaims reladmaubmajus L. and preferably selected from the group consisting of chelidonine.

protopine, stylopine, ailocryptopine, homochelidonine, chelamidine, chelamine, L-sparteine and
oxychelidonine, in the manufacture of a pharmaceutical composition for the prophylaxis or
treatment of a disease or bodily condition selected from the group consisting of viral infection,
cancer, immunological dysfunction, metabolic dysfunction and radiation damage.

in a fifth aspect, there is provided the use of the chelidonine derivative as defined above in
the manufacture of a pharmaceutical composition for the prophylaxis or treatment of a disease or
bodily condition selected from the group consisting of viral infection, cancer, immunological
dysfunction, metabotic dysfunction and radiation damage.

The present disclosure further relates to the use of the reaction products
comprising quaternary alkaloid derivatives as drugs for use in therapeutic
applications, and to the use of said derivatives for the manufacture of
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DETAILED DESCRIRTION.-OF . THE INVENTION-The process according-....-
to the invention comprises reacting an alkaloid or a mixture of alkaloids in
an organic solvent with an alkylating agent, 10 preferably with an
alkylating agent having itself therapeutic activity, such as for example
cytotoxic phosphoramides or phosphoric acid derivatives containing at
least one aziridine group, and then washing the reaction products with
water. The washing step with water or an equivalent aqueous solvent, e.g.
a mild salt solution, facilitates inter alia the subsequent 15 conversion step
of the poorly water-soluble or water-insoluble reaction products, i.e.
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of unreacted alkylating agent or parts thereof from the reaction mixture by
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undesired water-soluble components present in the reaction mixturs are
thereby separated from the reaction products and removed. Surprisingly, it
was also found that the washing step has a positive impact on the structure
and composition of the reaction products in a way such that the efficiency
of the subsequent conversion step of the products inte a water-soluble form
is augmented by up to 10 to 15 times compared with a process where the
washing step is carried out using a purely organic solvent, thus remarkably
improving the vield of the desirad end product.

The present process can be used, for exarnple, for alikylating reactions
of alkaloids with the carcinosiatic phosphorus containing compounds
mentioned in Claim 1 of AT 377 888, the phosphorus compounds shown in




---10-te-the-alkylation-reaction such.a-s-solvent selected-fromthe.group........ . ...

consisting of monochloromethane, dichloromethane, trichnloromethane,
monochloroethane, dichloroethane and trichloreethane. The
alkylating reaction of the alkaloids takes place at elevated temperature,
preferably at the boiling point of the solvent. 15The resulting reaction
product is converted into a water-soluble form after washing with water.
This can be carried out according to the process described in AT 377 988
and AT 354 644, by conversion intO the water-soluble salts, in particular
|nto the hydrochlorides, for example by passing in a strong acid in liquid or
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'descrlbed in AT 377 9 8 and AT 354 844, by conversion into the water-
soluble salts, in particular into the hydrochlorides, for example by passing in
a strong acid in liquid or gaseous form such as HCI gas or adding an HCI

20 solution to the organic solution of the washed reaction product, during
which or after which the hydrochiorides are precipitated. It appears that by
this acidic treatment most of the alkylating agent is split off from an
intermediate reaction compound formed between the alkaloids and the
alkylating agent, leaving behind modified alkaloid derivatives, wherein the

25 initially tertiary nitrogen atoms have been converted into quaternary
nitrogens, wherein to the quaternary nitrogen a hydrogen residue or a
residue originating from the alkylating agent is bound as a fourth ligand, the
residue preferably being selected from the group consisting of a methyi,
ethyl, and tris(1-aziridinyl)phosphine sulphide residus, or from a part of

30 tris{t-aziridinyliphosphine sulphide. For a better understanding, the
subsequent formula {i} llustrates a typical quaternary alkaloid reaction
product of the present invention, exemplified with chelidonine:



--decompeosition-compounds-of the -alkyfating agent;-obtained-by the acidic.- -~

treatment of the reaction mixture after termination of the alkylating, e.g. 10
guaternating reaction, may be occluded to some extent in the crystals of
the precipitate or are somehow strongly attached to the crystals, thus
withstanding purification of the precipitate by washing with organic
solvents such as ether and dichloromethane. Nevertheless it could be
proved that the reaction product is still fully functional even in the
presence of such 15 accompanying substances. The water-soluble
salt of the reaction product is suitable for application in injection solutions.
In an embodiment of the invention, the reaction is carried out with
tris(1-aziridinyl)phosphine sulphide (CAS No. 52-24-4), which in the 20
pharmacopoeia is also knowii(as thlotepa Further synonyms are
ledertepa, Onco thiotepa, TESPA amie, thiophosphamide,
thio-TEPA, thiotriethyleréphasp S)fp triaziridinylphosphine
sulphide, N,N1,N"-tri- ) ine triamide; 4
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th%‘ﬁp%ﬁ%ﬂt%t‘i?}ﬁgté% Y8AUCEE By means of the Ames test, it was
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25 raRGHoN RroRuslscAbiR(Braz idiraminhg Sphite Bulpitidehosphorotriamide, m-
triethylenethiophosphorarnide, m-tris{aziridin-1-yljphosphine sulphide,
triethylenethiophosphoramide, tris{1-aziridinyl)phosphine suiphor, tris
{ethyleneiminolthiophosphate, TSPA and WR 45312.

I a further embodiment of the invention, an extract of alkaloids,
30 optionally the total alkaloids of Chelidonium majus L., in an organic solvent



- Tertiary-alkaloidsrepresent the main part.of the starting.components.25.0f.. ...

an alkaloid extract obtained from Chelidoniurn majus L... For example, the
following tertiary alkaloids may be contained as starting components in the
synthesis mixture: chelidonine, protopin, stylopin, allocryptopin,
a-homochelidonine, chelamidine, chelamine, L-sparteine, chelidimerine,
dihydrosanguinarine, oxysanguarine, oxychelidonine and
rnethoxychelidonine. 30After termination of the alkylating reaction
unreacted quaternary alkaloids (e.g. begberine) are substantially removed
from the reaction mixture by the washing step with water, while unreacted
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from, an: BRALAGAUR, OGRS WNRKE e Washing stepasRRR, Geuias autwn
with an organic_solven e.fg.fd %thyle er. At I%ast some compaun
R SRt ,

und
19 TR RATIOLRER U R P Gt BroRaicd Seteidind T the

qUEKSHRY -CdRioMinE @ftiGatives, selectively accumulate in cancerous
tissues aitledesteoirepndtr sditdad\plpbptesistiatt frroptiradtiar 1B mIosts L.
knewnigyiostalitoagabircihouliriapattogikingibe abmpeelisy hhyaaesults
inthe goed tolarance of Iherany b hisREeRAAION NG S, 3racss!
SUItabI|Iéy or therggeytlcfa%go%gen B{Oghfé'g&ﬁg%y%ﬁe'” |gg%\gdits4al§oa% cs. the
2 R Rk P GBI oPinG Sancer due fo: .g. hereditary disposition. 1t 1s

sifpeiira Rl dherrl o digRgrant R IR T ESRBBRS SRS M ic
20vdoses.of abdihebfeaetidlprddusrebtath&l4ignmine reikativeecivibie abeut

alkglaids ofChelidonivmomajusts onithdhicigpiaiexhivits fiohegicalrdtivity
in regulation of the matabolizm andis.suitable. febing Prauentiordfdonents
therany of Msiabolic discases, siich 3 osiodnorosis, Ll 2150, EUmSHLc 1y,
25d|§£§§')é@3kégj ’éﬁ%ﬁ‘&g?} viratinfections, eplfepsy,mulﬁ’pf% Sclerosis, scars,
skirliipars Hestoperigive WalmgsCardiaamhid AT aEReReRRPaRi ibine
theydtiessroatcofr€hdlidéhivimempotobimayybensedl asyptopin, a-homo-
chelidonine, chelamidine, chelamine, L-sparieina, chelidimerine,
dihydrosanguinarine, oxysanguarine, oxyéhelidonine and methoxychelidonine.
30 After termination of the alkylating reaction unreacted quaternary
alkaloids {e.g. berberine)} are substantially removed from the reaction mixiure
by the washing step with water, while unreacted water-insoluble alkaloids
and alvklated alkaloid reaction products remain in the organic selvent.
Depending on the nature of the organic solvent and/or of the, alkylating
35 agent used for the alkylating reaction, the resulting intermediate reaction
product may comptise thiotepa-linked compounds, wherein one thictepa
molecule ig linked to one, two or three chelidonine, oxy-chelidonine or



——a-starting-material-for. the.synthesis.. The roots have.a higher.content.of .. . ... ... .

