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THIS INVENTION is ~directed to cellular autophagy. In .. ' 
particul.ar, it is:. directed to the contro1 of cellulaz 

5 autophagy, :!.Cellular agglutination and the 

immobilization of motile ce11s. . . 
_..., . .. 

BACKGROUND ART 

Controlled autophagy and/or agglutination or 

immobi1ization of cel1s should be very useful £or a wide 

10 variety of therapeutic and other medical. and non-medical 
uses. 

Before describing the present invention in detail, it is 
first important to apprecia~ the differences between 

autophagy~ cell lysis and apoptosis. 

15 Autopha.gy (or sel.f digestion} is the resul.t of 

·dis~upting the ce1lula.r organell.e the 1ysosome--
directly or indirectly, £or example, by inh.ibi tio~ of 

mitochondria:L activity. 'rhe ce11 thus digests itself 

from the inside, incl.uding digesting the pl.asma 

20 membrane of the cell, to leave behind the nuoleus that 

is a~so part1y.digested and £ragments •. 

<;ell lysis , however r is cell. death due to l.eaka.ge of 

material from the cell and can be induced by changing 
the ;osmotic strength o.f t}?.e media surrounding the cel.l. 

25· Cell· lysis can be induaed by __ causing damage to :the 

plasma membrane of the cell, _for example with enzymes or 

antibiotio.s, to induce osmotic shock. Also in 
haemolysis, which is the specific lysis of red blood 

.. ·" ':-· ·~ .-.~! ("'·:., 
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cells, haemoglobin is extruded by the cel1 to leave 

behind a damaged red blood celi memb~ana~ 

Fiz;u!.l.ly, apoptosis is the fragmentation of the nucleus 

and the encapsulation of these fragments and cel1 

5 organelles in plasma. meinbrane fragments - this does not 

involve cell lysis or autophagy. 
_.,.,...., ... ... 

Traditional treatment for an infected .host is the 
.,,. 

destruction of the invading virus or the like, leaving 
the cells of the host intact. similarly, if abnormal 

10 cell growth of the host is responsib1e for the malady, 

then treatment, obviously, must only target the 

abnoX'tclal cel1s, leaving the normal cells intact. 

".rrea.tment of the l.atte:r type of malady, eg cancer and 

related diseases, has been the suoject of much research 
15 and a large range of chemical compounds have been 

investigated with mixed results. 

Preference for treatlt'le~t with ·naturaliy 

compounds · ·. is increasing and of the many 
OCC'Ul:J:i.ng 

alkaloids 
currently used or tested in medicine., many have been 

20 extracted from plants. In particular, the use of 

extracts of the pl.ant species Sola.num as an effective 
treatrnent of certain cancers has been known since at 

least 1825.. Research into these extracts f:com 1965 

onwards has esta.blisbed that the antineoplastic 

25 compound ( s) was most likely a. glyooalka.loid( s) • 

Examples include B-solamlline,. a. glycoalkal.cid extzacte.d. 

from Solanum dulcan1ara as a t~cur iDl::Jibitor, and other 
glycoal.kal.oi.d.s extra.cte.d f:rom.solanum. sodomaeum L. which 

30 

possess 
Another 
[ 4-+3 j 

. 
antineoplastio ac~ivity both in·mice and hwuans. 
example · is SolaplUJtibin ... wbich is :rhamncsyl 

soJ.asodine o~tained from Nicatiana 

·· ..• 
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plu.'t\baqinif olia which has been shown to have anticancer 

p_roperties in rats. 

However, specificity remains a probl.em and it is not 

always possible to target solely tbe invading virus or 

5 the 1.ike or to only affect abnormal cells of the. host. 

DISCLOSURE OF THE INVENTION 
--¥· • 

The present inventors' studies of norma1 and ·abnormal 

cells have discovered specific receptors en abnormal 

cel.l.s whi.ch are either not present on ncrma1 cel.l.s · or 

10 are only present in significantly reduced numbers such 

that certain compounds are pref erential.ly recognised by 

the abnormal cel1s, and which bind thereto and 

.s~.b.seqUently destroy.. Once these receptors have been 

identified it has also been discovered that certain 

15 alkaloids and other pbarmaceutica.ll.y acoeptahl.e 

compounds can be used to control celluJ.ar autopha.gy, 

cellular agglutination and immobilization of motile 

cells. 

With such control, it would be far easier to target a 
\ 

20 particular cell for destruction er some other 

modification and woul.d be useful. in, for examp1e, the 

treatment of cancer, contraception, termination of 

pre~:nancy, removal. cf pathogenic organisms and removal. 

of any abnormal. cel.l.ul.aJ: growth (ma.lignant. or 

25 otherwise). It would aiso be useful as a diagnostic and 

analytical tool whereby cell structure coul.d be studied 

and_ testing couJ.d be und.e:ctakec. for the presence. (and 

. subsequent analysis) of pathogenic ·and non-pathogenic 

organisms. This control c:f cellu1ar function. wouJ.d 

30 a1so be useful in the manufacture of biochemicals 
whereby certain cells must be destroyed or otherwise 

contained. 
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The present inventors have discovered that, by 

identifying a particular receptor site of the target 
cell and coupl.ing a sui.tabl.e. compound the:reto, the 
required control of cellular function can be achieved. 

S Thus, according to one aspect of the present invention, 
_ there is provided a method for identifying a compound 
suitable to ccmtrol cell autophagy, cell agglutination 
or immobilization of motile cells, said method 
comprising-: 

10 [a} analyzing the surface of each of a .target cell 
and of a non-target cell; 

(b) identifyinq receptor sites en said surface of 
said target cell which are either not prese.~t 
or only present in significantly reduced 

15 numbers. on said surface of said non-ta.rget 
call; and 

(c) selecting a co~pound which will selectively 
bind to said ,;ecepto:r sites of said target 

cell and which will exert said control. 

20 As a. sec.ond aspect of the present invention, there is 
provided a method to control cell autopba.gy, cell. 
agglutination or immobil.izaticn of motile cells, said 
method comprising: 

(a} identifying a compound suitabie for the .. 
25 . required contro-l. by the me~od as hereinbef ore 

defined; and 

(b) binding said compound to said receptor sites 

of said target cell. 

·-·--/ 
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A third aspect of the present invention is the provision 
of a compound which is suitable· for the controi of ce11 
autophagy, cell agg:!:~~ination or immobilization of 

moti1e ce11s by tha m~~1od as herein'.before defined. 

S Pref erahly, the control. of cellular function by the 

present invention is by using compounds 0£ the general 
f OrIDUla ( 1) ': • ·- -r• 

wherein; 

either one of the dotted lines represents a dou:b1e 
10 bond, and the other a single bond, or both 

represent singl.e bonds; 

-
' 1 

"A•1 • represents a radica1 se1ected. from the 

£ollowing radicals of ganeral formulae (XI) to (V): 

J • 

(:t:!) ~ 

~ 

-
, . ?"3 

ii1i1ii1ii iilii 
(XV) (VJ •. 

J 



RC\. BY:DREW & :XAPIER :22- 2-96 : l0:4tJ : 61 7 :32210597- DREW & NAPIER:# 9 
• ~'-' '-'- JU .a.~· '""t'UI I I \::::111,n1 l 1 n.un1 IW oc 'wV \.U.L I """''-'-.J.u-'JI ~ I • J' -tU 

W09Jll0743 PCI'/ A U91/00020 

each of R1 is a ra.dic:al separataly selected frcrn 
the group comprising hydrogen, amino, oxo and OR4 ; 

each of R2 is a radical sepa.:rately se1ected from 
5 the group comprising hydrogen, amino and OR4 ; 

each of :R.3 is a radical separately selected from 

the grou-l?""· comprising hydrogen,. alkyl and R4 0-

alky:Lene; 

each of lt'· is a radical separately selected f rem 
10 the group comprising hydrogen, carbohydrate. and a 

carbohydrate derivative; 

,­
-:1 

"X1
' is 

comprising 

a radical selected 
-CB2 -, -o- and -NH-. 

from the group 

For non-carbohydrate compounds of general fo:cmula ( 1), 

the preferred compounds a.x:a scla.sod.ine, sol ani dj ne,. 
diosgenin, solangustidine, leptinidin.e, 

solacongestidine, s~lafloridine, demissidine, 
soladulc:icllr.i.e, toma.tideuol., pa.nic:uli.dine, ju;:-jubidi:c.e,. 

tigoganin, yamogenin and neotigogenin. 

