-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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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-
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



reaction products with ether. While the aforementioned prior art methods
for the manufacture of pharmacologigqlly active chelidonine derivatives
have in common that they require purification of the final product using
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The process also comprises a step of converting the atkaioid
derivatives into water-soluble salts, for making injectable pharmaceutical
preparations of low toxicity and having a broad spectrum of therapeutic
activity.

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),



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 dislosure 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
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derivatives, obtainable in a process according to the present disclosure.
Prep FBLYER BdE thare '@ hr8lided the use of an alkaloid reaction product
compprisirigeatieasiume atkatoi dernetiverother than sangtthérine and
redmathyiicieopine shiaridaiding drevatveaavingaiduatearsinitiegen
e ko Belng selecten fIam e acanprat dsaloidsrresentindhe
&ry &%egll,donlum majus L.. an%gr ferart])l}( selg teghfrom t@e‘groug.
q”@%@i@fﬁhé‘%@@ﬁ@li%ﬁiW}.Eﬁ?5quln§?g{ topie. a%%crfp%ﬁn%, afy hiltrogen
is hmelmmw@ieﬁepammﬁff@yaqm%ﬁé%%ﬁ&féﬁé%&f & substituted
maxycheliconinesid ke sach sk tture sfznphamibicéetic geebmpobiton for
prifG QRIS A eRb Ao giseasrion bRtk vandiss areela ciad faw
sulie 20U §30RbLGab ViR {erHoR, FANGEL. knpuReladies) déstistion.
Mmetabolic dysfunction and radiation damage. In a fifth aspect, there
HsPBfovided the use of the chelidonine derivative as defined above in the
manUfactiher efaqshaghdcauitical E6pHpusitioatfs FtrbaprephyizkicepPosiions
cotteatngnisofeastisersefohbarlibtoorativ eikeddidt tadifioly the RAgigeiarty
queenIsistingRfiviea infertinaRans e tBTMINeROiCA slysfupeiond me ebolie
dgsf nqt(;glg, and radiation damage. The present disclosure further relates
Pre5the Gsé"of the reaction products comprising quaternary alkaloid
derivativésials giugs forasepmvidedapeutic applicttibng reatdqo trelygeghprising at
lea %geda?m@igv&%@ i&?%tﬁ@%%%%[ﬁ BlincindPRarnRgetlicahe CMPOSL GRS derivative
or the therapeutic treatment o&vg%%s. dise?ses or bodily condi

ions. . ,
haiugh SF RS HTHEISS Briaqﬂléeﬁ} @ L SRR o‘ftté)lgal(nds present in

FUGoSUaarE own'in
theClaim&-elgims. s DETFAILED DESCRIPTIONCGRTHE tNVENTHON:T hechelidonine.
prc%&%%?%t%%ﬂ@'%Q&Q}IHS;JW?HH%&%WH%_%% teaeHRARN alkrlQifeon &pareine and
mixture of alkaloids in an organic solyent with.an alkxlatln.‘% agent o
oxychelidonine, in the manufacture of a pharmaceutical compositron Tor the prophylaxis o
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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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. quaternary alkaloid derivatives, into
water-soluble compounds, e.g. salts. # is preferred that in case the
alkylating agent is a cytotoxic substance it be also water-soluble or at
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simplify the manufacturing process since compllcated safety precautions
owing to the risk of explosion of pure anic solvents, e.g.
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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




---after-washing with water. This can-be-carried out according.to.the.process. . ..o

described in AT 377 988 and AT 354 644, 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 hydrochlorides are precipitated. It
appears that by this acidic treatment most of the alkylating agent is split
off from an intermediate reaction compeund formed between the alkaloids
and.the alkylating agent, leaving behind modified alkaloid derivatives,
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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:



--20-pharmacepoeia-is-also known as-thiotepa. Further synonyms are-
ledertepa, Onco thiotepa, TESPA, tespamine, thiophosphamide,
thio-TEPA, thiotriethylenephosphoramide, tifosyl, triaziridinylphosphine
sulphide, N,N1,N"-tri-1,2-ethanedlylphosphorothioine triamide;
N,N',N"-tri-1,2- ethanediylthiophosphoramide,
trkethyleneimino)thiophosphoramide; 25
N,NE,N"-triethylenethiophosphoramide, triethylenethiophosphorotriamide,
mtriethylenethiophosphoraMide, m-tristaziridin-1-yl)phosphine sulphide,
triethylenethiophosphoramide, tris(1-aziridinyl)phosphine sulphor, tris
(ethyleneimino)thiophosphate, TSPA and WR 45312. In a further
embodiment of the invention, an extract of alkaloids, 30 optionally the total
alkaloids of Chelidonium Mat3lS L., in an organic solvent -6 - is reacted

of compounds, is then
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i a further embodiment of the invention, an extract of altkaloids,
30 optionally the total alkaloids of Chelidonium majus L., in an organic solvent



—~f-~.methoxy-chelidonine molecules..In.addition, it may. ...

comprise.alkylated alkaloid derivatives, wherein an alkaloid molecule, e.g.

a chelidonine, oxy- chelidonine or methoxy-chelidonine molecule, is linked
at its quaternary nitrogen to a short chain linear alkyl residue, particularly

to a methyl or ethyl 5 group. Still further alkylated reaction compounds

may be present in the reaction mixture after termination of the alkylation
reaction. The reaction product obtained from the reaction of the total
alkaloids of Chelidonium majus L. with ghiotepa according to the present
invention shows a better spectrum of therapeutic activities than the
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is aditaisie fordtensrévertibpshndrtesipyof Mctdbblic tiscemess siitrral of
OSIROPOEPSIS: bethalsarrheumaticadiseasephabalfergies; wiratheiectioisyre or
RS FIRIE SEIEIRSISe 36858, BN HIMAWP tROSRRE AtiME WOMIShawn
g jediation damage 0. tact o e ariedsioois ol Gheldonhm Mgl