alkaloids than the leaves or the stem. 30Surprisingly, it was found most
recently that when starting with commercially available chelidonine,
oxychelidonine or methoxychelidonine as the sole alkaloid source, the
resulting reaction product obtained according to the method of the present
invention (see for instance Example 3, supra) exhibits therapeutic qualities
and activities that are at least comparable to 35 those of the reaction
product resulting from the alkylation redction of total Chelidonium alkaloids
according to Example 1. -8- The customary pharmaceutical excl b)fentg in

pdﬁ%%?&%‘lﬁ?ﬁﬁ? W*%?%ﬁ?pl@lﬁf&%ﬁfﬁﬂ df IRflsoH Editfidhs” 8F For

oirtiwnic comipriyssorsuRisihan s balsid meleauRalsig for etelRaRRBNOXY-

cogtiaifthene action: pradutis igrepacad decoiding ltolthd dnventiostebnary

BR&@EQ@E$§B'§H‘@%QE idE RRAVING S Figrk shews @by or ethyl

SLO9ET Wi A hareg B!%%t%%k%@'ﬁé%%% 3D BLBRIGAISPne
hilm majus oWs

rint 0
pré%%?%ﬁ%%?dﬁ#@efofﬁﬁﬂ?ﬁigﬁowg%%El‘o?\% gfgép P Bhosphorus
derivativEBestrgiernp rshigé wiiangd SABWE 2 raciean fiatsetrial atkaloids
resoEnte spectroma/of theveactiomn greducttiiKR & Fig.brehows abiion

S%W@a%é%ar eaetian product MosRR 15 higids Inawsin DA sRestuibuct
e o Qﬁs 5}%{) SDOWRR B SRRIANLLALER boen
spec rum o t e reaction rod
carried out with an crganic solvent, e.g. disthylether. At least some
compounds present in the reaction product of the present invention,
particutarly the guaternary chelidonine derivatives, selectively accumulate in
cancercus tissues and destroy cancer cells by apoptosis but - in contrast to

15 most known cytostatic agents - without also attacking healthy cells. This-
results in the good tolerance of a therapy with this preparation and its
general suitability for therapeutic and even prophylactic use in individuals at
increased risk of developing cancer due to, e.qg. hereditary disposition. It is
simple to handle and has no significant adverse reastions in therapeutic

20 doses. ’ .

The reaction product obtained from the reaction of the total alkaloids
of Chelidorium majus L. with thiotepa exhibits biological activity in
regulation of the metabollsm and is suitable for the prevention and therapy
of metabolic diseases, such as osteoporosls, but also rheumatic diseases,

26 allergies, viral infections, epilepsy, multiple sclerosis, scars, skin tumours,
postoperative wounds and radiation damage.

An extract of the dried roots of Chefidonium majus L. may be used as
a starting matetial for the synthesis. The roots have a higher content of
atkaloids than the leaves or the stem.

30 Surprisingly, it was found most recently that when starting with
commercially available chelidonine, oxychelidonine or methoxychelidonine as
ihe sole alkaloid source, the resulting reaction product obtained according to
the method of the present invention {see for instance Example 3, supra)
exhibits therapeutic qualities and activities that are at least comparable to

a5 those of the reaction product resulting from the alkylation reaction of total

Chelidonium alkaloids aceording to Example 1.



———Fig.8 shows-a second-section of a mass spectrum-of the reaction product o

U-KRS at a higher resolution. 20 Fig.9 shows a mass spectrum of
chelidonine hydrochloride. The following examples are set forth to
further illustrate the invention. 25Example 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 30 separated off
and is filtered into a glass bottle. - 8.1 N NaOH (pH 8-9) is added to
the aqueous phase until turbidity occurs. After the addition of 100

( m| of
dichlororh S tHARE IR W RABTEIS LI T T HE B G aricianieriss fﬁ%ﬁ{’lumm'
sefraratednslt dnig 8 eombinkd wrtE e effeh| 6f orife firlies phas@ HEAT S
a. dihiscpracedsais:te peatadidoisekaniples3./3bitimes: thhetbeganictphasesiucts

arg titared anchegmbinethe invekidie aqueous phase is adjusted to a pH
f 10 by adding NaOH. After the addition of dichlpromethane, the mixture

Is shaken. The organic phase is then separated off, filtered and mixed with
the othe?%@%ﬁ?g (iR h%@e@.:frﬁﬁea% E\GE"Sﬁase Is now adjusted to a
pH of 13 with NaOH and the extraction is repeated with dichlorornethane.

d. T cBiRIiTER Jrg AR CBREEESIB BRSPS 16 GREARI6HE Brown
material° 8BRS H0P Wil fI8EE- AL AR SPRGERESHiphide: The
TRHIkHetd FEsiHGdhs (ﬁ’i?é&\fé’tﬁﬁﬁmfﬁﬁI%ﬁr@ni?é?rﬁ*éﬁ%?‘é”ﬁ%ﬁ%'(‘i’-“g to Example 1.
aZiffdihyfiphus sisine Sal phiie e Bt VEle phittdiels et ReREaHF80C for
2 Fisuts SheerEchORiEES roamatmisenntire cthegeaeionl hiktipaqéion product
clarified UEift&ition is then carried out and the filtrate is washed several
tirigs$ fah0 wraniple Deriivkror hibee eaithczeDradwividatdiSn a separating
15uhiged. shows a UV spectrum of chelidonine hydrochloride.
Fig.7 shows a first section of a mass spectrum of the reaction product U-

KRS,
Fig.8 shows a second section of a mass spectrum of the regciion product

U-KRBS at a higher resolution, .
20 Fig.8 shows a mass spectrum of chelidonine hydrochloride.

The following examples are set forth to further illustrate the invention.

25 Exampie 1
Al Extraction of the alkaloids:

a. 256 g of an alkaleid salt mbdure are suspended in water and
transferred to a separating funnel. After the addition of 100 mi of
dichloromethane, the separating funnel is shaken. The organic phass is then

30 separated off and is filtered into a glass bottle.

b. 1 N NaOH (pH 8-9} is added to the agueous phase until turbidity
oecurs, After the addition of 100 mi of dichloromethane, the mixture is
shaken. The organic phase is then separated off and is combinad with the
dichloromethane phase from step a. This process Is repeated, for example 3

36 times. The organic phases are filtered and combined.

c. The aqueous phase is adjusted to a pH of 10 by adqing NaQOH.
After the addition of dichloromethane, the mixture is shaken. The organic
phase is then separated off, filtered and mixed with the other crganic



——C)Reaction-with-NCI. The.washed solution is transferred.to.a.glass beaker, ... .. . .

stirred and saturated with HCI gas, a hydrochloride complex being
precipitated. The precipitated product is filtered off and is washed with
diethyl ether, dried 15 and then dissolved in water. In rats, an LD50
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 invention modulates the hormone regulation of the 20 thymus and
induces the synthesis of substances having thymosin-like activity in _
animals whose thymus has been removed. This effect is dose-dependent.

Theprepardtorcinersssdearahofh & BETeRMbAcTES I (e HEaRitrad
blabe byt tieh09{dade O 4B AOYL Wafdfetive treatment 6.24 0.73 x

10/1 afteqthe:eatments medwlatpsdhe: humetakbimmemnes25Fe Sporse torown
pengtrating 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
éenhances the |n?gﬁg?§nwik}%\flé‘ﬁ%rz %‘%‘f’édr%ﬁéjﬁ%? fhe white ch%é corpuscles
in animal Bxgdih e oTIg fediRebrah &ttt e ehaisn g arsl-
corrfiriviest byholinisabobdehidinsddudst ieerimiovénerusdve it bnier
30zpasarsetens wesoalap ehseiver ineances patienisction Bbses0f abotied.
5 mgrfgiéﬂ?ﬁs%%%ﬂrﬁg%g% %&@%@giﬂir@% i?s%%fgat heaéém&@mm,b%r
used for pr. actic and immunglogical applications. For cance
O € M1t SouIa o o o8 o s e e Gy
administeted, Reaction with HCI ™ g Example 2: HPLC fingerprints
The detéimineaidredvasictipidd tanbiesrrparaelersdgitasestirred and
chremaingraphly HCtheagradignk seatieiand avithispestral preaipiramerThe