20 The more preferred compounds are sol.asodine and 
solanidine. 

When the compounds of general formula ( 1) represent a 
carbohydrate (such as a mono, o1igc or pol.ysaccharide) 

or a derivative thereof~ the preferred radicals R4 are 

25 · glyceric aldehyde; glyce:tos~; erythrose; tbreose; 

ribose; ara.hinose; xyiose; lyxose; altrose; allose; . 
gulcse; mannose; g1uoose; idose; ga.la.ctose; 

talose1 rhamnose; dlhydroxyacetone; erythrulose; 
ribulose; xylulose; psicose; fructose; sorbose; 

'lO taga.tcse; and other hexoses (CeB1:zO•); heptoses 

., 
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(C,H~,07); octoses (CeH~s08 ); nanoses (C9B~.o~); 
decoses (C:r.0B200:1.o); deoxysugars with branched chains 

(eg apiose, hamarnel.ose, streptose, cordycepose, ~arose 
and cl.adinose); compounds whertti.n the aidehyde, ketone 

5 or hyclz'oxyl' groups have been substituted (eg N-acetylr 
acetyl, methyl, replacement of CHzOB); sugar aJ.cohols; 
sugar acids; benzimidazoles; the enol salts of the 

carbohydrates; saccha:inic a.c:i.dsi sugar phas.pha.tes. • 
.. .. -_, . 

The more preferred compounds are 

l.O solamargine and solanine. 
sol.asonine, 

Other prefet:red compounds of the geue:ral. f.oz:mul.a. (l) are 
solanocapsine and 26-aminofurostane. 

It will. be appreciated that the various compounds 
referred to throughout tb.i.s specification. .may be chiral. 

15 and the present invention relates both to the 

individual stereoisomers and to any mixtures thereof 

20 

including mixtures 
diastereoisomers. 

Al.though 
proposed 

not wishing 
tne.chanj sm of 

of enantiomers and/or 

to be bound by theory, 
autopba.gy induc.ti.on by 

the 
the 

preferred compounds of the present invention wherein 
all of the radicals R~ represent hydrogen is by 

diffusion through the plasma JDembJ:ane of the cell to 

interact either directly with the lyscsane causing its 
25 disruption or I and indirectly by inhibition of 

mitochondrial aotivity. When R~ is ether than hydrogen, 
the mechanism of entry into the cell is by receptor 
mediated endocytosis. _ ln the c:ase of 'R3. representing 

carbohyd~ate (ligand), the receptors are endogenous 

30 lectins. 

1iiiii1Hr 
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This receptor mediated endocytosis is important because, 

as different cells express different receptors for 

various compounds, it is thus possible to couple any 

ligand (which inte?:acts with a specific cell.-su:c£ace 

5 receptor) to specifically induce autophagy and/ or cell 

agglutination or immobi1ization of different cell types. 

Sui tahle liqULcts· other than carbohydrates incl.u.de the 

steroid and no~-steroid hormones (eg, progesterone, 

insulin, oestrogen, gro~th hormone), growth factors, 

10 po1yamines, cytokines, lymphok.ines,. lympb.otoxins, 

cha1ones-, fa.tty acids and cholesterol - ie, essentially 

any chemical messenger reqUired for end.ocytosis. 

Once such a ligand. has been identified and coupl.ad. to 

~:.~ appropriate steroid derivative or other compound, 

15 administration to the cell-containing host should 

induce cell autophagy and/or cell agglutination or 

immobili.z.ation. 

It should be noted that_ it is not essential. that tbe 

af oresa~d ligand be di~ectl.1 coupled to the said steroid. 

2 O · or other compound. For example, the said steroid er . 
other compound coul.d be attached to one end of a 

suitable o:cga.rtl.c or ino-rga.ni.c carI:ie:c, such as a 

polymer, with the ligand cou,pl.ed to the other end of the 

carrier. 'rhis indirect coupl.ing of the l.igand to the 

25 steroid o~ the iik.e could provide a convenient de1i.very 

system for the present invention when it is 

inappropriate, for whatever reason, to directly couple 

· ·: the "ligand t.o the active ·compm;ent. 

This ability to control cel.lular function at will is 

3 O not evident from the current prior art. Different 

diseases rec;iuire diff e~ent treatment a treatment 

effective against skin cancer is unlikely to be as 
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against, for exampl.e, ovarian can as the 
cells have different receptors. For example~ 
it is known that certain glycosides a.l':e 

ef~ective against certain cancers, these same giycosid.es 
5 have not been assessed for their potential use against 

other cancers nor has their mode of acti.on been studied. 
It is believed that the present invento~s are the first 
to have studied. .... this mode . of action,, identified those 
receptor sites on "abncrmal '' cells which differ fr cm 

10 those on "nol:lfla.l.'' ce1l.s and by a. suitabl.e sel.ection of 

an appropriate compound, achieved a required control on 
cell.u1ar function. 

For their use in. pra~tice, the c.om.pounds of the pre.sent 
invention a.re· not general.ly employed by themselves. 

15 Preferab1y, · they are use.d in a contPosition containing 
one or more of the com.pounds, in assoc:ia.tlon. with a.ny 
pharrnaceuticaJ. .. type carrier or diluent which is 

suitable for its administration. 

As used tlu'oughout the s~e.cification,. the ter:m. '' carx:ie.t: 
20 of diluent" denotes an organic: or inorganic, natural or 

synthetic material with which the active ing~edient is 
combined in orde:r to facilitate the aWninistra.tion of 

25 

the invention. 
generally inert 
acceptabl.e. . 

This carrier or diluent is, therefore, 
and it must be. pb.armaceutical1y 

With the oel.1ular control availab1e from the present 

invention, it shoul.d be possible to targ~t a particular 
cel.l: for destruction or ·modif~caticn. necessary in, for 

example,. the treatment of cancer,. contraception, . 
30 termination of pregnancy, removal of pathogenic 

organisms and removal. of abno:ana.l. ce.llulal: gi:owth .. 
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Thus_, as a fourth a'spect of the present invention, there 

is p:cov.ided a. ntethod of Uiduci.ng ceJ.l. autopha.gy, cel.l 

agglutination or immobilization within an anima1 body 

{including humans), said method comprising administering 

S to said animal. a compound or a composition,,. both a.s 

· hereinbefore defined. 

The present ~~yention should also be use£ui as a 

diagnostic and analyticai tool whereby a compound. found 

to selectively bind to a target cell could be initial1y 

10 further modified to ena.bJ.e its detection by sui tal::>l.y 

avail.able techniques, thus acting as a "marker'' 

identifying the target cell. 

Thus, according to a fifth aspect of the present 

invention,. there is provided a.. method of maiking anQ. 

15 identifying a target cell said method comprising: 

(a) identifying a compound suitable to control 

ce11 autopbagy, cell. agglutination or 

immobilization of motile cells by the method 

as hereinbefore-defined; 

20 . (b) further modi:fying said compound to enabl.e 

detection of the thus modified compound; 

(c) inducing cell autcpbagy, cell agglutination or 

cel.l immobilization. by the method as 

hereinbefore defined; and 

25. · .. (d) detecting said modified compound by any 

appropriate means. 