9 hiy B% R sfiar%n_g matenal jor the SyRthBals. The roots have a
highEnEBelft taRaIBRE than the leaves or the stem. 30Surprisingly, it
was foundrmostaetentlyithat ieiignedtaitidg withesoitareréiatdavéitables/us L.

chelidenine. sxyshelidaniiaHe meshasyehelidnpine asitpasseienagialoid
- squree, the esiliingareaction RRdyct ehiainedAcse ding tdhemethod of
the present inventjon ésefe L(lJri!nstance Exa Ief3hsu5pr exhlblits e the
2%h8?§5%‘1ﬁf&°&‘u%’iﬁ%§%nﬁ ac 'ﬁ.ﬁ@%‘tﬁ“&t%r%gam‘?g"as‘i Comparabie 10 35 tHose
of i biierorf PhsorikeIRISEIGRG THGm the BIRGIRDA ARSI GPBITRPT @
Chelitioniurhatkaloffs tactording toEsainp|Btielidgnium alkalcids with about
30 to 409% of reaction products of tris{1-aziridinyliphosphine sulphide.

Tertiary alkaloids représent the main part of the starting componants

25 of an alkaloid extract obtained from Chelidonium majus L., For example, the
following tertiary alkaloids may be contained as starling components in the
synthesis mixture: chelidonine, protopin, stylopin, alleeryptopin, 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



--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. 5 BRIEF DESCRIPTION OF
THE DRAWINGS Fig.1 shows an HPLC diagram with a characteristic total
alkaloid composition of the roots of Chelidonium majus L. 10 Fig.2 shows
the HPL.O fingerprint of a preparation according to Example 1. Fig.3
shows selected phosphorus derivatived suitable as reagents Fig.4 shows
a nuclear magnetic resonance spectrum of the reactl oducp}l\éJJ

F|@’ﬁ%’l‘f’é\)@%ewgﬁbgc‘ﬁ?ﬁ?ﬁcgﬁﬁe!Peﬁﬁ%myrbtd'ﬁ?@tylf NG
shee ddNpdpetem sherdlidonmaigidracitsiite. iy 7 shelifeatisoxy-
segtioiiofmaassspestiiohokihereactiBrpode dinikddRS. ik gi8showsya

Se&@%éﬁ%og Q&ﬁ%ﬁﬁﬁﬁpﬁ@ﬁfl&m@f;ﬂ%@dw%}@cﬂf@@wﬁd&lﬁ%ﬁw@t ar ethyl
{%ler [€30 t%%:r%her a%l% ﬁo‘@&%g}naééaﬁﬁs 5 aof fﬂ@'b‘?@@é% in the

roc%lorl ollowin orth to further

nMEﬁﬁ’i@‘?h‘é”Pﬁ%ﬁﬁéﬁerz@@%B? SCRHROftRE WRaloids; &
25 g of a?halk%%@%ﬁrﬁﬂkﬁﬁr@béﬁé@dsfﬁ@ﬁm|F\9Watt@F ¥ parr e leids
a seEarating funnels Aftdr thittadditiopefat00rmihofidichiopoesettidnes thign

separating Mﬁ&@%&hﬁhﬁ%ﬁlﬂmmﬂié phaSEIiS heR 30separandafbuct
1@nd is filtered into a glass hat %cess Rk Y NaQH (pH 8:9) Sh%g%ﬁo

the agueous p ase until turbi occurs After the additjon of 100 ml of

d.&ﬁramhaﬁ&h AR R Githdind THE BB pRaBAT AR
sejsaraed g arﬁ@tmﬁbm&ﬁ%@ﬂtlﬁ@dwﬂd}wﬁétﬁ%fﬁh'ﬁgé'ﬁt?rﬂ rstep
a.pEniscplacessdsoeeated, foebdanipled8r3mtimes sthetvganicplvasége in
argfiltered2nd:cRBEestroy 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 according to Example 1.



———g-The-agueous-phase-is-adjusted to a pH-of:10-by-adding NaOH..After

the addition of dichloromethane, the mixture is shaken. The organic phase
is then separated off, filtered and mixed with the other organic -9 -
phases. The aqueous phase is now adjusted to a pH of 13 with NaOH and
the extraction is repeated with dichlorornethane. d. The combined
organic phases are evaporated to give an oily, brown material.
58)Reaction with tris(1-aziridinyl)phosphine sulphide: The alkaloid residue
is dissolved in dichloromethane, and {ris{1- aziridinyl)phosphine sulphide -
is added. The mixture is ref luxed at 80C for 2 hours. After cooling to room
temperatUt WEERHA AERATR IRl hiaR Bitaliop i th &8 ﬁ8%‘88[‘9r
anthtisdiidteiHavtished Sevaial frEE o CeXaneBaithes B HTERe0T
with: 2t pihwedel Hrassepatating donelvEReastiaimwhith Nedttimeproducts
washestsolubion igdransiared i acalass beaker, stirred and saturated
é/vith HCI gas, a hydrochloride complex being precipitated. The
precipitated product is filtered off and is washed with diethyl ether, dried
15 and (B BISSSTEHTA RALEF TE RTAK RS0 value of 485 mg/kg
was determined from the reaction product according to Example 1.
Sthillids A ENdRHTs SRR, I praairisiitahg e
inventiofPRtAATAIS e HorATShE T EF I 6T tAEAE thymus and induces
1Gh&igyhthBeiy DEae hEthRdEIRERIRG thyhiBsRaIRECACHSRY Hghim Al RSsd -
thyitus HaR'BRERpelTeVRiPSPRR etreet It Hyse-Sdftasnt epasnts.
prEgatafibAvicieaseiSth & AURTEE 6P TRIAPHEEGAEY T théhserqgrtpa product
blood by-of8:50% (4.04 0.43 x 109/1 before the treatment 6.24 0.73 x
107gaftesithey sredtienmcinetl A tds tivediipnapaddweh uthB % response to