USIAGL B RARAD, ARIBEIOL RHAB5EF AldNS SARSHMAFIMAeaBM Sried

were prepare qsmﬂg.refer%nce alkaloids. In addition, an HPLC-MSD
15 and then dissolvedlin \{va %r:,
analysis'was carried out, which showed that there were no peaks apart

from those of 'the alkaloids, The HPLC diagrams of Figures 1 and 2 were
obtainedromthedrabiof dheefofl diingeXie tvae matatatired from the reaction
104 omategsanhy papmelss: Columes LGhiespherat Ribheleeh s, the
U ot et SRR RN 200 MbRESIODIALE) 3y ROAM L HUAIREN 19 the
20(ht%)\(/%q§ss lé!}? ?nnégcaecs!da*:; so'gf%trf]:]és(igég{p&%Os%grqgeﬁgci%c\}gr?g thymesin-like
activity in ahimals whose thymus has been removed. This effect is dosse-
daependent. The preparation increases the number of T-lymphocytes in the
peripheral blood by up tc 50% (4.04 + 0.43 x 10%1 before the treatment,
6.24 + 0.73 x 10%/| after the treatmenti), modulates the humoral immune
25 response to penetrating antigen and the natural killer cell activity of the
spieen cells (198.20 % 17.69% compared with 71.50 £ 8.10% in the controi
group) and enhances the interferon liberation potential of the white blood
corpuscies in animal experimenis. The resuits of the animal experiments are
confirmed by clinical cbservations. Thus, the improvement in the immune
30 parameters was also observed in cancer patisnts.
Doses of about 5 mg of the preparation from Examile 1 per 70 kg
body weight can be used for prophylactic and immunological applications.
For cancer treatment, B nig of the preparation per 20 kg body weight are
preferably administered.
35



En 900.ml.(acetonitrile) +100.ml (water)+1.5 g (hexanesulphonic 15acid).+. ... ...

0.3 ml (85% phosphoric acid) Gradient:5 min isocratically 100% A; up to
40% B in 24 min up to 100% Bin 1 min 5 min 100% Ei; 205 min
equilibration with100% A Detection: UV light at 285 nm Eluate flow rate: 1
ml/min, stop after 35 min. Injected volume: 10 ul Sample preparation:
25EXxtract before reaction (Figure 1): 25 mg of alkaloids are dissolved in

40 ml of methanol by ultrasonics, made up to 50 ml and filtered through a
membrane filter. Reaction product (Figure 2): The reaction product is
cdnverted into the hydrochloride salt, dissolved in water in a concentration
of 1 mg/frane 86 adjifdteditwarprrst between 2.5 and 6.5. Example 3
Commercially available, purified chelidonine (Sigma) wbs subjected to 35
reaction yjthdsis(inaziidinyihphesphine suiphide (#hipiepakagearding to
the eanslions desarlbed InEamRied. AlteLIRHTLBANON ofA0E AUNIANIGN, ng
reacti ﬁ{%e subseq %twas In ste and the conversion s"g%g using N

b A0 A IOk RBS TAGr D S A BT SIEt he
H@rﬁtpéﬁ%édiﬁf@ﬁc@iﬁéﬁéﬁ%@iﬁﬁl@'iﬂéa&@ﬁ%ﬁmam}é?’é%%%éaﬁw%t@ﬁs
anchodritentratddotl oée toesiatbmatibarandeatiowarbtisegtart from those of ‘the

10

18

20

25

30

35

alkaloids, The HPLC diagrams of Figures T and 2 were obtained on the hasis
of the following experimental data:
Chromatography parameters:
Column: LiChrospher 60 RP Select B, b pwm, 125 x 24 mm 1D
Eluent: A) 200 mi {acetoniiriie} + 800mi {water} + 1.5 ¢
{(hexanesulphonic acid) + (.3 mi (B5% phosphoric acid)
B) 900 mi (acetonitrile} + 100 ml {water) + 1.5 g {hexanesulphonic
acid} + 0.3 mi {(85% phosphoric acid)
Gradient: 5 min isocratically 100% A;
up to 40% B in 24 min
up to 100% B in 1 min
5 min 100% B;
B min equilibration with100% A
Detection: UV light at 286 nm
Eluate flow rate: T ml/min, stop after 35 min.
injected volume: 10 ul
Sample preparation:
Extract hefore reaction {Figure 1): 2b mg of alkaloids are dissolved in
40 mi of methanoi by ultrasonics, made up to BO ml and filtered through a
membrane filier.
Reaction product (Figure 2): The reaction product is aonverted into the
hydrochloride salt, dissolved in water in 8 concentration of 1 mg/mi and
adjusted to a pH of between 2.5 and 6.5.

Example 3.

Commercially available, purified chelidonine (Sigma) was subjected o
reaction with fris(1-aziridinyl)phosgphine sulphide {=thiotepa) according to
the conditions described in Example 1. After termination of the alkylation



5.in.a refrigerator.at 8C. After some hours, spontaneous.precipitation..... ... .

occurred and 264 mg precipitate (hereinafter termed U-KRS) was
collected. The precipitate comprised slightly yellowish hygroskopic
crystals having a rather narrow melting point of 205 - 207 C (indicating a
fairly well crystallized product) and exhibiting light-blue fluorescence upon
irradiation 10 with UV-light at 366 nm. Traces of yellow, orange and red
fluorescent bands were also visible. The product did not move when
subjected to thin layer chromatography put remained at the starting
position (Rf =0), except for the traces which at least moved to give an Rf >
0. TeEFBAM BN ar Head st TEE GHER & INRR) s EERiam (ioig i) iCH
geteeldar that! WikRS contaihs B aromaticerdngs fobmparable to those
contained4n theschelidoninesmalaciies Tha s SppeinsictRigwRdlct were

expiblts AbSArRHoR MAXMa,aL 48P il 64 a0R. 43R ANG géﬁmﬁ\/%f Yest
%nuch Ille%e{the uv s?%q)t g fchelldonlne (Fl re6 WhICh differs .

&teto AR of 3ce r%e‘éipéﬁ’b‘
w.ﬂ?&ﬁ@ﬁa@}ﬂﬁ@%@Qrﬁf@a‘@%&hﬁf@'ﬁﬁ%&%w% Yy RS yeas collasted,
quiBiter neayipitdnite dnreheticld e it iswelttiarg h Furthesamdlytioat distaitsicare
be gerved fom thermasserestragranmpresentesk itikigurasifianaiigure,
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- T2roB#ABgBA8Y B106r@hained at the starting position (Ry;=0), except for the

traces which at least moved to give an Ry > 0.1. From the nuclear magnetic

resonance (NMR) spectrum {Figure 4) it gets clear that U-KRS containg
18 aromatic rings comparable 1o those contained in the chelidoning molecule.

The UV gpectrum {Figure 5} exhibifts absorption maxima at 148, 155, 160,

205, 230 and 282 nm, very much like the UV spectrum of chelidonine

{Figure 8), which differs therefrom solely in that the peak at 230 nm of U-

KRS cbcurs at 240 nm with chelidonine. This indicates that the nitrogen in

20 U-KRS is quaternary, while in chelidonine it is tertiary.

Further analytical details can be derived from the mass specirograms
presented in Figure 7 and Figure 8 (U-KRS) and Figure 9 {chelidonine), and
from the result of an elementary analysis of U-KRS revealing the foliowing

25 composition of matter {Tab. 1)

Table 1: Elementary composition of U-KRS in % of total mass

Element % of total mass
C 45.70
45.05
H 5,84
N 6.56
8.37
O 22.25
18.6
P 3.27




el 1029 The-following-examples show.various.applications.of the ..

compound UKRS resulting from the procedure described in Example 3, 5
Example 4: Selective inhibition of in vitro cell groWth by the antitumor drug
U-KRS Materials and methods 10Cell culture was performed in Roux
bottles at 37-37.5C in a humidified atmosphere containing 8% CO2 .
Confluent cultures were detached by a solution of 0.01% trypsin and 0.2%
ECM in phosphate buffered saline (PBS) and split in a ratio ranging from
1:5to 1: 25. Human endothelial cells-Wére isolated from umbilical veins by

15 collagenase treatment. The-culture medium-for-
M199 supplemented with 15% heat in
endothelial cell growth
microscopy 20Cells wj
pg/ml U-KRS for 30-6¢
were washed twice with

d endothelial cells was
tivated fetal calf gerum, 200 jig/m1
)\g/iBheparin Fluorgscence

[y bated with 100

[TiTT: irated, the cells
PBS

o Hmna iy +
S—Coverstips-were-mounted-on the cells and

factor and 90

fluorescence was excited using a confocal laser scanning microscope
equipped with an argon laser source. The emitted light was detected in a
photomuitiplitsrichdnnelx @8 piee Sighaleieve mnalgedionsacdities momwitemd U-

usiFEthe: MR 6RMIMRARYE prodessingssaiiwair. cResidls 3.
ange from 20-40 pg/ml U-KRS about 55% inhibition of cell 30 growth with

1.Ina

o) ear

endothelial cells was.measured. This concentration killed the human .
Examg%e % %@ﬁg%fﬁd;sngﬁf%mn (1; i Y %ﬁ ﬁé%“ﬁtH kli F]éfée anti

osteosa

line. & two céll t’i;pré)s% g’/’t

sdHBYeHIHYES normal cells.
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Materials and methods
Call in Roux bottles at 37-37.5°C

humidified atmosphere containing 8% €02 Confluent cuitures were
detached by a solution of 0.01% trypsin and 0.2% EDTA in phosphate

buffered saline (PBS} and split in a ratio ranging from 1:5 to 1: 25.
isolated from umbilical

culture was performed in a

Human endotheiial cells were veins by
collagenase treatmeni. The culture medium for endothelial cells was M199
supplemented with 15% heat inactivated fetal calf serum, 200 pg/mi

endothelial cell growth factor and 80 pg/mi heparin

Fluorescence microscopy
Calls were grown in 35mm dishes and incubated with 100 yg/ml U-KRS

for 80-60 min. The culture medium was aspirated, the cells weare washed
twice with PBS. Coverslips were mounted on the cells and fluorescence was
excited using a confocal laser scanning microseope equipped with an argon
taser source. The emitted light was defected in a photomi;itipiier channel,
The sgignals were imaged on a video monitor using the MRC 600 image

processing software.