Preferably, said COtllPOund is modified by further 

conjugation with anothar compound, this other compound 

being detectable by its· f1uc~escence or radioactivity. 
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For example, a compound. cf the general foxmu1a ( l) as 

herei.nbefore defined coUl.d be reacted · with the 
fluorescent reagent dansyl. chloride, or said compound 
could be modified to incorpor~te the usual radial.a.bells) 

S known in the ax:t. 'rhe tbus mcdi:Eied. compound cou.J.d be 

purified before its use in the induction of ce11 
autopbagy, agglutination or immobilization and the 

progress of the bi.n~a foil.owed. Hnder a fluorescence 
microscope or ··radioactivity counter as applica:bl.e. If 

.10 the binding is undertaken at· a low temperature, the 

internallia.ti.o.n. of the marked compound will be slew 
allowing the binding to be followed. 

DET~ILED ngscRIPTION OP 'tMBOD!M!NTS 

Specific details of t~e compounds and. methods of the 

15 present invention will now be· illustrated. The 
tec!mic::a.l ·terms identified have the ·usual meaning in 

the art. 

Solasodine glycoside.s aan be isolated and purified as a 
2 0 mixture C known as BBC) comp:ci.sing sol ama rgine ( 3 3 % ) , 

solaso~ine (33%) together with di- and Mono-glycosides 
l 34'ts) or as sepaJ:"a.te components (C~a Jllaml.a.ees :t>ty Lt.4, 
Australia.}. ·and. these compouDd.s ha.Ve been investiqa.t.ed. 

for the inhibition of oell replication of human cells, 
25 ovarian cancer cells, melanoma. cell.a_, cells infected 

with viruses, · ncrmaJ. fib:i:oblast.s, normal.. bope mu::cow 
. cells, 1eukemic cells an4 normal lymphocytes. ~e 

· · .. · in.hibi tion of the glyc~sides -: of solasod.lne have been 
demonstrated. with the a.ppi:op:ria.ta "free" augars and 

3P covalently bound to bovine sen= albumin. 'l'he sugars 
that have ~eea investigated and. shown ta have inhiDitory 
effects on the act.ion of th• mixture of sola.sodine 
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glycosides a+e as fo1lows: glucose a. and a / NAc 
glucosamine NAc gl.u.cose, mannase a. and B, NAc 

mannosamine NAc mannose, gal.a.ctose a. and .B and the 
disacchaxide lactose. 

5 Chlo:ra.mbucil. (Sigma. ehemica.l Co., USA), l-2mg was 
dissolved in SO~l. of DMSO and diluted immediately before 
use in TCM + •re-'% FCS. Cis-platinum was supplied as a 
saline solution (David Bul.l Lahora.tcx:ie.a, Austral.ia.), 

and was diluted with TCM + 10' FCS. Vinblastine (Sigma 
10 Chemical co., US1') was dissolved in TCM + 10\ FCS. 

Sol.asodine glycosidas, lOOmg were dissoived in Sml DM.so· 

and diluted with TCM + 10% FCS to give a 5% solution of 
DMSO, and fu~ther diluted before use. App~opriate DMSO 
cytotoxicity studies were also conducted. 

15 Peripheral blood hwnan ll'll'Phocyt~s we%'e isolated using 
an Isopac;tUe-Fico1l gradient and cultured in replicates 
of 10 in microwell titre plates. 2~10 5 lymphocytes/well 
(lx10•/ml) in CC2 1640 tissue culture media supplemented 
with 10% fetal calf serum containing 20~g/ml of 

2 O photohaema.gi;l.utinin ( 'PHA) , · concanava.l.i:a A .( Con A) or 
pokeweed nitrogen (PWM). Tb.is was cultured :fcr4B hours 
and pulsed with tritiatad. thymidine for a further 24 

hours. In the inbibition studies, the. cell 
conaentration was Sxl05 /ml. 

25 IN Y.I'lRO ~:AL C!'l'O'.OOlCICI.'r'! !'OR BUJIU CDCBtl 
CBT·La 

-The inhibition of cell r~plication by steroid alkaloids 
is dete:r:mined by the inhibitio~·cf the incorporation of 
~B thymidine into DNA. Using this techni~e, it should 

30 be possll>le to monit.ar any preferential inhibition of 
uptake of sH thymidine by can~er cells. 

I 
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Below it is shown 'tha.t scla.tna.rgine, 
solasodi11e, p:refe:rentiall.y inhibit.s 

tritia.ted thymidine by cancer cells. 

a glycoside of 

the upt.ake. of 

In cont.ra.s.t, 

solamargine at equivalent concentration,. and the mono-
s and di-glycosides of solasodine bad a limited effect en 

the uptake of tritiat..ed thymi.d.in.a fol:: cthez: cell types,. 

including unstimulated lymphocytes · ant\ lymphocytes 

stimula.t.ed with ·-con ~. Al.so, the solasodine glycosides 

do not inhibit the uptake of t:citia.ted thymi.dine by 

10 lyxaphocytes stimulated with PHA or PWM. The inhibition 

of t:r:i tiated thymidine uptake by solama.:rgine and the 

mono- and di-glyccsid8s of solasod.ine a~e dependent upon 

their cellular uptake by endogenous endocytic lectins 

( E2L!it } . '.t'be mode of a.c~ion of the salasod.ine 
l.S glyc:csid.es, in }:>artic.ula: sol.ama.rgine, appea.%s to be the 

lnduction of cell lysis, as dete:r;minea l:>y morphological 
e'<amina.tion. 

Cells were ma.intained as monclayera in lteM1-16~0 tissue 

culture media (Grant Island Biological co) buffered 

20 with N-2-hydroxy-ethyliUpe:azine ... i;-2-etha.nesul.phcnic 

acid pB 7. s and. supplemented with 10% bea.t ina.ctivated 

fetal calf aerwn (FCS): (!) a human ova~ian cancer cel1 

line (ClB0-135), (ii) HeLa calls, (iii) human 

fibi:oblast.a, ana. C iv) as a cell. suspensia:a. a"t 
· 25 lymphoblastoid cells (EBV trans!ormea lymphocytes). 

Monolayers were ~:rypaini~e4 to farm a cell suspension. 
All cel.l suspenaians we:e ,passed through a. 21 gauge 

syringe needle to remove cell clumps ( 95\ viability) • 

Cell concentration was adjusted. to 2x1oscells/ml, and 

30,: ·a~l0 4 cells were added in_· repli~ates of 10 to the well• 

·· tlx10 5 /ml well) of HA microtitre plates (Millipore 
Corp., USA). ~he cails were prei.rl.c:ubated at 37.s•c for 
1 houx-s prioi: tc the a.d.d.i.t.!.oti of SOµ.l of the cytotoxic 

drug followed by the _addition of 50µ1 SuC1/ml cf 3 H 

35 thymidine, in the same tissue culture media 21 bou:s 
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1a ter. Incubation wa.s continued for a. total of 24 

hours, which includes the pre-incubation time .. 

All cell.s wex:e ha.:r:vested. by vacrmm fil.t:catiml. by wash; ng 

in 250µ.l of each of phosphate buffered saline, 5% 

5 trichloroacetic acid, 1. OM NaCl and 95\ ethanol and 

subj~cted to S-scintil1ati.on counting. sjmilariy, 

peripheral huntaii...,. blood l.ympbocytes were iso1ated and 

cultured 2xl0 5 lymphocytes in C02 1640TCM 10% HIFcs. 

Lymphocytes were stimulated with 20µ.g/ml PBA, Con A or 

10 PWM, and cultured for 48 hrs 'followed. 'by a 24 h:r pul.se. 

~nhibition of cytotoxicity was carried out with lactose, 

laotosyl-allJumin, glucose, gaJ.actose er rhanmase (Sigma 

Chemical Co., USA) • Cell co.ncentrations were 8xl04 /Well 

total volume 250µ1. The dpm cf tbe experimental. 