15pdipFatihgwatigdly anddatremattiriickiflenioelactivithlofitise spleen cells
(188.20s17v69% itomparddnifha 50 Pd0&uin tiidvontesl tirowpydng U-
enhancdéSithe interferon liberation potential of the white blood corpuscles
inFgitnahexpe rinents.dTdee tiesultisofrtines amenaherperimme nts @ifen 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



~confirmed-by.clinical.observations. Thus, the improvement.in.the immune
30 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. - 10 - Example 2: HPLC fingerprints
The determination was carried out by ion pair reverse-phase
chromatography in the gradient mode gnd with spectral measurement
using 5 a DAD detector at 285 nm. At the same time, chromatograms
weteaprepARelamingUeRBTRE ARUGHLISHS 2daifoN &1 PrEMESH and
andiy sistweasicarised peitanhichhstiohledbthatithere were no peaks apart
from thogemétn@@uﬁa@d@ggh@ HiC=0iag rer gt Hguresilsand diwarig win

obtainggl.pn the basis of the following experlmental data:
OChro togr h ara I n: her 6 P SelectB, 5
%m 125 524 rﬁrgn mc%% g ZW[H onl'tsrﬁ;?j)?sme §69 m?ll8 water) +g

(hexaneghrpﬁ%&?l&cfa*fw ?ﬂfi%%%‘bﬁb dHurRe Ratyere: aﬂﬂt“ﬁ 0 mi
(aeeibditrl)heboding tuinledes isSdd e xEre stlghionis 15Hergl #08PRT for
(85%qphespharicasit)Gradient: iemiisockatically=b00% Asiwpite #0%Bricd.

in 24 minup 9, 100% Big 1 min.a m@fiﬂ%% @'@Q@H&%&MH'W@{W for
W|th100% getectlon UVI l%%o @5 png gte flow rate: %ml/ n.ptop

RN %Dmln hjected volrur'ne ul Sample prgééra tione oo
eaction with H

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 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 invention modulates the hormone regulation of the
20 thymus and induces the synthesis of substances having thymosin-iike
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



25Extract before.reaction (Figure.1): 25.mg of alkaloids are_dissolved.in_...... .o

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/ml and 30 adjusted to a pH of between 2.5 and 6.5. Example 3
Commercially available, purified chelidonine (Sigma) wbs subjected to 35
reaction with tris(1-aziridinyl)phosphine sulphide (=thiotepa) according to
the conditions described in Example 13 After termination of the alkylation
reaction, the subsequent washing step and the conversion step using NCI
gas, the Exinpioductas firgriPpprdtessed as follows: 340 g of the
HClI-treated hence water-soluble reaction product were dissolved in water

and congeptraiag:clasadn salbration@ndalovwsdderest &ia-anefdgerator
at 8 AIRIFOMS NPWS sRaaneaus precipitation.aecyred, and 264.mg;

ermed U-KRS) was collected. The precipitate

rec '?t ereinaft
BoRB LA STGIRl A TR 1SR NRrIS HATIA S Flfel Ferrow
mERTRG BHiHE G205 2P CliRthcttY 2 RRNwaN Efystalizdd preldais)vas
anchexdibingvigithbibeladrésoeticecupersimadiation dgawithodVidight af the
3661amidEranes ok yellowserapas apRdied fluarescratdands Herealse basis

vi%plﬁwﬁ%ﬂ&,@gggug&gjgfH%tn%@é%%/pen subjected to thin layer
hromati%%%h but remained at the starting position (Rf =0), except for

c

"She trace O PRt RIGVEE @ Yive an Rf > 0.1. From the nuclear
magneti€ PEsBmabiEe (RAARD spfe EFupelmig Breb 4y gbtS cle?t that (RKRS
containELEairofiatidUringd amtpdtdiale to db0sel cantained in.the
Chelidonwgm@my}eoﬁg%m SpeLym (g%g%rs%gxbmt%ﬁiﬁﬂrptim
maxima . ,.very much like :
spectrur?o%‘f;‘ﬁzﬁc?ﬁ%%;ﬁgée% D e e

"he pealkdP30 i BY SRR Hm with chelidonine, This
indicate§ tAdietite nitfoldn isp2riicriRS 0§ aternary, while in chelidonine
it is tertiary. Further apatydctidetailg£anme derived from the mass
spectrograms presepteehin digure it anghirigure 8 (U-KRS) and Figure 9
(chelidonine), and  from the,tesylt of an elementary analysis of U-KRS
revealing the following 25 composition of matter (Tab. 1): Table 1:

20g|ementary composhtiGHbEHL KRG HEY Thass Element% of total
mass 45764505 B\8iWE61628F 29125 19.6 3.27

Eluate flow rate: T ml/min, stop after 35 min.
injected volume: 10 ul
Sample preparation:

25 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 filter.

Reaction product (Figure 2): The reaction product is aonverted into the
hydrochloride salt, dissolved in water in 8 concentration of 1 mg/mi and

30 adjusted to a pH of between 2.5 and 6.5.

Example 3.

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



-12.-.3.27-2.78.3.06.C1.17.29 . .. ..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 445.to 1: 25. Human endothelial
cells were isolated from umbilical veins by 15 collagenase treatment. The
culgfetiveditenstiteauetieiarblls $as MEJY s ppletFantettontHel4iCh
hegtsnactiiateldrfetabcall serturi 200 edregothiédial=cell growth factor
and 90 pgdmlhepatindduerescansenicioscopy: RAGalisweare gromRinyvere

BSMON%HQ§ %QQP%HB%SHG\@HHQQQ BQ[Q'H'@&%&EEM and allowed o rest
5 in a refrigerator at 8°C. After scme hours, spontaneous precipitation
occurred and 264 mg precipitate (hereinafier termed U-KRS) was collectad.
The precipitate comprised slightly yellowish hygroskopic crystals having a
rather narrow melting peint of 206 - 207 *C (indicating a fairly weall
crystaliized product} and exhibiting light-blue fluorescence upon Irradiation
10 with UV-light at 366 nm. Traces of yellow, crange and red fluorescent bands
were glso visible. The product did not move when subjected to thin layer
chromatography but remained 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




e FQF-30=60-MiN.- The.culture medium was aspirated;-the. cells were washed. - . ... ..