Results
1. In a range from 20-40 ug/mi U-KRS about 55% inhibition of cell

growth with endothelial ceils was measured. This concentration killed the
human osteosarcoma cell line. Hybrids of the two cell types showed nearly
the same sensitivity as normal cells.



—=13-..2..Because of its autofluarescence U-KRS can be detected

intracellulary. A laser scanning microscope showed a high uptake of
U-KFiS in malignant cells. Example 5: U-KRS as Anticancer Agent -
Oxygen Consumption Materials and methods  In vivo experiments in
mice. Two to five control animals were each injected with 50pl of an
Ehrlich mouse ascites tumour suspension i.p. which 10 was 8 d old,
freshly taken from a fully grown donor animal. The control group was not
further treated. Test group was injecteganith 10mg U-KRS/ kg animal
weight in the abdominal area immediately after the tumour implantation.
15Resufts Bespigeimplanted viiaHecastmisctimbutiSithepaftdie  detscted
intraperttneal orafterssbeutdne otis mdniipisrationofdUsIGR Sisteéwed a)-KRS
longersiyvhral Hgne, than the implant animals which were not otherwise
treated.. The measurement of oxygen consumption of an ‘ascites tumour

0 suspe nS|on %r% of aRt lectrode in V|tro rou bout a brlef

i0 i

mcreasmrm%nsumt aftef EGa('ilccietlonggji'nu 98|| dlﬁ%’wgver by

~ arapid drop different from that of the control suspension not mixed with
U-KRS#ater/#xamplesdhddgdification of antinociceptive action of
morphine by &) 2 dRBdntoaentscdlaterialsansinetheds anidRidalsrs sach

ExpRFAaNG Wass ASsfOImen AL MAIE AIG S sk BlE S A0S IS Yistgicn
] €gats 30 rgat%er}t !( tak}/gas% eni.p.n doses séartlng fr?m 1Jyg/ KY - tvol
or'fhicé and” ARG 107 rats. BB efinEhtaP FroCe qERSE: v Elh
e@@%éﬁﬁtw@ﬁom@%uﬁw% SR\ GEPERNSR Tt IRfiIe A ) pldcd B @)U -KRS/
mbgohingn8) WHES, #) WhKRS o intdrphete. i8fRaéistdly. after the tumour
implantation,

15 Results
Mice implanted with the ascites tumour; either after intraperitoneal or
after subeutaneous administration of U-KRS showed a longer survival time
than the implant animals which were not otherwise treated..
The measurement of oxygen consumption of an ascites tumour
20 suspension by means of an slecirode in vitro brought about a brief incréase
in consumption after the addition of U-KRS, followed however, by s rapid
- drop different from that of the contro! suspension not mixed with U-KRS

Example 6: Modification of antinociceptive action of morphine by U-
25 KRS in rodents.

Mamrfafs and methods

Ammais Experiments were performed on male Albino Swiss mice and
male Wistar rats.

30 Treatment: U-KRS was given i.p. in doses starting from 20 mg/kg for
mice and 25 mg/kg for rats. '

Experimental procedures: In each experiment the four groups of
animals were injected with 1) placebo, 2} morphine, 3) U-KRS, 4} U-KRS and
morphing,

35
Hesults:



=14 ~....Theresults indicated that simultaneous.administration of U-KRS . .

and morphine modified the action of the narcotic analgesic drug. They
produced antinociceptive action in the tail-flick test in rats, evident as an
increase in the latency time. 5  The present results show that U-KRS

given simultaneously with morphine changes susceptibility of experimental
animals to nociceptive reaction in the described tests. The present results
suggest that U-KRS can interact with analgesic drugs which are used in
cancer. 10  Example 7: Induction ofilsimodal programmed cell death in
malignant cells by the derivative U-KRS. Material and methods 15The

K562 efythroRstikaeinicesndimaabATLean e A KRE pigdiegedin pife &nd
crystafiized formitad dissotvsd inf\Waterara toncetitaiibgopl Phagmipduced
Tha,DINAicontrRt 8fdhbhcells exposed tavarieus concemtrations afcrease in
UW%@Q@@QQ&SM using propidium iodide and flow cytometry. 20

5Results The results of this study show that U-KRS induces bimodal cell
death programmes, the first of which, apoptosis, is mediated by guinidine

sensitive’®  R¥82EefRiiEnt e ¥n ARkl tRES BB nimaitoT BRYEY With
celhdedtheiscIBmediateadsy prdiienthgeraicardimtr fermadien Ehdefrigertive
inckging p oty pheidiescrifexampte. SitaflueneeiofddulR Supy 43N AR NIAK&Sd can

protein.sygihesis. ignalignant celie.3QMatetal andmgthods  all
1éabelled thymidine, 0.5pCi in 20p1 medium; uridine, 0.5 pCi in 20p1

medium and leucine, 1.0/Xi in 20p1 medium were placed for 2-4 h into
four welE TR e AN O RR & IR RBIRED Bk, (Re Bl FEdanant
guinkea pigirepatbeyiiles UdEShepatocydes, human tonsil cells, muitne
lymphomas,
Material and methods
i85 The KBE82 erythroleukaemia cell line was used, and U-KRS produced in
pure crystallized form and dissolved in water at a concentration of 1.2
mg/mi.
The DNA content of KB82 cells exposed to various concentrations of U-
KRS were analysed using propidium iodide and flow cytometry.
20

Resulis
The resuits of this study show that U-I(RS induces bimodal ceill death

programmes, the first of which, apoptosis, is mediated by quinidine sensitive
CaZ*-dependent K+ channels; the second modality, blister cell death, is
25 mediated by preventing microtubule formation and thus inducing polyploidy.

Example 8: Influence of U-KRS on DNA, RNA and protein synthesis in
malignant cells

30 Material and methods
8H labelled thymidine, 0.5uCi in 2041 medium; uridine, 0.5 pCi in 204
medium and leucine, 1.0uCi in 204 medium were placed for 2-4 h into four
wells with different U-KRS concentration. Prior to that, the cell lines, guinea
pig hepatocydes, C1L hepatocydes, human tonsil celis, murine lymphomas,
35 murine myeloma, Yoshida cells, two Mela strains, EsB-, EB, iymphomas,
ZACIT, PB15 were grown 24 H at 37°C in 98 microtiter weils.



--35 murine-myeloma,-Yoshida cells, two.HelLa strains,-EsB-, EH -+ oo

lymphomas, ZAC/1, P815 were grown 24 H at 37C in 96 microtiter wells.
-15-  WiDr cells were incubated in a somewhat different schema for 6
and 24 h at U-KRS concentrations of 1, 4, 8 and 14pg/mIU-KRS. Results
5Fluorometric evaluations show stronger affinity of U-KRS to elements of
the cancer cell nucleus that to other cancer cell areas. Fluorescence
phenomena may clearly show the strong and the strong and quick affinity
exerted by U-KRS in tumour and metagiasis areas. No toxic effects are
seen in normal cells treated in dosis which are 100 percent growth
inhibitoWiRy Re'ankercliFthatetdted fPTSY Bk FIEah Mg 6y © and
U-RRB onlhiifanxerodgratioMateliabafdam@thbdol 5T bndif cells were
taken from human tumour xenografts and serially transplanted into nude
mice. These,cells were used in a colony-forming assay in vitro. Tumour

ells were incubated continuously for at | ek. wit ral .
onoer It e e e S A e Bmente o
i iRy TEHm BB Viad ot FOP EacFALTRbUF - The S8 dr il SHRsciE o
wareeraported e paleery T (T d58Gorrs]) st stUraarmpdifieiektalfinity
kirgle @8 dUPYOUIR FBe Sensitive 1o dRE colselating, tidthe xaristytested seen
by; VKRS Theke the dumpudsidal pifests seams to:Re:Rb denemdentibry to
CEh% rgg@en%ﬁ“gg a?ellsl%g%hf%@mune apparatus, which stimulation and
méauiztion may be accomplished by U-KRS. Example 10: Influence of
U-KRS on human malignant cell lines 30Material and methods  Four
differeriamligmant cditlinesowarelLEEF. @) Fioiige SarEEITITR) female

mammary carcinoma; 3) human colon carcinoma; 4) human melanoma.
Material and method )

15 Tumour cells were taken from human tumour xenografts and serially
transplanted into nude mice. These cells were used in a colony-forming
assay in vitro. Tumour cells were incubated continuously for at feast one
week with several concentrations of the drug U-KRS. This was done with six
different types, and the colony formation was scored for each tumour. The

20 drug effects were reported as percent T/C (Test/Control)

1

Resuits
Many different kinds of tumours are sensftive to U-KRS correlating io

the variety tested by U-KRS. There the tumouricidal effects seems to be
25 dependent on the regeneration ability of the immune apparatus, which
stimulation and modulation may be sccompilished by U-KRS.