.,;:. .re.t.il.:..::a.t.es were expx:essed a..s a percentage of the mean 

value of the controls, and the mean value of the 

experimental. replicates ca:Lcul.a.ted. ~he SD of the 

controis did not exceed ~0% of their mean va.1u.e.. 

cytotoxic drugs studied -inc1uded chl.orambucil (Sigma 

20 Chemical. Co., USA) ) 1-2mg diluted in S011l. of DMSO 

immedia.tel.y befoJ:e use.), cispl:atim1m (in sal.i.ne 

solution) f Da'Vid :Sull Laboratories, Australia), 

vinbl.asine (Sigma · Chemica1 co., USA), sc1asodine 

glyccsides, 100mg in Sml DMSO ai1d d.il.ute.d. to give a 5% 

25 solution of DMSO. Appropriate DMSO cyt:otoxicity studies 

were also conducted. so1asodine glycosid.es were 

supplied as a mixture (UC), and a.s sepa:x:a.te componentsr 

,1501amargine, sol.a.sonine, a mixture of di- and mono; 

· glycosides and the aglyc~ne solasodine. All. cytotoxic 

3 O drugs were further dil.uted with H:IFCS/TCM before 

testing. Sx10 4 ovarian cancer ceils (200µ1/chamber of 

a chamber of microscope slide (Lab ~ek Mil.es Scien.ti:f.ic) 

were used·. Cont:rols. received SOJJ.l HIFCS/TCM and. 

experil:oe.ntal. chamber& SOlJ,l c£ solasodina glycosid.es 
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(BEC) l.S-3.8 llM/L after 7 hrs preincubation, and 

incubated for a furtb.e:r: 3 brs. Simi.l..aJ:ly, the celJ.s 

were treated with the ag1ycone solasodine 19.4-96.8 
JJ.M/L. The cells were fixed and exarnined by the 

5 Papa.nicolaou method. 
__ .,,., .. 

' Solasonine at ll.3µM/L was ineffective in illhibiting the 
uptake of tritiated thymidine by the various celi types 

re1ative to solamargine at 1.1. 5)-iM/L I Table 1.). The 

mixture of di- and mono-glycosides at 14.4.SµM/L were 
10 also ineffective for lymphoblasoid cells and BeLa cel.l.s, 

whereas they caused approximately 3 0% inbibi tion for 

ovarian cancer cell.s and fibrobl.asts (Table l) • ~he 

highest concentration of BEC used contained 6µM/L of di­
and mono-glycoside.s and this woul.d account for 10\ ... 12\ 

l::> inhibition for susceptible ce1ls. In oraer that 
comparisons c.oul.d. be made with previous stud.ie.s, a.nd 

because of the· limited availability of the individual 

glycosides, the mixture of solascdine glycosides BEC was 
used for further invistigations and th..e. molar 

20 concentraticn exPressed in terms of the most cytotoxic 
component solamargine. 

~n cout~ast to the othel: ce1ls tha.t .have been 
investigated, solamargine has limited cytotcxicity for 
unstimu1ated 1ymphocytes and lymphocytes s~imulated with 

25 con A, and an al:lsen.c.e cf. cytotoxicir..y when 1ymphocytes 

a:re stimulated with PBA or PWM {'rable 2). Solasonine 
was also found to be l:.neffec:tive (Table 2).. The 

composition BEC has been used in this investigation and 

the cYtotoxicity of BEC expressed in terms of the most 
30. active components, in this case, the di- and mono­

glycosides (DMG). 

1111iimur 
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From the dose response curves (Figs. la,b,c,d), tbe 
lethal dose (LD) of cytotoxi.cs required to inhihLt 50% 
{LD50 ) uptake of tritiated thymidine was determined. 
"rhe LDso of the various cell types can be expressed as 

S a ratio relative to the t.Dso of ovarian cancer cells, to 
give a thymidine uptake ratio ('I'R~o). Therefore, TR.50 

values greater than 1.0 1ndicate that more ovaria.Il 

c:a.ncer cel1s arii ..... killed rel.ati ve to the other cel.l. type 

(Table 3). From Table 3, other TR5o cap be calculated. 
10 The TR,..a for fibrobl.asts/l.ymphob1astoid cells in the 

presence of vinblastine is 0~73, which demonstrates its 

known cytoxici ty to norma.l cel.l.s. Similarly, the TR:ao 

for chlorambucil la.l.kylating) and cis-platinurn {DNA 
binding) which are used in the treatment of chronic 

1.5 lymphatic 1eukemia ( CLL) and ovarian cancer 

respectively, also reflects their known attend.ant 

toxicity, a.1thou9h that of chlorambu.cil is not 
reflected by fibroblasts. However, in the case of 

vinblastine or cis-platinwn, the J.ow TR.sci for 
20 fi'b:i::obla.sts rel.a.t.ive to ovau:ia:c. cance:c ce.l.ls is evident 

(Table 3). In contrast, solamargine gives a TR5 o 

greater than 2 for fibroblasts and lymphoblastoid cells 
relative to ovarian cancer cell.s. This suggests that 
solamargine has an acceptable degree of specificity for 

25 ova.rian cancer cell.s, and under these.. conditions is 

superi.o:r to the othei: cytotoxic d:rugi. The specificity 

of solamargine for ovarian cancer ce1ls is also 
reflected by the TR~ 0 relative to HeLa cells (~able 3). 
In addition, the molar concentration of so1ama.rgine 

30 -that is required to achieve an LD50 for ovarian cancer 
· cells is 6-40 times less than that of the other 

cytotoxics investigated {Table 3). 
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The LD50 from the dose r.espcnse curves (E'igs. Ba,b,c,d) 

for lymphocytes ha~e been ca1culated and a.re presented 
in Table 4.. The LDso for DMG indicates that they are 

equivalent or more cytotoxic than the other anti-
s neoplastic drugs investigated except :ln the case of PWM 

stimulated lymp~oey-tes. The LDso concentration for the 
di- and mono-glycosides of sol.a.sodine (DMG) i.s 

increased with stlln.u:La.ted l.ymphocytes, in pai:ticulax. 

with PWM stimulation. Stimulated lymphocytes undergo a 

10 number of changes~ which inc1udes and increase in pl.asma 

menihrane permeability, and this may account for the 
va.riable LD:s 0 for soma of the c:ytotoxic drug.s 

investigated.. However, this situation does not appear 
to appl.y to DMG. Firstl.y ~ PBA and PWM st.i.muJ.a.ti.on of· 

15 lymphocytes negates, rather than enhances the effect of 
DMG. Similarly, this app1ies to the effect of 
solama..rgine and the absence of any effect of sola.sonille 
on unstimulated and stimul.ated lymphocytes ('ra.ble 2). 

Secondly, the only difference between the giycosid.es are 
. . -

20 their carhohyd.J:ate moieties (giycone), because they all. . 
contain the same aglycone solasodine.. This suggests 

that the different effects of the g1ycosides on 

unstimu.J.ated iympb.oc.ytes a:ce due to the presence er 
absence of different EELs. 

A mixture of sola.sodine ·glycosides CBEC), of which the 
active compound is solama.rgine and from which the 
aglycone solasadine is derived ~as prepared fa~ use in 
cytotoxici ty assays . as determined by the uptake of 

30 · tritia.ted thymidine. Inhil:>ition studies were carried 

out with lactose, lactosyl.-albumin, gaJ.a.c,tose or 
rhamnose (Sigma Chemical co., USA). All experimenta1 

replicates were related t:o their own control.s.. 'l'otal 
volume of replicates was 250µ.l ( ca.rbob.ydtatas added in 
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50µ1 tissue culture media+ 10% fetal caif serum), and. 

the cell concentrations were Bxl04 /ml •. 

A humao. ovarian cancer cell line (Cl.B.0-1.35) was g:x::own a.s 

mono layers and trypsinized to f o:rm a cell suspension. 