twice with PBS. Coverslips were mounted on the cells and fluorescence
was excited using a confocal laser scanning microscope equipped with an
argon laser source. The emitted light was detected in a photomultiplier
channel. 25 The signals were imaged on a video monitor using the MRC
600 image processing software. Results 1. In a range from 20-40
pg/ml U-KRS about 55% inhibition of cell 30 growth with endothelial cells
was measured. This concentration kilé@ the human osteosarcoma cell
line. Hybrids of the two.cell-types.showed-nearly-the.same sensitivity as
normal cells. -13- 2. Because of its’ati{ofluorescence jU-KRS can be
detected intracellulary. A laser scannipg-Aficroscope showed a high
uptake of U-KFiS in malignant cells. BExample 5: U-KRS as Anticancer
Agent - Oxygen ConstiFption Materialg argmethiods n vivo
experiments in mice. Pwo-te-five-controt-antmals-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 furth&héréalied: Me skemuipsnwds jEetsa svithlDaiep s KR Bickgoamimiatd U-

weaight igsthe-apdeming areadmmediatatyafter thedwmosr implantation.
gL5Results Mice implanted with the ascites tumour, either after
intraperitoneal or after subcutaneous administration of U-KRS showed a .
onger SRR s FER LT S whICH el E B an
tré4teer 9rne Hik&Surement of oxygen consumption of an ‘ascites tumour
20 suspension by means of an electrode in vitro brought about a brief
increaseiiaeobsuaption Bter the addition of U-KRS, followed however, by
1R r;ggcqg@pmarsnkgg%m&@%%%w %;%W%@QQ”&O;@L@GN@ in a
- - xample 6: Modification of a ciceptive action o
HCS) 5 R R, (508 Riatirale o helFRionCngyes wore
ELsETeA O etespRImEal Shtthéie WYBFHB SAsOrdide BRA Mdle RORTARte

rateffered saline (PBS) and split in a ratio ranging from 1:5 to 1: 25,

Human endothelial cells were isclated from umbilical veins by

15 collagenase treatment. 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

20 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 deifected in a photomuitiplier channsl.

25 The signals 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

30 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.



-.30Treatment:.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 groupsof animals were injected with 1) placebo, 2) morphine, 3)
U-KRS, 4) U-KRS and morphine. 35 Results: - 14 -  The results

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 rieRGeEpfveTeadtiion M- GESEIHEE teStd Rthe praseht resifiacted
suggestirdt ty-KR S sandnseract withranatgesithdrigs whigh argalsedinJ-KRS
capcelaikihanteample 7: Induction of bimodal programmed cell death in
malignant cells by the derivative U-KRS. Material and methods 15The

562 erythroleukaemia cell line was used, and U-KRS produced in pure
Erystall St SRS fochr T RS A8 B OOt P B
- The DNA content of K562 cells exposed to various concentrations of
UKRS Wereranalysednaing'propidium iodide and flow cytometry. 20
Resultailhe/esidis ohiinssstudypRovribat 4d- RS badueshirmadakeslt sach

d@ﬁ}@c‘ted with 50wt of an Ehrlich mouse ascites tumour suspension 1.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 injected with 10mg U-KRS/

kg animal weight In the abdominal area immediately after the fumour

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 control suspension not mixed with U-KRS

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

Materials and methods

A'ﬂimais: Experiments were perfofmed 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:



—-programmes,-the first of which, apoptosis,.is.mediated by.guinidine ... .~ ...

sensitive  Ca2+-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 30Material and methods all

labelled 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 wells with different U-KRS concentgation. Prior to that, the cell lines,
guinea pig hepatocydes, C1L hepatocydes, human tonsil cells, muitne
lymphohigs '35 Hiurifé RiRiomA YERHIERT CBHS, BT Histe Unaing, BEBY and
EbhdynhpiromagBACHs RP8IswEréhgrown@dcHpag37admog midretitioduced
wellsinodibeptiviViln sells wererifictibatesbinia somewhatdifferent increase in
schema for.6 apd 24 h at U-KRS concentrations of 1, 4, 8 and

§.4pg/mIU-K S. Results 5Fluorometric evaluations show stronger affinity

of U-KRS to elements of the cancer cell nucleus that to other cancer cell

areas. Eftfor8&ediite prEHBMERTay ey SRof M sEERY HRGIHEY with
strongpaing gaiek affinisresertdd!y VKRS FIDATGEr afdthBtadtadigcicentive
areas:tNp taxinetestsiare seen ifrhermabeestisdrefitediggesishahioha® can

100:percenkarawihdiahibiieny JadilraneererlHinamtasted to date.
xample 9:Influence of U-KRS on human xenografts Material and method

15Tumour cells were taken from human tumour xenqgrafts and seriall

transplGXEERRHRt NURRURIEE PhelEedifs BIBREATREE I % LoiSRT ity anant
aguzis ibwitre dRamiracBiE Bere incubated continuously for at least one
week with several concentrations of the drug U-KRS. This was done with
six diffgpgpt,tupes angddhecolony formation was scored for each tumour.

'Eq-l\-/lhe 20. Eau%gg Cﬁt}S erqeru a%rrtn%g gglpﬁrqg.e wal'%%g%té%oﬂ!@s %HE%@& in
any di erent Kin ofr?umours are sensitive to U- correlatin .'[Ot e‘f 1.2
n o .

vares, essaiRpl-favs. #hdrdisieYGhdirnididirects SRERTOTE

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.