Example 10: Influence of U-KRS on human malignant cell lines

30 Material and methods
Four different malignant cell lines were used: 1) mouse sarcoma; 2)
female mammary carcinoma; 3} human colon carcinoma; 4} human
melanoma.
U-KRS and PPSAAQ2 derivatives were added to the culture madia.
35 After irradiation, 200 cells were plated per slide and incubated for one

week, then stained and counted.



- U-KRS.and PP9AAQ2 derivatives. were. added.to the culture.media..... .. ot

35After irradiation, 200 cells were plated per slide and incubated for one
week, then stained and counted. - 16 - Results  The results presented
here indicated that U-KRS and PP9AAO2 derivatives act on human
malignant cell lines synergistically as cytoxic substances.5  Example

11: Induced G2/M Arrest and Apoptosis in Human Epidermoid Carcinoma
Cell Lines by U-KRS Material and methods 10Primary human

keratinocytes were isolated from, neongtal skin speciments. Epidermal
sheets were trypsinized and single cell suspensions collected by
centrifi@aisis. Results 15U-KRS inhibits cell cycle progression in a
dose-d&pendentimannesgniccl-KRS tieditmit affects dellidycknd PPEAADZ

digltibpian angbindicas apeptasisgRaAd deandME IS0 eelisiically as cytoxic

Eé@fb%%%l?&!;&f the cyclins, COKs and CDK inhibitor p27 changes after

treatment with U-KRS 20 Example 12: Antimetastatic effect of U-KRS
and its influence on the oxygen and energy metabolism of mice with

10

15

20

2B

30

35

melandiernies] Materufs diitPMéiggst and Apoptosis in Human Epidermoid
Carcinoma Cell Lines by U-KRS

Material and methods
Primary human Kkeratinocytes were Isolated from neonatal skin

speciments, Epidermal sheets wers trypsinized and single cell suspensions

collected by centrifugation.

Results
L-KRS inhibits cell cycle progression in a dose-dependent manner,

U-KRS treatment affects cell cycle distribution and indu.c:es apoptosis in
A431 and MET80 cells,
Expression of the cycling, CDKs and CDK inhibitor p27 changes after

treatment with U-KRS8

Example 12: Antimetastatic effect of U-KRS and its influence on the
oexygen and energy metabolism of mice with melanoma B-16

Materials and methods
The experment was carried out on 133 CE7B/6 male-mice.

Metastasizing melanoma B-16 was transplanted o the right shin muscle of
sach mouse, On the 10" day after the tumour {ransplantation, the animals
were divided into two groups. The first group was given U-KRS to sinus
venosus of the eye in a dose of Tmg/kg In the volume of 0.08 mk b
injections once in two days. The second group was given sterile
physiological solution to sinus venosus in the same regime.

Resufts .
The study was showing that a day after the first intravenous injection

on U-KRS the indices of the oxygen regime in the muscular tissue noticeably
improved. The rate of pO, level increased up to the maximum during the

" oxygen inhalation and the rate of pO, decreased from the maximum to the



25The-experimentwas-carried out on-133 C57B/6-male-mice.

Metastasizing melanoma B-16 was transplanted to the right shin muscle
of each mouse. On the 10th day after the tumour transplantation, the
animals were divided into two groups. The first group was given ,U-KRS to
sinus venosus of the eye in a dose of 1 mg/kg in the volume of 0.05 ml: 5
30 injections once in two days. The second group was given sterile
physiological solution to sinus venosus in the same regime. Results The
study was showing that a day after theifirst intravenous injection 35 on
U-KRS the indices of the oxygen regime in the muscular tissue noticeably
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melanoma improves the delivery of oxygen to tissues
inRISRE R HESHEERACEfrect of the malignant process on the organism
bioenergetics. ThesubsequentExamplesillustrateimmuno-modulatingand

metabdltem-regttetingpropertigspdéd)- KRS tretederimgridicREqpattidularly and
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Example 13: Enhancement of macrophage tumouricidal activity by U-
20 KRS

Materials and methods
BALB/c mice were maintained by brother/sister matings in the
laboratery. The tumour BT DMBA/3 was routinely transplanted in BALB/c by
25 s.c. injection. The tumour became apparent five days after implantation.

In vive treatment with U-KRS was initiated five days after
subcutaneous tumour implantation. Three routs of administration were
employed, Le., intravenous, intraperitonial and subcutaneous. All three

30 experimental groups, of at least 10 mice each, received 6.0pU-KRS in
0.186ml of PBS. This dosage was chosen based on preliminary experiments.

Results
The rate of tumour growth in treated mice was significantly diminishead.

35 The mice receiving U-KRE did not show any deleterious drug related side
effects.



--BALB/e mice were-maintained-by-brother/sister- matings in.the laboratory.
The tumour DI DMBA/3 was routinely transplanted in BALB/c by 25 sc.
injection. The tumour became apparent five days after implantation. In
?Livo treatment with U-KRSwas initiated five days after subcutaneous
tumour implantation. Three routs of administration were employed. i.e.,
intravenous, intraperitonial and subcutaneous. All three 30 experimental
groups, of at least 10 mice each, received 5.0pU-KRS in 0.1 5m1 of PBS.
This dosage was chosen based on preliminary experiments. Results
The rate of tumour growth in treated mice was significantl dlmlnlshed 35
The mif&aEma UnKREiA R Shol Hrly toigteriBais titerPréRiedl s !
effeetsan-it8phocyExample 14: In vitro effects of U-KRS on the phenotype
of normal human lymphocytes Materials and methods 5The study was

perforrr)ﬁgfggalmgg%ggﬂ%§olated from peripheral blood of 10 healthy
vquntegrs The cells were | olat CQ on FlcoII Pa e den%%(gr?g

X entrlfug’%ﬁlo’ﬁ u\%’abwflatS SPEElSWas deté’rrﬂ3 ﬁg 0.1% tryp periphwal
st&ifir, dnd %Jr?d"[fé?\be"g?r%wﬁﬁnpﬂ%%y‘fg %Hﬁ%rﬁulﬁf?&?%efé” Flcoll-Paue
quintitaredregimmemuiiiopesivencéaigiising et cavalaiputnss by 0.1%

agajpsietak seslmgl HelpeiealisanddBsuppressor cells. Subsequently,
cells WE%%EB&Q@WED@JM%QW%QQ rahbitfiabi2 g@@m%ﬂﬁoﬂummsmﬁnce

ti I BS
e e

MR SBFHM THE: u§é‘8§ﬁ§%@§8"6f RIRoctEral Hisaoickith 5 ke @ﬁ?é””gamd
Thetbie Selabstudraindivs ngrtienpossibiiy ovaied ifflUdHEend UnRRESH on
T4rlbsubpapulationsraniemsddhe ghtianobsernatinas thapddaKRS cotld or
be, 8999w nasimialor lcelldan BB IR SaNsaiRAlents.
15
Aesults
The present study indicating the possibility of direct influence of U-KRS
on T-cell subpopulations confirmed the earlier observations that U-KRS could

hs a good immunostimulator of cellular immunity in cancer patients.

20
| Example 15: Mitogenic properties of U-KRS on human peripheral blood
monocyies
Material and methods
25 Peripheral blood mononuclear cells. The blood was diluted with an equal

volurme of PBS containing 1mM EDTA, pH 7.5, and was layered over
Histopagque 1077. The tubes wers centrifuged at 2000rmp for 30 min.The
interface layers containing lymphocytes were collected and washed three
times with RPMI tissue culture medium ‘

30

Results
It was found that even a short period of pre-treatment of the cell with

U-KRS had a potent synergic effect on PHA mitogenesis resulting in
significantly higher cell stimulation indices than those of PHA alone.

a5 Moreover it was found that a short period of PHA treatment of the cells is
almost imperative for U-KRS to exert its mitogenic effects.