S The cel1s were adjusted to a concentration of lxlO~/ml 

(viability ~95\) and 200µ.i pl.aced in each of the eight 

chambers· of ml~;~scope chamber slides l Lab 'rek, Mil.es 

Scienti.fic:). After 21 hou.:t:s prein.cuba.tion at 37 As•c, 
50µ1 of supplemented tissue culture media were.added to 

10 the control. chanil:lers. '10 tbe other chambers were added· 

· SOu1 of sol.asodine glycosides (BEC) to give final. 

concentrations of 3, 4.8, 6.7, 7.7, 9.6, 11.1 and 15.3 

l..IM/L- Similarly, to a separate chamber slide was added . 
the aglycone solasodine (19.4 - 96.8 µM/L). The slides 

.. .;:;;e incubated at 37.S•c fox: a furtheI: 3 how:s, and the 

cell.s fixed in 95% V/V alcohol and sta.ined by the 

Pa.panicol.a.ou method. Two other chamber slides were 

prepared in a similar manlier, but the solasodine 

glycosides and the aglycone were added at a final 

20 concentration of 0.77 1 1.5, 2.3, 3.1 and 368 JJ,M/L after . . 

1 hours prein.~uba.t..ian.,. and "then incubated. £01: a fw:thel: 

17 hoursA 

As the ovarian cells {CIB0-135) are·more suscept~J.e to 

the cytotoxic effects of solamargine in the BEC mixture 

25 of solasodine g1ycosides, these cells were selected as a 
representative exampl.e of tb.e response of suscepti.lll.e 

cells. Lysosomotrcpic. drugs are wea.k1y basic amines, 

1ike solamargine, which ca_n be trapped and acc:umul.ate as 

. the protanated ( a.cidic) ' -fol':m in the lysosomes. This 

30 results in the rupture of the lysosomal membranes and 

the re1ease of their proteolytic enzymes. 

J:n order to observe any immobil.iaation of spe::r:ma.tc.z.oa,. 

sperm ( 1ox10• /ml) ( 50J,Ll) were placed on a microscope 
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slide separated from 50µ1 of solama.rqine ( l mg/mlJ by 

5µ1 of eosin.. A c:ove:i::: slip was then placed over the 

slide. The drops sp:raa.d out l:lut do not mix with each 

other to any g:reat extent. This is a. standard method 

5 known in the a:r::t. It was noted that sperm was not 

present on the side of the slide \tlhere the drop of 

sola.sodine glyeosides was pJ..aced. 

The results are presented in Tables 5 and 7 Figs. 5, 6 
and 7. The legend for Figs. 6 and 7 is as £o11ows: 

10 a -- ovarian cancer cel.l..s (Fig. 6 and. Fig. 1) 

15 

= 

a:a ~ 

hcd = 

Fig. 6: 

ovarian cancer ceils in the presence of 
lactose 1.llJM/L (Fig. 6). 

ovarian cancer calls in the presence o:f 

lactosyl-albumin 1.lµM/L lactose (Fig. 6). 

HeLa cells, - lymphoblastcid cells and 
f ihroblasts :respectively l Fig. 6 and :E'ig. '7) .. 

Top curve - effect of the aglycone so1asodine. 

Partial inhibition of sol.amargine cytotoxicity by 

lactose and lactosyl-al:bumin is demonstJ:able £o:t: cvcu:i.an 
20 cancer c:el1s {Fig. 6). The lactosyl-al.bumin inhil:>itory 

effect is approximately 4 times that 0£ :Lactose at 

equivalent lactose conc.ent:cation (Fig. 6). 'Xbis is 

beca:\ise glyc:oconjugatas ?ave an increase.d a:C£ini ty for 

their corresponding lectin ~elative to unconjugated 

25 carbohyd'.Cates. Simil.uly, l.a.ctose am galactose cause 

partial inhibition of solama.rgine cytotoxicity for both 

o~arian cancer eel.ls a.:t;Ld l'YJllphoblastoid ceil.s (Tahie 5). 

In contrast,. 'lactose and gal.actose completel.y illhil::>it 

solamargine cytotoxicity-in the case of fibrob1asts,. and 
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inhibition by rhamnose is also demonstrable ( 'Tabl.e 5) • 

Rhamnose is not found in mammalian glycoconjugates, but 

under certain conditions, can be identified by 

gal.actose reactive l.ectins.. TherefoJ:e, the EEL 

5 expressed by cells susceptible to solamargine has 

specificity for Gal.(l-+4)Glu(2--+l)Gal.. :It is therefore 

possible that 1a~t.Pse may compete for this EEL. in t~ .. 
0£ the lactose group (Gal ( 1~4) Glu) and 

ga.lac:tose/rhamnose for the terminal gala.ctose 

10 ( ( 2~1) Gal.). 

Similarly, these carbohydrate moieties of solamargine 

may be identified by their c:orrespcnd.ing EEL 1 s. This 

l.atter situ.a.ti.on appe~s to appl.y to fibrobl.a.sts, as 

solamargine cytotoxicity was completely inhibited by 

.~ ~ac~ose and galactose {Tab1e 5). Bowever, in the case 

o~ HeLa ceils, solamargine cytotoxicity is net inhibLt.ed 

by lactose and galactose. Further, solasooine, a 

glycoside of solasodine, with a glycone moiety 

Glu(l~3)Gal.(2+1)Rh is not cytotoxic. ':Chis gives £urther 

20 support for the presence of an EEL specific for 

Galll~4)Glu(2~1)GA1. Whether or not the partial 

inhibition of sola.ma:x:gine cytotoxic:i.ty by l.actcse and 

galactose, in the case of ovarian cancer eel.ls and 

1ymphoblastoid cells (Table 5), is the result of 

25 corapetitive inhibition or the presence of lactose and 

galactos~ EELs; has not been elucidated. 

The aglycone solasodine does not exert a cytctcxic 

effect at equ.iva.lent concent:cations of sol.ama:c~ins. (Fig. 

6) • However, at higher -concentrations, there is an 

30 increase in cytotoxicit~, but this is mere apparent with 

ovarian cancer ceil.s (Fig. 7l• This may be explained by 

·the changes in membrane permeability of cancer cells. 

It is possibl.e tha.t solas.ocline, which is a very 

hydrophobic mo1ecul.e> undergoes enhanced p~otein-bi.nding 
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and thus reduces its bioavaiial::>il.ity. .Cytotoxic effects 

therefore become apparent at :higher concentrations.. 
Nevertheless, collective1y, the ·results demonstra.te the 

presence of EELs for solamargine. 

5 The aglycone solasodine does not exe:ct a cytotoxic 

effect at equivalent concentrations of DMG. Howe~er, at 

much higher cbn-;;ent:ca tions, the:r:e is a substantial. 
effect on unstilllul.a.ted l.ymphccytes,. which is 

significantly reduced in the case of stimulated 

10 1yrophocytes (Fig. Be). 'I'his suggests that membrane 

permeabi1ity to the aglyccne is decreased in stimu.1.ated 

lymphocytes. However, this would not account for the 

dif fe:rential effect of the glycoside.s on unstimul.ated 

and stim.u.l.ated. lymphocytes ('rable. 2., Figs. Ba.,b,.c,d), 

13 and inhibition by carbohydrates (~ahle 7). Thus, 
collectively the resul.ts support the active uptake of 

solasodine glycosides by E:EL.s. 

Glucose oz rha.ranose inhibit the action of DMG with Con A 

stimulated lymphocytes -< Ta.bl.e 7} • Since these 

20 ca~hcihydrates do not inhillit DMG with unstiiuul.a..ted 

lymphocytes, this suggests that Con A stil'rlulation 

results in the expression of EELs that react with 

glucose and rhamnose. ~b.irdly, con A stilnul.a..tion gives 
rise to a subpopul.ation cf T suppressor ceil.s (TS) that 

. 25 inhibit helper T cells ('m) within the total population. 

The TS cel.l.s p::codu.ce sol.ubl.e factOJ:s that inbibit IJ!1i 

eel1 functions but these ~uppressor £actors can be 

inhibited l:>y N-acetylglucosamine or rhamnosa ·by 

. co1t\plexing the TB cell. re~epto?:s··. '?herefore, one 0£ the 

30 solul>le TS cell factors and/or Con A may be in~olved in 

receptor (EEL) inducticn on 'l'B ce11s. 