--25.dependent-on-the-regeneration ability. of the.immune.apparatus, which..... ... ..

stimulation and modulation may be accomplished by U-KRS. Example 10:
Influence of U-KRS on human malignant cell lines 30Material 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 PP9AAOQ2 derivatives were added to the
culture media. 35After irradiation, 200 cells were plated per slide and
incubated for one week, then stained asd counted. - 16 - Results  The

results presented here indicated that U-KRS and PP9AAQ2 derlvatlves act

on hum&PhARgRareER MM ofsAREIRELE, N St slisens 787 © and
Exadniplet 11 Mg uced G2iMiarrest And:Abeptosisis Muh&R Epidermoid
Carcinoma Cell Lines by U-KRS Material and methods 10Primary human
keratinggyies.were isolated from, neonatal skin speciments. Epidermal

Sheets were try ?#Q'Zeﬂg ds'“ Ae e&'m% sgo%%%ﬁ%\fsﬂ%ﬁeﬁsbyoeemm of
tSC

centrlfuga?on esu?ts cycle sgq ession in

o8 dEpRteEthaaPLs Wﬁkﬂe‘é B SBCES el Bgite oresconce
distribetivarandmd eéesapdptesish HaB81D st MEa gdresfsand quick affinity
ExpressiopoithesyclinsCOks andGhttdnhibitas pRE chaingeSaafterre seen

treatment withld-KBSed in dosis which sre 100 percent growth inhibitory to
10 ecancer cell lines fested to date,

' Example 9: nfluence of U-KRS on human xenografis

Material and method
15 Tumour celis were taken from human tumour xenagrafts and serlaﬂ‘y
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)

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.



20-—Example 12: Antimetastatic.effect of U-KRS and.its.influence.on.. .. ...

the oxygen and energy metabolism of mice with melanoma 6-16,

Materials and methods 25The experiment was 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 oncegn two days. The second group

was given sterile physiological solution to sinus venosus in the same

regimefTRas4its The study was showing that a day after the first

intravemaus iapadtion86sen KRS ¢theiddicesiof fine: oXxig&S regiche iff R 02

mysevianfissue nliceablydmpravgsa fihesateint POR tavglinemased uytoxic

thgurg)j mggn during the oxygen inhalation and the rate of p02 decreased
from the maximum to the - 17 - initial level after cessation of inhalation. In

animals of the experimental group certain indices of the oxidative

phospHasRien! df tH@QRF&dr%%%oﬁfé‘%ﬁTa@%oﬁ‘ﬁﬁﬁF&?éﬂ“& dHrafémingrmoid

préparatorsdtkeiinistationt/1KisSknown that under progression of the

malignant process the oxygen and metabolism is 5 inhibited. In mice

which were givens Wms of U-KRS such inhibition is less pronounced.
In the nimals OH the confrol %roucp he level ofoi}fg%en te%mon in museylar .

Ctissue ﬁ@ﬁ% ate’ot'v2 ﬁvery were Statis , eonata
G@%mmmg e idatsbehrets .t%%woégim%nﬁa%ﬁaﬁyo%rmﬁt Bk R Rensions
miediewithd3b)6oretdivgaidgomproves the delivery of oxygen to tissues as 10
well as inhibits the destructive effect of the malignant process on the

organlzpew 9}95energetics

Thesu EF]gam 3|Ilu tratelmmuno modglatl and

metabb“ ?}-‘ %§§ O@Fﬁwgnren ering Pﬁﬁ?g aatlcﬁarl

15 suﬂHﬁf@%F"%'ﬂ?é\*aB ﬁﬁE‘?tFé‘é‘tﬁf?éﬂ? ﬂﬂ%ﬁ@%é@ﬁdﬂ%“%%mmmm fr
disé&desr{dllyHEfatitiésA, B and C, ExIli, Influenza), osteoporosis,
polyartheiissprariasishans ether diskasesdocimdilimipneitions. Exargpieatier
13 Enhancement; of gaacrophage tumouricidal activity by U-
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Example 12: Antimetastatic effect of U-KRS and its influence on the
oexygen and energy metabolism of mice with melanoma B-16

Materials and meathods

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



20 KRS Materials-and-methods-----—BALB/c -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 PB$7 This dosage was chosen based
on prellmlnary experiments. Results The rate of tumour growth in

treBiEaT IRve WHE TR diniHEY. 1857 rieetiics TeravRtgDaR RS group
did¢@teshowiany déléterioudalivg elaridsidedffects. the Siver mpghipledria
1laibp vithpeffeats G;fzis} KR& ahdherphenatypadhnotmalibimans known that

| f a0 ISE’%"I is
ICO

Were iSO a?e%eo e en5|t ' o?en(f centr iTug a O

Vléﬂﬁﬁ|t9r8f‘8léﬂ§%a§rﬂéf‘§rrﬁm@@ ByD. 755 tﬁfﬁEﬁDbIH@§%|Wﬁgiedﬁ& ’F‘cfuﬁﬂ"ge”
to 56 0By Lykstiéy i b populbtion wele Gu datitetedibyit were statistically
iminuirofluresceinte 18w ging mbnoatonal iantibedies againstitotal thaelsiKRS

T-helpercalisnang &- M%mnmﬁv@m@mo&w Q}@ll@w@@at@a&@@ueq as
1de5!?35' %"%Q%@«ﬁ‘t% %%%Eé fragments gnti-mopise 1aG C‘)’%’)%%sgdor? the

S and mounted on_slides using polyvinyl- alcoﬁoTnang gﬁyce
coﬁﬁapﬁmp%{?gﬁﬂ%e%s or normal mouse serum was used instead of

monoclonal antibodies. 15 Results
The subsequent Examples illustrate immuno-modulating and

metabolism-regulating properties of U-KRE, rendering U-KRS parficularly

18 suitable for the therapeutic treatment of allergic reactions, virus diseases
{HIV, Hepatitis A, B and C, E.coli, Influenza), osteoporosis, polyarthritis,
psoriasis, and other dissases or bodily conditions.

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.