20 - Example.-15:.Mitogenic properties-of U-KRS.on-human.peripheral -
blood monocytes Material and methods 25Peripheral blood mononuclear
cells. The blood was diluted with an equal volume of PBS containing 1mM
EDTA, pH 7.5, and was layered over Histopaque 1077. The tubes were
centrifuged at 2000rmp for 30 min.The interface layers containing
lymphocytes were collected and washed three times with RPMI tissue
culture medium 30 Results It was found that even a short period of
pre-treatment of the cell with U-KRS-hagl .a potent synergic effect on PHA
mitogenesis resulting in significantly higher cell stimulation indices than

those of PHALHNE 3BMEIE G EETINERTo i TASE A'SABRIRISD BFBRACY 1
treatmeiatos theacehs dsdmastimpearalivesfories RRI ¢d exerttitdmitogenic
effects. - 19-  This study is showing a significant increase in circulating

lymphogyles i RatieRis i advansed-siages atipaligeanciesirptef withy and
U-KRS %%amggg 6: Modula%lgnugwgmune effector cell cytolytic
|

Eacwmﬁuafn%f LAMOUr ér'gy\/tlﬁ iNhIbILoR in Vivo by U-KRS Material and
methods Tumour cells mastocytoma P815 and the AKR leukaemia
AKIL céldimte/weremedintdined in DMEM medium supplemented with

9.0% bowvinedkOdetal calf:sesumaaat@ainy pedicilin aKa SteptemiyciAkil. cell

Rf%?aggswer% %_é?ﬁ?é%hinr}/ iﬁ?ﬂﬁcﬁq%g&%@nét[%ﬁgﬁ%é&%ﬁ, %@‘% bovine

effective biological response modifier augmenti . up to 48-fold, the

Al e b1 SHIR e T B P A mmonizedt mice.
The lytic activities of IL-2 treated spleen cells and peritoneal exudate
lymphaésgegavere also significantly increased by the addition of U-KRS to

the cellmmediatedrysis assaysnediutenkhe nesulistiakep-kKReomuastieffective
thal 4 Rp As0-88ban68R e ugmenting, by up to 48-fold, the lytic activity
15 of splenic lymphocytes obtained from alloimmunized mice. The lytic
activities of IL-2 treated spleen celis and peritoneal exudate lymphocytes
were also significantly increased by the addition of U-KRS to the cell
mediated lysis assay medium.
Thé results, faken In conjunction that U-KRS also enhances the
20 cytolytic activity of spleen lyphocytes, indicate that the therapeutic effect
of U-KRS observed in vive is mediated by stimulating immune effector cell

cytolytic activity.

Example 17: Influence of U-KRS on immunological blood parameters in

25 vitro and in vive

Matorials and methods
96 Wistar rats were used for this study. The initial age was 16 weeks
for both male and female rats.
30 U-KRS and PHA were tested in a #Hthymiding test on T lyphocytes to
evaluate the stimulation index in doses from 0.01 to 20ug/mi.

Results
U-KRS stimulates different subsets of the haematopoietic and

35 immunological systems. In this experiment reticulocytosis is induced as a
possible sign of stimulation of certain stem cells or of generai activation of
the erythropoietic system.As no changes In the absolute leucooyte counts



— . 20-cytolytic activity of spleen lyphocytes,.indicate.that the.therapeutic.. ..

effect of U-KRS observed in vivo is mediated by stimulating immune

effector cell cytolytic activity. Example 17: Influence of U-KRS on
immunological blood parameters in 25 vitro and in vivo Materials and
methods 96 Wistar rats were used for this study. The initial age was

16 weeks for both male and female rats. 30U-KRS and PHA were tested

in a #11thymidine test on T lyphocytes to evaluate the stimulation index in
doses from 0.01 to 20pg/ml. Results\p&RS stimulates different subsets of
the haematopoietic and 35 immunological systems. In this experiment .
reteuldciosieTemiied af a5ysSbIRSHHESHiiiator st astigih eleHi RS
celisigr efigeperabactiviitipniot thetEsthropoietic dyktemizs mé cliengd& frent
the.ahsaltedeneesyte eridnispeaB eraould be demonstrated, it may be
postulatgd thatby, the action, of.L)-K RS, onlvstrong madlating propediesen in

%t?' a djsl(?&: tion of the different subs&g, happened in this experiment.

ﬁi“b‘faﬁ%% cé%%?gﬁ €10 tha agnacfﬁké In these experiments was seen in 5
vitro, including apoptosis in cancer cells.  Example 18: Inhibitory effect
of U-KESaorpivadBurhihibittigeafdiytant @ritibvatbunvirilg®iangipdesnicity and
respapselbyicesEOMaterinl anganethpdsice The ability of U-KRS to
inhibit ovalbumin-induced sensitization was tested in BALB/c and El

1éBALB/’;% g{5a7},81£{9-}z)erfp’ic A U-KISS was introduced into the mice in the
mixture wi]{ﬁ anﬁgen ovalbumin) and adjuvant Sg,lur_n) inhibited the
sensitiZdtor?Biivice! rEnkBdth BHRE aRYeBRYE RN 0 185 HEpdRLe v as
antdstedrésnSéd- Brtiged-intUBéd Bistantifd Bfedser pomlh¥ds? cens isdradged
fromeperitonead oavities ahaensitizad mitge Heweftachof UnKRSipvihe (alum)

antiggmiciiv:Ad Qualbumin(OA inighaniviaxivasdasiedinisiergiogausody

150 %%%B’(?n‘égt%ﬁ”&%?g s@éjaa% ?g F:’Ic}lﬁ Jggg t'&%@tgrrr]urr?etsfelease from mast cells

isolated from peritoneal cavities of sensitized mice, The effect of U-KRS on
the antigenicity od ovalbumin (OA} in anaphylaxis was tested in
heterologous passive cutaneus anaphvylactic {PCA) reaction on rats.

20 ‘Hestilts
The results show that the QA prepared in the mixiture with U-KRS had a

decreased ability to react with anti-OA IgE antibodies raised against native

OA in mice and fixed on the surface of rat mast cells in heterologous PCA

. reactions. The results suggest that U-KRS pre-treatment of OA may affect

28 its antigehic property and the abllity to react with anti-CA IgE antibodies
raised against the native [gE molecules.

Example 18: Effect of treatment with U-KRS on early osteoporosis

30 Materlals and methods
U-KRS was administered intraperitoneally in a dose of 30mga/kg every
other day for six months to female rats with ovariectomy-induced early
osteoporosis. Administration of U-KRS was started on the second day after
the surgical operation. At the end of the leng-term freatmient with U-KRS
35 each rat was tested for the strength of both humeri and some parameters of

rat femur were measured,



e 20RESUNS - The results-show-that the OA-prepared-in-the mixture-with ..z

U-KISS had a decreased ability to react with anti-OA IgE antibodies raised
against native OA in mice and fixed on the surface of rat mast cells in
heterologous PCA reactions.. The results suggest that U-KRS

pre-treatment of OA may affect 25 its antigenic property and the ability to
react with anti-OA IgE antibodies raised against the native IgE molecules.
Example 19: Effect of treatment with U-KISS on early o'steoporosis
30Materials and methods  U-KISS.-was administered intraperitoneally in

a dose of 30mg/kg every other day for six months to female rats with
ovariectéifififhduced early osteoporosis. Administration of U-KISS was
started Dre thesstisostebdayrafteitha seirfieal GperatibAcA e etidcapifiect the
long:tanm tseatmeniawitind-KisS:35 rath: radmasdested for thestrength efere

DO OUREH A9 ROME ARIRMEIEIERS ahiemuivere measured. - 21

Results  The results show that the decrease in the mechanical strength

of the humeral bones and some changes in the femur cau?ed by . 4
ovarie AR A priTLRBEPLT I KR BRIP SRR WHH DR R8s a0
Exampler 20t ifloeihee ®EWKRS preparation on influenza viruses and the
bacteria F.coll and S.aureus Material and methods 10Influenza viruses of

the APRS/HON1/34, straip were cultured on 10-day- old hen embryos;
E.coli hacteria derived from.cur, inical. materi ' fiav-
15 pore L R eIy UKD et of e Sbties ShORTac T0ay

15 EMPryos;

E.coli bacteria derived from current clinical material and the strain 209P
of S.aureus were emploved. U-KRS preparation of the series 280614,

1h Results
This study confirms the existing of anti-infectious action of U-KRS

preparation in the infected macro organism. This influence is axerted through
the stimulation of some elements of the host immune system due to a
secondary destruction of micro organisms or celis infected' by these micro

20 organisms.