The agl.yc:one sol.asodine did not ha.ve any obsarva.bl.e 

effect on the ovarian cancer cells at any of the 
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concentrations investigated (Fig. 2A). I.n contra.st, 
with . increasing concentration of the solasodine 

glycosides (expressed as concentration of solamargine) 

over 3 hours. the cytoplasm of the cancer cel.l.s undergo 
5 dissolution, the nuclei contract and become dark 

staining (Fig. 2B), nuclei then en1arge (Fig. 3A), the 
chromatin clumps (Fig. 3B), and fina.l.l.y the nucl.ei 
disintegrate (Fig~ 4A). Figr 4B represents the effect 
of the solasocline glycosides over 17 hours, in which 

10 cel.l.ul.a.z: deb:ris is l.eft. :tt tbeI:efore appears that the 

inhibition of thymidina uptake by solama:rgine is the 

resul.t of cell. lysis. 

Sola.ma:c.:gi:c.e wa.s a..lso found to inhibi.t human 
spermatozoa.l motility (Fig. 5) as a red line of 

1.5 demarcation between the spe~ in tissue cul.ture media 

and the sol.amaJ:gine. aliquot became visible as spe:cm 
penetrated the bounda:ry and then became immobilized 
within lS sec. 

20 
The immobillz.a.tion of spermatozoa can :resul.t f:ccm the 

inactivation of their mitochondria, and in tbe case of 
cells that contain lysosomes, this coul.d 1ead to rupture 
of the 1ysoma.l. membz:ans.s. 

The preferential cancer cel.l.s ·cytotoxicity 
llysosomotropic/mitoc'b.ondrial inllillition) of sola.margine 

25 appears to be e.ffecti.ve against both p:coliferat.i.ng and 
resting cancer eel.ls, as evidenced by the absence of 

.. cancer cells upon cytolcgica.1 examination (Fig:. 4B). In 

addition, the lack of· lyso~omotropic/mitochondrial. . 
inhibition by the aglycone sol.a.sodine, the trigiyccside 

30 solanine and the di .. and mono-9lycosides of solasodine 

indicates that the cel.1.ul.a:c uptake of soi amargine is· 

possib1y mediated ~Y plasma. membrane endocytic 
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endogenous lectin.s (EELs)~ specific for the ca.:rbohyd.J:ate 

moiety of solamargine. 

FLUORESCENCE AaIVM:ED CELL SOB.%1m. ANALYSIS (E'ACS) 

To verify the inqibition studies of the nfree" sugars ...... -.., 
and sugars coval.e.ntly bound to al.bumin (uptake of 3 H-

thymidine) were due to competition for endogenous l.ectin 
receptors, FACS analysis was used. This involves the 

use of sugar(s) ~ovalently bound to bovine serum 
albumin and the fiuo~escent compound FI~C (S-Alb-FY~C). 
To lxl06 cells, washed twice in phosphate buffered 
saline pH 7.2 conta.ining 10mg/rol of bovine serum 

a1bumin, lmM CaCl2 and O.SmM MgCl2 was added l.Om1 of s­
Alh-FITC 200µg/ml in the same buffer and incubated for l 
hour. This experiment was conducted at two different 
temperatures, 4. 11 C and ambient temperatuz:e tit~). ).t 4 6 C 

the endogenous lectins would undergo endocytosis 

(inte:i::nalization by the cells) at a. slower rate when 

complexed to S-Alb-'FI.TC! rela.tive to that at 'R.T6 Thus a 
greater percentage of fluorescence should be expressed 

at RT1 unless the cells ~ere expressing excessive 

amounts of elldogenous lac.tins. 

The data for the lactose specific lectin receptor is 

presented in ~able 6 for a number of cell types. 

r.Nm::Bl:'rl.Ol\I OF c:nx>'.rOXICI'rr BY JmA!!NOSE D!I 'MICE WI.'l'H 
25 ~COMA 180 

Rhamnose is not found in mammalian glycoconjuqates but 
. fonus part of sol.asoniue, solama.rgi:ci.e and d.igl.ycosid.es 

of solasodine in :SEC. · If specific receptors for this 
sugar are present on ~anc:er cells (absolutely or in 

30 greater abund.a.nce) relative to norma.l c:ell.s, then 

rhamnose would be eXpected to illhibi t the cytotoxic: 

effects of BEC. 
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~elow it is shown that rhamnose inhibits the efficacy of 

BEC, and that the ag1ycone solasodine is not effective 

against murine 5180. It is aiso demonst~ated that 1!lice 

in their terminal stage with S1BO can tolerate and 

5 become symptom-free of cancer by a 1arge single dO$e of 

BEC. The mice tol.erate BEC at concen.tra.ticms whic:b. axe 

equivalent to 3.~.t.imes the LD:.oo of control normal mice • 
• 

Herston White mice with a body weight of approximately 

'30g and aged B-10 weeks served as recipients... 'I'wel.ve 

10 mice were randomly chosen for each experimental group. 

Sarcoma 180 tumour ce1ls [SxlO•) were inocu1ated 

intraperi toneal.ly into mice. This caused a mortali.ty cf 

100% with a median survival time of 20 days in the 

control groups . A standard mixture of glycoa1kaloids 

15 C BEC) was dis.solved in di.methylsul.£ox.id.e a.t a 

concentration of 0. Sg BEC/lOOml diraethy1sulfoxide .. 

Similar solutions were made up but aiso contained 

0.3l2S, 0.625 and 0.9375g 0£ rhamnose. These solutions 

were administered intraperitoneally in concentrations'of 

20 Bmg/kg animal weight for BEC (Fig. 9) without (-•-), and 

with Smg ( .. a-), lOmg (-•-) and lSmg {- ~ -) rhamnose/kg 

animal weight. The first dose was given O. S how:s. a.ft.er 

administration of the Sarcoma 180 tum.our cel1s. The 

re?Oaining three doses we:ce given at dai.l.y inte:rvals. 

25 Dimethylsulfoxide and rhamnose had no effect on Sarcoma 

180 activity in the absence cf BEC l-O-). 

Using similar conditicns to those desc~il>ed in Pig. 9, 

. single high doses of BEC (!'~~ .. lO) 2Smg/kg (-o-), 

.· · SOmg/kg ( -..-- ) , and lOOmg/kg t - ·• - ) were administered 

30 intraperitonea11y l2 days after i.nocu.1.a.tion of the 

Sarcoma 180 twuour cells (arrow), that is, one day 

before the animals enter into the tenai:ca.J. stage. 

Dimethylsuphoxide had no effect en Sarcoma 180 act~vity 

and all aniraa1s died in 20 days (-•~). 
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Fig. 9 i1lustrates that the survival of mice with S180 

treated with 4 doses of Bmg BEC/kg was dependent on 

given doses of rhamnose. Mice inocul.ated \Jith SlBO 

eel.ls alone d.i.ed in 2.-3 weeks.. When four dose.s. of BEC 

5 at Bmg/kg were given· on consecutive days, complete 

inhibition of Sl80 activity wa.s achieved and al.l. the 

animals survLvaa. The n'Umber af survival.s was 

decreased with increasing concentrations of rha.mnose. 

Five mg rhamnose/kg decreased the survival to 75\, 

10 whereas lOmg rhamnose/kg decreased the survival to SO\ 

and 15rog rhamnose/kg decreased the survival to 42% .. 

irhis indicates that rhamnose may competitively inhibit 

the efficacy of BEC. Simil.a.r concentrations cf rha:mnose 

or glucose have no effects on Sl.80 activity in the 

l.5 absence of BEC. These observations suggest that the 

binciing of so1a.sad.ine g1ycosides on tumour· eel.is may be 

mediated through the monosaccharide rha.mnose, which 

forms part of solasonine, solamargine and digl.ycosides 

of sol.asodine in BE.C.. 