--Fhe-present.study-indicating-the-possibility-of.direct influence of U-KRS on

T-cell subpopulations confirmed the earlier observations that U-KRS could
be a good immunostimulator of cellular immunity in cancer patients. 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 BXamnBia 36 REsiEe ks Rub'tha 80eihs SHuFH pefigd Gt norme!
prestreaimendbbtheseell with U-KRS had a potent synergic effect on PHA
mitogenesis resulting in significantly higher cell stimulation indices than
those o/[/,PllgAa%ocg}% %M%@over it was found that a short period of PHA
treatm t of the cells is almiost |mcpe(}rrz1att|}/em fo!g U-KRS to xelf |¥§Omlt%%ﬁg%{a|

2
effects 9193 ud Y Thig%the e owl E% Xém*r?t |'r?€rease in circul
8968

lykipREcytes!ih Saabhis ivP Sﬁb%d f Pﬂﬁf@dﬁﬁlﬁ%’?tr@%ﬁ&s tﬁagq“e
URSty gradizamphe sy sodalatitrediimmuneleffecoestreyisigtiey 0.1%
acliyituand:5 sumans gsewtvinhihiios BB by U-KRS Material and

methogs m hoIQ{Qoyﬁwlﬁdgﬁﬁwm@aqﬁ§$§t§% the, Aim leukaemiscence

AKIL [ tal ted
[ Bﬁ}h%%wggﬁggfe?al ‘%%aéj 165 & anslt;'lv{or@a% I‘Fcifangp r)ere C¥Yé§ and T-
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Serdm containing penic

cin,
Régaﬁgessorh%eﬂﬁeséﬁpﬁﬁewa%\fud?ﬁaénﬁ%‘ﬁ@%réfﬁé%tWRR@T@/%?PJ”@H“G
effettiite Hridgidedgosponsanmhoifice agGmeaentipiphyruf &S 48 foliotheed on

lyiscRetivitinbS @i spieniaiyenpheeytasaliained fremalopnmanidedsmites or
Th%ng artivities Al eleaiad splesn sellsandipssioneakardate

ymphocytes were also significantly increased by the addition of U-KRS to
the cell mediated lysis assay medium. The results, taken in conjunction

that U-REE4/Hiso enhances the
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.

Example 15: Mitogenic properties of U-KRS on human peripheral blood
monocytes

Material and methods

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 ‘

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.
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 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-U4KRS stimulates different subsets of
the haematopoietic and 35 immunological systems. In this experiment
reticuloy b s @riaUREY 4RIaPpBEEISIEASY 6T QARG S BARNTEHRRT Y o3
cellstiohgehemhactivatioroftnd sgthrepsietcrsarmyiid ndthtinges in
the absolute leucocyte counts - 20 - could be demonstrated, it may be
postulated %E?%g@ﬁé&%}saﬁ %ﬁ%ﬁqgw &F@Q&Fé@?ﬁ\}%@ﬂ;ﬁ&@%ﬂ?ﬁp and
e.g., a dislocation of the different su appened in this experiment.
%t?%%%foﬁ%‘gﬁi%pg‘?géig 0 {ﬁgf\é%%w%g?ﬁé;se experiments was seen in 5
vitro, including apoptosis in cancer cells.  Example 18: Inhibitory effect
of U-KR& tsiavatislimid makigenicity and antiovalbumin IgE antibody
responsermmica:tOMateriaband methdts andThe:ability 6fldadRSB t8KiL cell
inkibit oyalbuminzinduced sangitzatinndvas tesietinBABIGaNbE % bovine
1BREBIC R CRIBIEIMNICS, CLIIAR WS fogHgad Lo the mice in the
mixture with antigen ovalbumin and a juvanfoét um) inhibited the
sensitization of mice, reflected in lower anti-OA IgE antibody 15 response
and deBesaged antigen-induced histamine release from mast cells isolated
from peami@neakeayities\ofrsessitizedamicns Fhe efieet oUUHKR & oanthef fective
anfigenicity ad gvalbumin; (AN i AraaRylaxis wasdesterdin, heleiolRgaesivity
1gPagsive cutaneus anaphylactic, (F G/A) 1eagtion,oi 1als, 20ReRlE. the iytic
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.
The results, tfaken in conjunction that U-KHS also enhances the
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 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



- Theresults show that the OA prepared.in the mixture.with.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 ovariectomy-induced earl .
ostevfsbrosidemamiiatrstion BTaY-RFSBARAARS I bt thEhgerBiiR gy VKRS
afterithessurgicabopetation. At ésmd of the longiprrtreatrméntiwitififferent
U-KIS3R5 easheraliwasirstegdarther strength of both humeri and some
parameiers, of fR I E EER: MEeaEM &inad b IRESU S peritRG FESMS seen in

gho,\{:v that tlhgigecregse in tpnecrggggragé al strength of the humeral bones
And EBmAHang SO T IRE SemiiF Catise %y ovariectomy were prevented
by the six-month treatment with U-KRS. 5 Example 20: Influence of
U-KRSHyaparatidh dnhitflterzalrises HritFihecbarretmmicofindiignicity and
S.ageusMatesia aagmethods: Aslusnarviruses of the APR8/HON1/34
strain were cultured on 10-day- old hen embryos; E.coli bacteria
] &erivedﬁ%rr}f%rreé\%%%igglsmaterial and the strain 209P of S.aureus were
employeé’.PU- KRS preparation of the series 290614. '15Results This
study cofiratdithe 8kidliiy o ShdnBEQE LA BRORRS PrEparatsh vas
in‘rddnfdctBé kiderenor ganiSmi Bisis<irtuEpide ik mieatdéd o ughstHatroduced
stisdladien elogomerriempats ofvie hosigamisneByatem due sdjavant (alum)
SEREANFRTY HRsStHGUAN AfMICEP RIYRNIRIASQLACEHS IRGIGHBONCSE Biti8ody
1529*803r gg‘s‘%@%’d decreased antigen-induced histamine release from mast celis
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 EXAPAPIE- 21 Biological activity of U-KRS with-respect-to-influenza virus oo