Example 21: Biological activity of U-KRS with respect to influenza virus

Material and methods
25 Virus of A type, Port-Chalmers 1/73 culture, antigenic H3N2 variety.
The virus was injected at 1, 10 and 100 ElDgq per embryo. U-KRS was
dissoived de novo in Hanks selution.

Results .
30 It was confirmed that U-KRS has the hampering action upon the
development of the infective process.

Example 22: Action of U-KRS on effects of irradiation

35 Materials and methods
CBA/J male mice of 16/20g body weight.



- This-study.confirms the. existing of .anti-infectious.action of U-KRS. . ..
preparation in the infected macro organism. This influence is exerted
through the stimulation of some elements of the host immune system due

to a secondary destruction of micro organisms or cells infected by these
micro 20 organisms. Example 21: Biological activity of U-KRS with respect

to influenza virus Material and methods 25Virus of A type, Port-Chalmers
1/73 culture, antigenic H31'J2 variety. The virus was injected at 1, 10 and
100 EID50 per embryo. U-KRS was diggolved de novo in Hanks solution.
Results 30ft was confirmed that U-ICES has the hampering action upon
 the devElptistTorue mRedinedsrorrsErEiaiiome 2 MictionloiCERE EE YN
onfeffect§.ofirattiatios 35 Materiabs dntneéthbas CBAR naldiatiee oiith the
16/20g.bady weights 8 22 -Gy JShopdanmiwhalshpehegappnadisraiation

of mice\atgesesJanging A Hi10Gy 1QrEYWAS Perforped,Long;term and

irradjati ith,the cumulative dose of 8.75 Gy was performed using the
%3283?59\%8%:’?@@“@5 administered intraperitonially at doses of 0.1,
1.4 and 5 12mg/kg body weight. Results

Results

The shility of U-KRS to modify the effects of irradiation was studied in
CBA/J mice using the dosage of the drug from 0.1 to 12 mg/kg. U-KRS was
10 Tound to increase the survival rate of mice by 50-80 % atirradiation dosis
from 5.00 to 7Gy with no effect at the dose of 7.5Gy. Varying the dosage
of the drug did not influence the outcome of irradiation.

The main cutcome of the present study is the finding that U-KRS is
capable of modifying the effects of irradiation when applied in both

18 wrophylactic and curative regimes.
Example 23: Effects of U-KRS against ionizing radiation

Marterials and rmethods
20 Brest carcinoma, colorectal adenocarcinomas, glioblastoma and
pancreas adenocarcinomas cell lines, LU-KRS preparation.

The effect of U-KRS on cell survival was tested at conceniration
ranging FROM 0.2uG ML, The exposure times were 1, 3 and 24h, after
which the cells weare washed with phosphate/buffered saline and fresh

25 medium was added.

Results

U-KRS treatment resulted in differential time- and dose-dependent
reduction in clonogenic cell survival. All four human tumour cell lines tested
30 showed different sensitivities towards U-KRS with an up to 100-fold higher
reduction of clonogenic survival as compared with human fibroblests for 24h

incubation.
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The ability of U-KRS 10 modify thé effects of itrradiation was studied in
CBA/J mice using the dosage of the drug from 0,1 to 12 mg/kg. U-KRS
was 10 found to increase the survival rate of mice by 50-60 %
at'irradiation dosis from 5.00 to 7Gy with no effect at the dose of 7.5Gy.
Varying the dosage of the drug did8ot influence the outcome of
irradiation. The main outcome of the present study is thefinding that

U-KRS is capable of modifying thg@ﬁmg of irradiation when applied in
both 15 prophylactic and curative regimes. Example 23: Effects of U-KRS
against ionizing radiation Materials and methods 20Brest carcinoma,

1. célmrec‘@d@fﬂmmbeafmfnamamre'@%@Hﬁﬁﬂ@@%@@’stﬁﬁ?@dﬁm co?ﬁgriéig at least
nogarcinornas cell lines. U-KRS preparation.. . The effect of U- )
one B AN T i IR R aNo BREa Ao, the
derivadiqecsaving mesiaiensaty Bisnde4hheffsovdishdhepeeiisgvere washed with
phosphate/buffered saline and fresh 25 medium was added. Results

U-KRS treatment resulted in differential time- and .dose-dependent .
a)  BERIEHERIA EesEeRATEEEEs GRS faRrcHuamie $afent, cdllspsisone alkaloid

presef@SIBARS seawveshdifRianhsonaihyties é?l‘ﬂ’ab‘#éfé%éﬂﬂsé‘éiigbﬁéb}‘ﬁ%& the group
100-fold rﬁgfr reduction of clonogenic survival as compared with human

consigiiiie biabtET SR Iceu IR P ND05HESPINE. 2 PloEATpIRM S T ehedonine,

chelamidine, chelamine, L-sparteine and oxvchelidonine, and an alkylating agent, and
carrying out an alkylation reaction by reacting the at least one alkaloid with the
alkylating agent in the presence of the organic solvent, to allow for the formation of at
least one alkaloid derivative having a quaternary nitrogen;

b} after termination of the reaction subjecting the resulting reaction mixture to at
least one washing step with an aqueous solvent or water, to remove water-soluble

compounds present in the reaction mixture; and

c) subjecting the washed reaction mixiure to a treatment with a strong acid in
gaseous or liquid form, preferably with gaseous hydrogen chioride or a hydrogen
chioride solution, thereby converting at least one quaternary alkaloid derivative into a
water soluble form, particularly a2 water-soluble salt.

2. The process of claim 1 wherein in step ¢) a reaction product precipitaies during
or after the treatment with acid, whereafter the precipitate is separated from the organic

solvent, and opticnally further purified using organic solvents.

3. The process of claims 1 or 2, wherein the alkylation reaction is carried out at

elevated temperature, in particular at the boiling point of the solvent.

4. The process according to any one of claims 1 to 3, wherein a mixture of several

25 or all alkaloids of Chelidonium majus L., is used as an aikaloid source,
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- 1."A’process for thé manufactuare of amatkatoid reaction pro_duct_
comprising at least one alkaloid derivative other than sanguinarine and
N-methylprotopine chloride, the 5 a)providing a reaction mixture
comprising an organic solvent, at least one alkaloid present in the her_b
Chelidonium majus L. and preferaldy selected from the group consisting of
chelidonine, protopine, stylopine, allocryptopine, homochelidonine, 71-

w . - -
& c idi e .L:spartei n idpnjne,.and,an alkylati .
S S RS B, O e e, Eelorine.
N nycf‘@%é%mom FAER ey SO THE A Sarpemvitain #serprebeataloidiseonganic
% solvent, to allow for the formation of at least one alkaloid derivative having
uatemary nitrogen; bjafter termination of the reaction subjecting the _

e R e R R e koo te Ao agent
- & physiologitalywatee tyeen) refariel solbieosampainds present in the

reaction mixture; and IE c)subjecting the washed reaction mixture toa
- treatment with a strong acid in gaseous or liquid form, prgferably Wlthu
o % T ghlRARIGABERTERB e, aNtefclEmen dnide wbRiin ftkartiating agent is
g waterGRINYSHIBE AldeRTHRR B IR BIARI L IRHYAIKE 'ﬂe%??ﬂ W&E%C%Qﬁ.ﬂgl%aier,
e form, particularly a water-soluble salt. 2. The process of claim 1 wherein
o in step c) a reaction product precipitates during 20 or after the treatment
g 8. itredoicheshereaftdirthéopsesipitateisisaparated Ar Q&ﬁél‘@rﬂf@@@@%l&%@lwem is
- d gptionglly further purifi sing arganic solyents. 3, The process o
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0 o The process according to any one of claims 1 to 8, wherein the alkytating agent is
tris(1-aziridiny)phosphine sulphide (CAS 52-24-4).

10 The process according to any one of claims 1 to 9, wherein said alkaloid
derivalive has a quaternary nitrogen atom to which, as a fourth ligand, a hydrogen
residue or a residue originating from the alkylating agent is bound, the residue

I&  preferably being selected from the group consisting of a methyl, ethyl and tris(1-
azirdinyl)phosphine sulphide residue.

11.  The process according to any one of claims 1 to 9, wherein said alkaloid
derivative has a quaternary nitrogen atom and as a fourth ligand of said nitrogen a
decomposition product formed due to the treatment with acid.