20 In a11 reported in vivo studies with Sl80, BEC was 

injected before the terminal. phase. Fig. 10 illustrates 

the effect of single doses of varying concentJ:aticns of 

BEC on the abs~1ute survival of mice which had the SlBO 

tumour for 12 days, that is, one day· befo~e ···the a.nima.l.s 

25 enter into the te:cmina.l. stage.. A1l all j mal.s inccul.ated. 

with SlBO and not treated with BEC died. '.rhe survival 
time is inQre.ased with a. dose of 25mg/kg. However, at 

day 30, all. the mice ha.d died. The survival time and 

-n~er of survivors we~e inc~eased with increasing 

30 'concentrations of BEC, and 17!5 were symptom-free with a 

given dose of SOmg/kg, whereas 42\ were symptom-free 

with a given dose of 100mg/kg. 

There are two important observatians to note from these 

results. 
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The first is that animals which a.re in their tennina.l 

stage can be rendered symptom-free 0£ SlBO by BBC 

therapy. 

The second is that the animals can tolerate very high 

5 doses of BBC. I:t is known that the LD50 

( intraperitoneal-)--·of BEC in mice is JOmg/kg for singl.e 

doses and the LD1 o o is 3 Smg /kg .. Thus, in the present 

studies,. it is shown that if the mice suffered fro.ni 

advanced SlBO activity, virtually three times the LD~00 
10 of BEC for normai mice can he tolerated. This important 

observation has not 'been reported with other 

antineoplastic drugs. 

This 1ack of toxicity may be due to increased plasma or 
tissue enzymatic activity, ·resulting in hydrol.ysis of 

15 the sugars . :from the solascdine. Solasodine is 
relatively non-toxic in mice (lOOmg solasodine)kg­
which is equivalent to approximately 200mg BEC/kg - does 
not produce any deaths in ·mice) • Hcweve:r; , this is 

unlikely, since solasOdine at similar concentrations 
20 (lOOmg/kg) is not effective in inhibiting Sl80 activity 

in mice, and Fig. 10 shews ciea.~iy th.at S180 activity 
wa.s inhibited by the equivalent ccncent~ation of BEC. 

Al.ternativel.y, alld a mo:ce likel.y expl.a.na.ti.on.,. is that 
the SlBO cell.s which are in great abundance in the 

25 ascitic fluid of the mice 12 days after inoculation of 
S180 cells, recognize and bind BEC by means of specific: 

receptors (endogenous lectins), reducing the 

hicava.ilallility of BEC to ·norma~ ce1ls, which in turn 
- . -

reduces the toxicity of BEC- Furthenaore, this 

30 explanation is supp9rted by the fact that BEC inhibits 
·s1so activity even though the animals are su£fering from . 
advanced Sl.80 activity. At this advanced stage, :BEC, at 

concentrations less than 25mg/kg is not effective in 

inhibiting S180 activity_. 'l'hese resu1ts provide 
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evidence that BEC selectively destroy~ tumour cells 
relative to norma.l cell.s and the inode of entry of BEC 
into tumour eel.is appears to be mediated '.by the suga:r 

moiety of the solasodine glycosides • 

...... _, .. 
• 

liii1nr 
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Table.l 

URE~\ & NAP I ER: #:H 
I • -'""'' '"1'U 

PCT/ A'lJ91/00020 

Percentage Cell Survival in the Presence of 
Solasodine G1ycosides 

Percentage surviva.!: cell Type 

ovca He La LCL FB 
....... ...,. 

BEC 0.6 + 0 .l . 27 + 7 54 + 4 48 ± 6 

12.42µ.M/L 

Solamargine 7 + 0.8 2.6 + 0.5 35 + 4 .. 2 23 ± 1.7 
11.SµM/L 

Solasonine 93 + 8.0 10s ± 9.s 117 + 8.0 96 + 8.3 -
11.JJJM/L 

di- & mono- 71 + 9.0 94 ± 8.3 97 + ll..O 76 + s. '7 
glycosides -
14.45µM/L 

ovca = ovarian cancer eel~; 
HeLa = HeLa eel.ls; 
LCL = lymphoblastoid cells; 

FB = fib~oblasts. 
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Table 2 

. DREW & NAPIER :1'32 
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PCT/ AU91 /00020 

Percentage Survival of Unstimu1ated and Stimu1ated 
Lymphoc~es in the Presence of Solasodine Glycosid.es 

.... ~· Percentage Survival .. 

S.G. us PiiA 

:SEC 

12.42µM/L 63±7 95+4 

Salam 
11.SµM/L 76±9.6 93.±4. 4 

Sola.s 

ll .3µM}L 97.±11.8 103,±5.7 

DMG 

14.45).LM/L 40+4.6 93j:4 .. 2 

n : 10 

SG ; solasodine glycosides 
BEC = Solam, Solas aad DMG 
Solam = Solama.rgine 
Solas = solasonine 
DMG = di- and ~ono-glycosides 

US = unstimu1.a.ted lymphocytes 

Con A 

90.±8 

79+4 

97±7 

57,:!:S 

PHA, Con A and PWM = stimulated lyiqpbocytes 

P'WM 

100+7.5 

93,:t9.4 

110±3.8 

103,:t9.7 
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Table 3. 

Dose of Cytotoxic (µM/L) to Inhibit 50% Tritiated Thymidine Uptake LDsol 

and Expressed as Thymidine Ratio (TR50 ) Relative to Ovarian Cancer Cells 

Cy tot ovca He La TR LCL TR,; a FB 

Sol am 1.55 2.5 l.6 3.95 2.5 3.65 

µM/L µM/L _UM/L ___ _ __ JJ.M/L 

v:.s. ' · 9.S 2.7 0.28 2.6 0.27 1.9 

µM/L ___ _1Ull/ Ia ___ IJ.)1/L_ lJ.l"I/ L 

C.P. 63 49.S o. 78 so 0. 79 95.5* 
. 

JJM/L }IM/L µM/ L µM/L 

CB 60 41.5 0.79 21 o.4s NSE 

µM/L µM/L µM/L µM{L 

Cytot. = cytotoxic; Salam = solamargine; 
V.B. = vinblastine; C.P. = cis-platinum; 
CB = chlorambucil; ovca = ovarian cancer cells; 
Beta = HeLa cells; I.CL = lymphoblastoid cells 
FB = fibroblasts 
'Ir = extrapolation; 
NSE = no significant effect 

• 
TR.so 

\ 
~ 

2.3 

0.2 

1.5 

~-

~ 
IO ... ..... ..... 
Cl 

~ 

g 
(/) 

(/) 
~::r: 
~ tr1 
l' tr1 > >-i () ::r: 
lTl > 
0 C/l 

!;;:) 
rn 
m z 

~ -..,;; 

E 
'Cl .... .... 
~ 
c:> 

:io 
() 

·..-: 
tJ:l _--: 

ro 
t:io 
rg;j 
r~ 

~~ 
"'O 

~~ 
(. 
!. 

~ s 
~i.:. 
J~ 
t I 

;!~ 

tcb 
!<~ 

("' 
( 

,. .... 
c .... .... 
c 

-0 

t .. 
r 
r .. 
~ 
I. 

... c: .... 
..J 

c.:i 
1-:i 
1..:. -c 
CJI co 
._.] 
J. 

0 
7.i -~ ...., 
~ 

-z 
·> C.-. 
l ... ,-
.im 
c~ 

:ti: 
c.:. c.:. 