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 dissolved de novo in Hanks solution. Results 30ft
was confirmed that U-ICES has the hampering action upon the

development of the infective process. Example 22: Action of U-ICES on
effects of irradiation 35Materials and methods CBA/J male mice of 16/20g
body weight. - 22 -  Short-term whale-body gamma-irradiation of mice

at doses ranging from 6.0Gy to 7.5Gy was performed. Long-term
irradiatf®tfWith the cumulative dose of 8.75 Gy was performed using the
CEGO tevices UK RS wab aid inistsred Iatiaperonfaipatcabséeppth 107 the

1.4.an6:5 bameiksrhadynweightiResulisie faiher ability oty -KRSdotmodifysre

the effects L radiation,was, studieddin: GBAYLmigs. 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 7G%¥yé/ietg and

5 5
no effeErar e dbse!Bf1756S, ValINg T RRAGE A drIE aft
inflbie e ttrés o e o fSresdkation. The main outcome of the
present study is thefinding that U-KRS is capable of modifying the effects

of irradjgtion when,applied:in both 15 prophylactic and curative regimes.
10 influenza viruses of the APRB/HONT/34 sirain were cultured on 10-day-

old hen embryos;
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

dizsoived de noevo in Hanks solution.

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.



-Example-23: Effects.of U-KRS against.ionizing.radiation Materials.and..

methods 20Brest carcinoma, colorectal adenocarcinomas, glioblastoma
and pancreas adenocarcinornas cell lines. U-KRS preparation.  The
effect of U-KRS on cell survival was tested at concentration ranging
FROM 0.2pG ML. The exposure times were 1, 3 and 24h, after which the
cells were washed with phosphate/buffered saline and fresh 25 medium
was added. Results  U-KRS treatment resulted in differential time- and
.dose-dependent reduction in clonogentit cell survival. All four human
tumour cell lines tested 30 showed different sensitivities towards U-KRS

- with an $RPEEO-oR HRYRSF e FRHOR G HGYRNtE stigRatas CofTparagnd
withdramah fibroblast$foy 2ateincudséirioned. 0051630 TS 23p@tion with the
CRGhAMS:CR:b. £)8.75 Gy lwdsprocessdarthiedanasufacioreofian

a'ka'OlM@@%'%JyOME&Q{@M@n%&&e@ﬁbm\ﬁlgelggsggrw@ttya othef and
rl,tsar}gwq uine an% N-methylprotopine chloride, the 5 a)providing a
rea u

r rising an organic solvent, at least one alkaloid

present in the herb Chelidonium majus L. and preferably selected from the
group Aesults

10

15

20
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30

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
found to increase the survival rate of mice by 50-80 % at irradiation 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

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

Marterials and rmethods
Brest carcinoma, colorectal adenocarcinomas, glioblastoma and

pancreas adenccarcinomas cell linss, U-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

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
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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consisting of chelidoniné, protopifie, stylopine; allocryptopine,
homochelidonine, 71- chelamidine, chelamine, L-sparteine and
oxychelidonine, and an alkylating agent, and CD carrying out an
alkylation reaction by reacting the at least one alkaloid with the 10
alkylating agent in the presence of2fhe organic solvent, to allow for the
formation of at least one alkaloid derivative having a quatemary nitrogen;
b)after termination of the reaction@gmﬁ%ing 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 IE

1. cfspbjeetisgdhthwashadaenctiont mb(mﬁimgﬁﬂmﬁidﬁ%ﬁhiéﬂﬁé%iﬁgi% least
i aus.or liguid. form,, preferably. with gasequs rogen chloride or a

one %%/ rﬁgeaﬁéé"%’ (;ir}%e%%ﬁ%‘iigﬁ%%g W%gﬁﬁﬁ améﬁg%ﬁ@rat%@ﬁmwom@v the

derivadikaloitridgrivatiateintara niateresolinal e foras spastigpiaihya water-soluble
salt. 2. The process of claim 1 wherein in step c) a reaction product
precipitates during 20 or after the treatment with acid, whereafter the

3)  Rediiaas EHRAERHIR NE BRI SoERTiarRDbEEnatjerstiEre alkaloid
prese iS4 SHREODRIE SR haBs The PracessiOf AN hakd WSS group

the all%/Iation reaction is carried out at elevated temperature, in particular

consisiinge BoilfliF jaRINSHthersénabng, | Buiopus7eiacnmiopimre focsselidonine,
chelaraiiine]igdRiaineoOnesphAaines dnto dxWherabHISIIdRRIBS: alkyiating agent, and

. oxychelidonige, or methoxychelidonine is applied as a sole alkaloid ™ _
camyi L. TIPS b RICIRY oS oFE ! 108 AW with the
alkylating algglettingagentience 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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~a physiologically active agent, preferablyactytotoxicagent. - The - -

process according to any one of claims 1 to 6, wherein the alkylating

agent is water-soluble or decomposes into water-soluble components

upon contact with water.  The process according to any one of claims 1

to 7, wherein the organic solvent iZ4elected from the group consisting of

monochloromethane, dichloromethane, trichloromethane,

maRo h | roethane.and tachloroethane. 0 9.The proces .
> accor ingétgo%n%;agfﬁi\}(gH %ﬁm@ toG%I%W %r%% hgehglr})ﬁat?ng\’%?beééhsc e?ldomne,
oxycheiigde i aingshosprrddaniiide opisd o4 @)ie HTeipaness.

according to any one of claims 1 to 9, wherein said alkaloid derivative has

aguaternar nitrogen atom to which, as a fourth ligand, a hydrogen _

SRS SIS A M B 616 MRy 466018 B Alying agent is
a physasiniedli petiferalyrieingfaeietied duesmihe ggeup consisting of a

methyl, ethyl and tris(1- aziridinyl)phosphine sulphide residue. 11.The
process according to any one of claims 1 to 9, wherein said alkaloid

7 bR AN9ERES ECIIREHArFHItRSeH slaimarides afberdinlitendiofisaid agent is
RRSONETOMGL OIS S5 AR5 URRTISTED Ao

water HHI08RNR e6oH
20 12.An alkaloid reaction product, comprising at least one a
derivative other than sanguinarine and N-methylprotopine chloride, the

8. denwarivedsavingoadiugtiensany cisagerzand thexalkalaistdiaing:selesidsolvent is
m ar of alkaloi resent in the herb Chelidonium majus L. and
Séiemgk@efefgg y ;ém#(:céﬁﬁsom tﬁ%%aggr%n cBhsiifs %gmﬁﬁf@'prg{gﬂﬁ@me{hamv
trichlogynsphencalioengstopioe thamso clieidorethehel anddines lohatgmine, L- 25
sparteine and oxychelidonine, for use as a drug or medicament.