20 12, An alkaloid reaction product, comprising at least one alkaloid derivative other
than sanguinarine and N-methylprotopine chioride, the derivative having a quaternary
nitrogen and the alkaloid being selected from the group of alkaloids present in the herb
Chelidonium majus L. and preferably selected from the group consisting of chelidonine,
protopine, stylopine, allocryptopine, homochelidone, chetamidine, chelamine, L-

25 sparteine and oxychelidonine, for use as a drug or medicament.
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24700 0'5.The process according toany one of ctaims-tto-4;-whetrein
chelidonine, oxychelidonine, or methoxychelidonine is applied as a sole
alkaloid source. 726.The process according to any one of claims 1 to 5,
wherein the alkylating agent is a physiologically active agent, preferably a
cylotoxic agent.  The process act®ording to any one of claims 1 to 6,
wherein the alkylating agent is water-soluble or decomposes into
wWaier- GRImp n [ cum | rocess.
13 agcordéffi?gél %aany onfgﬁigb%efh@g 1%%&%%%%@% or‘ig‘?atnf%%%}f\‘/aéc% jgh @ process
accorgiigceamomnend glaims dotisikting of monochloromethane,
dichloromethane, trichloromethane, monochloroethane, dichloroethane
and trichloroethane. 0 9.The process according to any one of claims 1 to
14 R SRR R e D Cho o AR SFo BB S e e tion of

one d2ridrd)aliAl3iis prithess atiogeding tEHaRY, ARSRERIAIMIE OPWAReECR) initially

tertia sa]j%alkaloid derivative has a uate{nary nitrggen atom to which, as a
folirth Hgana, A /dr &eﬁ%&%ﬁlﬁé% YT LatE6h g ffafing #¥igrnd, a hydrogen
residuskylatimgragidntisdrigimstithefresidued fhpseiaiablnhemnoiselesied T8 residue
f ansisting of a methyl, ethyl and tris(1- aziridinyl)phosphine )
prefa%ﬁﬁ%gﬁés%ﬁ%?&%. e p o%e%@%@cgﬁﬁ'ﬁt{égaﬁ/ Gh& G dkint Whoand tris(1-
aziridinylerbirsshiteallssdoiidierieativechasra guatesnaryrhitsd gplEtemaneApBosphine
@u?phi@é’.”h ligand of said nitrogen a decomposition product formed due to the

treatment with acid. 20 12.An alkaloid reaction product, comprising at
least one alkaloid derivative other than sanguinarine and

15.  Nrmeetiiydisaiopiactionl gris@udbeciRivaity edhaming 2Rt INAIA N ast one
alkalodd etzhea ILl;agoid bein seﬁct%(’j frorg the group of alkaloids present in the
hers CRENGORIBRT TR te & ARirearitils falh rreaRly in the form of

a hydeoihdistiieg of chelidonine, protopine, stylopine, allocryptopine,
homochelidone, chelamidine, chelamine, L- 25 sparteine and

oxychelidonine, for use as a drug or medicament.
16.  The alkaloid reaction product according to any one of claims 13 to 15, wherein

chelidonine, oxychelidonine, or methoxychelidonine is present as a sole alkaloid source.

7. The alkaloid reaction product according to any one of claims 13 {o 18, wherein
the product further comprises at least one compound selected from the group consisting
of unreacted tertiary alkaloid, unreacted alkylating agent, and decomposition products of
the alkylating agent.

18. A chelidonine derivative, wherein the naturally occurring chelidonine is present in

a quaternated form according to the subsequent formula (1),

(1
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005165978 25 137 The alkatoid Teattion product-according-to-ctaim
12, obtainable in a process according to any one of claims 1 to 11. bLJ
14. The alkaloid reaction product according to claim 13, obtained through
reaction of 71- one or more alkaloids with an alkylating agent, wherein in
the derivative an initially 5 tertiary Bfrogen is present in quaternary form to
which, as a fourth ligand, a hydrogen residue or a residue originating from

wheréfr‘rea%"éyﬁﬂﬂﬂ RESAY 'ﬁP?é’(E)l% %}%{ﬁﬁgﬁ SF%?%% %ﬁ%ﬁ SF !aegrtle%wyi or ethyl

from the group conS|st|ng d tri
residug ig1aameily shesphme @mgmﬁmmkamem from a part of
tris(1- a2|r|d|nyl)phosph|ne 71- sulphide. 10 15.The alkaloid reaction
herein at least one alkaloid
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with afetmangf achydrachipriderab. ik blesoisatoisf teagtiescarsetust according to
any one of claims 13 to 15, wherein

20.  The chelidonine derivative according to claim 18 or 12, which is characterized by
the NMR spectrum in Fig. 4, the UV spectrum in Fig. 5, the mass spectrum in Figures 7

and 8, and the elementary analysis in Table 1.

21, Use of an alkaloid reaction product comprising at least one alkaloid derivative
other than sanguinarine and N-methylprotopine chioride, the derivative having a
quaternary nitrogen and the alkaloid being selected from the group of alkaloids present
in the herb Chelidonium majus L. and preferably selected from the group consisting of
chelidonine, protopine, stylopine, allocryptopine, homochelidonine, chelamidine,
chelamine, L-sparteine and oxychelidonine, in the manufacture of a pharmaceutical
composition for the prophylaxis or treatment of a disease or bodily condition selected
from the group consisting of viral infection, cancer, immunological dysfunction,

metabolic dysfunction and radiation damage.

22.  Use according to claim 21, wherein the disease is selected from the group
consisting of allergies, osteoporosis, skin tumours, influenza virus infections, rheumatic
diseases, scars, postoperative wounds, epilepsy and mulitiple sclerosis.

23.  Use according to claim 21 or 22, wherein the sole alkaloid is chelidonine and the
alkaloid reaction product is characterized by the NMR spectrum in Fig. 4, the UV
spectrum in Fig. 5, the mass spectrum in Figures 7 and 8, and the elementary analysis
in Table 1.

24.  Use of the chelidonine derivative claimed in claims 18 to 20 in the manufacture of
a pharmaceutical composition for the prophylaxis or freatment of a disease or bodily
condition selected from the group consisting of viral infection, cancer, immunological
dysfunction, metabolic dysfunction and radiation damage.




chelidonine, oxychelidonine, or methoxychelidonine is present as a sole
alkaloid source. 17. The alkaloid reaction product according to any one of
claims 13 to 16, wherein the product further comprises at least one
compound selected from the group consisting of unreacted tertiary
alkaloid, unreacted alkylating agent, and decomposition products of the
alkylating agent. 18. A chelidoningrderivative, wherein the naturally
occurring chelidonine is present in 20 a quaternated form according to the
subsequent formula (1), , 005165078 26 00 C>wherein as a fourth ligand
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ent %o use as a or me ent 19.T e chelidonin derivativ e
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c a|m in water so orm, era as a sa h a'strong acid,
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derivative according to claim 18 or 19, which is characterized by the NMR
spectrum in Fig. 4, the UV spectrum in Fig. 5, the mass spectrum in
Figures 7 and 8, and the elementary analysis in Table 1. 21. Use of an
alkaloid reaction product comprising at least one alkaloid derivative other
than sanguinarine and N-methylprotopine chloride, the derivative having a
0 quaternary nitrogen and the alkaloid being selected from the group of
alkaloids present in the herb Chelidonium majus L. and preferably
selected from the group consisting of chelidonine, protopine, stylopine,
allocryptopine, homochelidonine, chelamidine, chelamine, L-sparteine and
oxychelidonine, in the manufacture of a pharmaceutical composition for
the prophylaxis or treatment of a disease or bodily condition selected



E. from the group consisting of viral infection, cancer, immunological
dysfunction, metabolic dysfunction and radiation damage. 22. Use
according to claim 21, wherein the disease is selected from the group
consisting of allergies, osteoporosis, skin tumours, influenza virus
infections, rheumatic diseases, scars, postoperative wounds, epilepsy and
multiple sclerosis. 20 23.Use according to claim 21 or 22, wherein the sole
alkaloid is chelidonine and the alkaloid reactign product is characterized
by the NMR spectrum in Fig. 4, the UV spectrum in Fig. 5, the mass
spectrum in Figures 7 and 8, and hgsetespgntary analysis in Table 1.
24.Use of the chelidonine derivative claimed in claims 18 to 20 in the
manufacture of 25 a pharmaceutical composition for the prophylaxis or
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wherein the disease is selected from the group consisting of allergies,
osteoporosis, skin tumours, influenza virus infection, rheumatic diseases,

scars, postoperative wounds, epilepsy and multiple sclerosis.
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derivative in the manufacture of a pharmaceutical composition for the
PROPPINEGE Brardaneian chacdisdasuiordsichlydyehdition, selstedcitmsftheion
grou d%%n3|§tlng of viral infection, cancer, immunological dysfunction,

metabo |€'?iy§ Urittion and radiation damage. (FIG. 1)
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