RCV BY: DREW & ;\AP I ER : 22- 2-96 : 11: 00 : 61 I ~~221 U5U7-> DREW & ;\;APIER:#:.J4 
.. I ........ '-'- JU J.,£-• .J..J'I 11 ~'n111 ,.,1.1n1 ._, lliX "v ''-'.L ' -.'t...~.l.U..JJI ,, 

I I_. ..... , ..... ~ 

W09l/10743 

E'f HAS BEEN THIS SHE 
REPLACED 

PCT/ A U9t/000l0 

31 

Tclble 4 

LD~o Concentration of Cytotoxic Drugs for 
Unstimulated and StimuJ.ated Lymphocytes 

c:s 
•. - .... µM/L 

us 33.0 

l?HA 24.6 

Con A 33.0 

PWM 22.0 

CP 

uM/L 

21.0 

17.0 

11.0 

9.0 

us = unstimulated lymphocytes 

VB 

µM/L 

11.0 

19.2• 

7.B·· 
10 I 8 a• 

PHA, con A and PWM : stimulated l:ympbocytes 
CB = chlorambucil 
CP = cis-platinum 
VB = vinblastine 
DMG = di and mono-glyeosides of solasodine 

DMG 

µM/L 

6.4 
14.B'"' 

ll.2"'"'" 
l.96. o--.. 

.... ext:rapolaticn r - -0.86 p <0.05 >~.02 (from Fig.la) 

extrapolation r = -0.91 p = 0.01 [f:r:om Fig. la.) 

-·- extrapolation r = -0.89 p = <0.02 >0.01 {from Fig. 
extrapolation r ::: -0.811 p = 0.05 Cfrom Fig. l.c) 

extrapolation r = -0.94 p = <0.0l >0.00l (from Fig. 

la) 

lo) 
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Table S. 

Effect of Solamarqine: Percentage Cell survival in the Presence 
and Absence of Lactose, Galactose or Rhamnose 

Percentage Survi-val 

Solamargine No 1.lJJ,M/L l.lµM/L 
Cells Concn. Carbohydrate Lactose Galactose 

ovca 1 .. 54).IM/L 62±719) 15±""11(7) 79.±''""'10 { 10) 
HeLa ,2.4µM/L 25±2.6(8) 24+2.9(10) 24+2.2(10) ' - -. 

24±4(8) 
LCL 3. lµM/L 34+3(10} 47··~+4.BllO) 42~"~+3{10) -· 
Fb ·J.lµK/L 58±9.6(7) 100""-"'±ll ( 7) 

n = 10 
ovca = ovarian cancer cell line 
HeLa ~ HeLa cells 
LCL = Lymphoblastoid cells 
Fb = Fibroblasts 
significant inhibition of solamargine 
* = p <0.02 >0.01 
~- ~ p = 0.001 ....... = p <0.001 

io1··-±1oc10) 

l. lµM/f;, 
~ 

Rhamnose 

67j:1.S(9) 

26±2.1(1) 
36+4.5(10) 

s1-·""±6.7llO) 
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Table 6 

FACS analysis of percentage of cells with 
lactose lecti.n receptors 

CELT.. Tn>E 4°C 
.--r· • 

Viral infected eel.ls 49% 55% 

ovarian cancer eel.ls 67% 83% 

Fibrobl.asts 29% 33% .. , 
Lymphocytes 27% 43\ 

Lymphocytes stimulated 52% 72\ 

i1iii[iiir 
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Table 1 
Percentage survival of Unstimulated and Con A Stimulated 

Lymphocytes in the Presence of Solasodine Glycosides 
and carbohydrates 

DMG 
Cone. 

.·• 
us 4.8111M/L 72+12 
CoQ ~ 4.81).1.M/L 85+11 

.... p <0.01 >0.001 

l.lµM/L 
Lactose' 

69±12 
75+5.5 

n = 7 

-- p <0.02 
DMG ~ di- and mono-glycosides 

Percentage survival 

l.lµM/L 

Galactose 

>0.01 

77±8.6 
84+11.8 

1.lp.M/L 
Glucose 

16+15 
109-t·l5'"" 

US = unstimulated, Con ~ = stimulated 

• 
i 
~ 

l.lµM/L 
Rhamnose 

85±12 
102+11 ...... 
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l:t has been demons~rated that alkal.oids wil.l. induce 

cellular autophagy (self-digestion} and/or cell 

agg1utination or immobil.ization. These effects of such 

alkaJ.oid.s are greatly enhance~ when conjugated to 

5 certain ligands 1 particularly carbohydrates ( glycocon­

jugates). The invention is pa:rtlcularly effective if 

the ceJ.l. to •··be targeted possesses recepto:cs that 

recognise a rhamnose - or a rhamnose-like - residue. By 

conjugating different ligands to these. alk.aJ.oids, it is 

10 possible to induce autophagy and/or cel1 agglutination 

or immobiJ.ization of specific cel.l. types. 

The most cytotoxic compound is sol.am.argine, the dose 

required to inh.ibi.t DNA. synthesis by 50\ (LDaol of an 

ovarian cancer cell iine and EeLa cells being l.5 - 3.3 

15 ti."tles less than that raquir$d for lymphobl.a.stoi~ cells 

and fibroblasts.. '!'be ~ffective LDso of scJ.a.ma.r:gine is 

6-40 times less than that of vinl:>lastine, chlorambucil 

or cis-platinum, compounds tha.t are equally or more 

cytotoxic to nooual cells zela.tive to cancer ce.l.l.s. 

20 Although it is kncwn that neoglyccprotein conjugates of 

cytotoxic drugs may be suitabie for targeting of cells 

via EELs, this known art bas an1y used mono- or di­

saccharide- . conjugates for this targeting of EELs which 

are also expressed by various normal cells. 

25 Further, sucb. ·prior art drugs a.re limited to the 

treatment of one type of malady and it is not possible 

·to :predict the effectiveness _of such drugs in the .. 
treatment 0£ a diff&l:ent type. 

In contrast, the pre~ent invention demonstrates, inter 

3 O a.lia, a more complex ~ on a ovarian cancer cell line 

and Reta cells for the trisaccha.ride 
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Gal(l 4)Glu·c 2 l)Gal, as well as EELS fbr lactose and 
galactose. 

The presence of an EEL for a trisa.c:charide suc:h as 
rhamnose is surprising as rhamnose is a plant sugar and 

5 is not general.ly known to occur in mammalian cel.l.s. 

It is believed .that the present inventors are the first 
to demonstrate that an EEL for a trisaccharide occurs on 
cancer cel.l.s rel.a.tive to no:cmal. cells such tb.at the 
difference in EEL expression can be exploited for 

10 increased specific targeting of c:ytotoxic: 
gl.ycoconjugates. 

In this regard~ given the lack of toxicity of solasodine 
gl.ycosides relative to other cytotoxic drugs,, the unique 
mode of action, the ability to be targeted via EBL.s and 

15 the potential to produce synthetic glyccconjugate.s of 

sola.sodine with enhanced specificity, the present 

invention shou1d be of pa.rti.c:ul.al: im,porta.nce in canc.ei: 
chemotherapy. 

The present invention is expected to be of great value 
2.0 in the contro1 of cellulaz: funct.icn in al.l types of 

vertebrates or invertebrates, including bacteria, 
viruses, protozoa and fungi. for exampl.e, in the 

control of pa thogec.ic: organisms in blood, l.ymph a.:c.d 
tissue; ·any new growth af tissue or tissue that is in an 

25 ectopic site; embryonic ce1ls; non-malignant and 

malignant cells; sperma.toz.aa. and semen.; ova; and for 

ti?-~ control of biochemical ~ufa9turing processes. 

Further, it foll.ows that the present invention can be 
·used to prevent cel.l autcpbagy aI!d/or cell agg1utina.t.ion 

30 or immobilization but change cellul.a..r metabolism - for 
axa.mple, the production of a tumour necrosis factor by 

1iii~Ui 
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cells, such as macrophages, and/or inhibition of 
cellular metabolism Cllld catabolism. 

"It wilJ. he appreciated that the above expe.rim.enta.J. 
results are g.lven by way of exemplification of the 

5 invention onl.y and that changes may be made to the 
details set Qut· the:z:ein · -without de.parting £rem the 
inventive concept as defined iD the following claims • 

...... 