9 5165978 25 .13, The alkaloid reaction product according to claim
© 1% BIRRESI 8 SRS e aceBRM S Ry dRS ombripie theoalkyiating 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
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.

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-

sparteine and oxychelidonine, for use as a drug or medicament.
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147 The alkaloid reaction productaccordingtoclaim13;obtained-through
reaction of 71- one or more alkaloids with an alkylating agent, wherein in
the derivative an initially 5 tertiary nitrogen is present in quaternary form to
which, as a fourth ligand, a hydrogen residue or a residue originating from
the alkylating agent is bound, the r&Sidue (NlIpreferably being selected
from the group consisting of a methyl, ethyl, and tris(1- CNI

13. C‘W@é‘ﬁ@l@bﬂ)9@9@%”5@3@&'%%%3@”%%S%e ) I0| g%%% in a process

tris(1-aziridinyl)phosphine 71- su
accorging deEaYCRRaing s Ensh ©31dr 14, wherein at least one aIkaI0|d
derivative is present in the form of a water-soluble salt, preferably in the

f mofa rochl ride. 16. The alkaloid reaction product according to
o AR P B D8 kR GBI I oy GRERBIGH f0bion reaction of

one meﬁmgyamam@mﬁs presticyiasg sejeaikalaiskepursand Gethe dikalgidinitally

et e bR LAY RE it 13é§@i?ge¥$§£%'§%‘§aowmgen

resadmrms&ng&sidmeao@dﬁﬁs@aﬁycﬁfi&!@ a#wmﬁgda'%gbﬁkzti@hgbﬁgﬁﬁﬁ e residue

ti ts of the alkylatin . A chelidonine

prefe% ﬁi)/argﬁ%%é W elz%?éc% r%rgtjgﬁl)go% rﬁ%ﬁ%ﬁ@'ﬁ Pine @piadefitivbornd tris(1-
Zirid @Nﬁmém%rmmmdlmﬁMe suldseguentgarnala {Hs(1.-£084650F80sphine

suiphide,

15.  The alkaloid reaction product according to claim 13 or 14, wherein at least one
alkaloid derivative is present in the form of a water-soluble salt, preferably in the form of

a hydrochloride.

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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26 00 C>wherein as a fourth ligand R1 10 the quaternary nitrogemn-a
hydrogen or a methyl or ethyl residue is present, for use as a drug or
medicament. 19.The chelidonin derivative of claim 18 in water soluble
form, preferably as a salt with a strong acid, most preferably in the form of
a hydrochloride. 5 20.The chelidordifie derivative according to claim 18 or
19, which is characterized by the NMR spectrum in Fig. 4, the UV

#§]zaWTa S S in Ei n and the
b o e e e el ARSUER & SR e et o ety
residugpit prswegialts aseore aikaior desivaivesother than sanguinarine and
N-methylprotopine chloride, the derivative having a 0 quaternary nitrogen
the alkaloid being selected from the group of alkaloids present in the
19 o R A S Shohér o SRR OB AP G ratpsably 2 a sait
with acdnsistiagidfrohetigosfiombpratapin e stytpine/ateanyptrpine,
homochelidonine, chelamidine, chelamine, L-sparteine and

axychelidonine, in the manufacture of a pharmaceutical composition for
20.  has REsiyeRiasd tramtvern eoadings insslainp dGilgrcthditversisl ettt &erized by

the NIWRN2ABerEIRUM FopSipting Ofwiabinfestian Fsanses, 58l in
dysfunction, meta oligg%,sfuncfebn and radia iogﬁegfg%%%gcgz%gj%y in Figures 7

and 8, 200 i & RMERR Enaleiein fPliskase is selected from the group

consisting of allergies, osteoporosis, skin tumours, influenza virus

[ ] r ic di e ars, postoperative, wounds, epilepsy and
21 A R A O WL S S
other éh@lloia%%ﬁﬁﬁdﬁﬁinMdﬂmmmHMaeﬁmbmchﬁﬁ&cﬁeraxaﬁv!tzeﬁavéng a

| t in Ei - rum.in,Eig. 5, the,mass .

auate AU DR PRAEHD G LAt R S Bl s proen
in the @@?’Qs@@'ﬁ@éﬁ@li@@mﬁédémaﬁﬁ @éﬂbﬁh@ﬁﬂnﬁ@%ﬁw@mmmnsisﬁng of
chelidopRisfagige ghed Wéﬂﬁ@??%&@ﬁ%@ﬁ%}'%éﬂ%&@ﬁe@%&a SR amidine,

Xi
treatment of a disease or bodily con n selected from the group

chelaniisigeilaRgasiainsa e casvehalidesinmnifuibr gianuiasture it anptatioliceutical
compagjtiiunziionapidseiaiian amedeent 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.




77 Use according to claim 24, 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. ABSTRACT QUATERNARY

CHELIDONINE AND ALKALOID DERIVATIVES, PROCESS FOR THEIR

PREPARATION AND THEIR USE INMANUFACTURE OF

MEDICAMENTS A chelidonine derivative is disclosed. The present

invention also relates to the use of the chelidonine derivative in the
25mantfactureafiagpharcnace dticakberdpositionifendhdpraplydaxisodr the group
ofiSRERt 9fia disease orhodily gondition selected fromthe group

co‘nsiéing oIf vﬁaﬁn(fectlgn, cancer, immunb1og|'ca? ys}/un(:tion, meta
disdysfeirrction b radittiondamagei {EES ad)l multiple sclerosis.
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