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TITLE: | GLYCOALKALOIDS 7S SHEET HAS BEEN
REPLACED

TECHNICAL FIELD

THIS INVENTION is directed to cellular autophagy. 1In
particular, it is directed to the control of cellular
autophagy, :cellular agglutination and <the
immobilization of motile cells.

o
-»

BACKGROUND ART

Controlled autophagy and/or agglutination or
immobilization of cells should be very useful for a wide
variety of therapeutic and other medical and non-medical
uses.

Before describing the present invention in detaill, it is
first important to appreciate the differencas between

autophagy, cell lysis and apoptosis.

Autophagy (or self digestion) is the result of

‘disrupting the cellular organelle -~ the lysosome-

directly or indirectly, for example, by inhibition of
mitochondrial activity. The cell thus digests itself
from the inside, including digesting the plasma
membrane of the cell, to leave behind the nucleus that
is alsoc partly digested and fragments. .

Cell lysis, however, is cell death dus to leakage of
material frpm the cell and can be induced by changing
the ‘osmotic strength of the media surrounding the cell.
Cell' lysis can be induced by causing damage to the

' plasma membrane of the cell, for example with enzymes or

antibiotics, %o induce osmotic shock. Also in
haemolysis, which is the specific lysis of red blood
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for a wide variety of therapeuti “ITEdI cal and

uses.
cells, haemoglobin is extruded Ly the cell to leave

behind a damaged red blood cell membrane.

Finally, apoptosis is the €£ragmentation of the nucleus
and the encapsulation of these fragments and cell
organelles in plasma membrane fragments - this does not
involve cell lysis or autophagy.

o P
-

Traditional treatment for an infected host is the
des?.ructicn of the invading virus or the like, leaving
the cells of the hest intact. Similarly, if abnormal
cell growth of the host is responsible for the malady,
then treatment, obviously, must only target the
abnormal cells, leaving the normal cells intact.

Treatment of the latter type of malady, eg cancer and
related diseases, has been the subject of much research
and a large range of chemical compounds have been
investigated with mixed rasults.

Preference £or treatment with 'naturally occurring
compounds “is increasing and of the many alkaloids
currently used or tested in medicine, many have heen
extracted Zfrom plants. In particular, the use of
extracts of the plant species Solanum as an effective
treatment of certain cancers has been known since at
least 1825. Research inta these extracts from 1965
onwards has established that the antineoplastic
ccmpound(s) was most 1likely a glycoalkaloid(s).
_ Examples include B-solamarine, a glycoalkaloid extracted
from Selanum dulcamara as a tumour inhibitor, and other
glycoalkalaids extracted from.Solanum sodomaeum L. which
possess antineoplastic activity both in mice and humans.
Another example is Solaplumbin =~ which is rhamnosyl
[4+3] Solasodine =~ obtained from Nicotiana
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Beforew@gf pRi3ng the present invention in detail, it %@_ﬁgf Q@t to

appreci ate the di ff erences between aut ophagy nc.eJ‘I—-— 5 napopt 03| S.
Autophagy (or self digestion) is the s”UIﬂﬁ SHg ol uptl g the
cellular organelle - the |ysosonme- direcy| y in exanpl e, by

I nhibition of mtochondrial activity. The ce t hus dlgests |tself from

t he inside,pliufisdgihifoldagesdtiiory hddehephasmowe ity anereofanbEcasteér to
| eave behin i eggggguint Q,gttsi_s al so partly digested and fragnents.

Howevey, specificity reinains a problem and it is not
always possible to target solely the invading virus or
5 fthe like or to only affect abnormal cells of the host.

DISCLOSURE OF THE INVENTION

The present inventors' studies of normal and -abnormal
cells have discovered specific receptors on abnormal
cells which are either not present on normal cells or
10 are only present in significantly reduced numbers such
that certain compounds are preferentially recognised by
the abnormal c¢ells, and which Dbind +therete and
subsequently destroy. Once these receptors have been
identified it has also been discovered that certain
15 alkaloids and other pharmaceutically acceptable
compounds can be used to control cellular autophagy,
cellular agglutination and immobilization of motile
cells.
Wwith such control, it would be far easier to target a
20 particular cell for destruction or some othexr
modification and would bhe useful in, for example, the
treatment of cancer, contraception, termination of
pregnancy, removal of pathogenic organisms and removal
of any abnormal - cellular growth (malignant or
25 otherwise). It would also be useful as a diagnostic and
analytical tool whereby cell structure could be studied
and testing could be undertaken for the presence (and
.subsequent analysis) of pathogenic and non-pathogenic
organisms. This control of cellular function would
30 also be useful in the manufacture of biochemicals
whereby certain cells must be _destroy‘ed oxr otherwise
contained.
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Cell lysis, however, is cell death due to | eakage of material from t

cel | aVMIOOMI0B4€3 i nduced by changing the osnotic st reng;ﬁ'@'"@ﬁmm
surrounding the cell. Cell lysis can be induced by cpusi ngegpREER®E to
pl asma nenbrane of the cell, for exanple with enzyne ' I'CsS,

I nduce osnotic shock. Also in haendtysis, which is the specific lysis
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The present inventors bhave discovered +that, by
identifying a particular receptor site of the target
cell and coupling a suitable compound thereta, the
required control of cellular function can be achieved.

Thus, according to one aspect of the present invention,

‘there is provided a method for identifying a compound

suitable to cartrol cell autophagy, cell agglutination
or immobilization of motile cells, said method
comprising:

(a) analyzing the surface of each of a target cell
and of a non-target cell;

(b} identifving receptor sites on said surface of
said target c¢ell which are either not present
or only present in significantly reduced
numbers on Said surface of said non-target
cell; and

(¢) selecting a compound which will selectively
bind to said rxeceptor sites of said target
cell and which will exert said control.

As a second éspect of the present invention, there is
provided a method to control cell autophagy, cell
agglutination or immobilization of motile cells, said
method comprising:

(a} Jidentifying a compound suitahle £for the
required control by the method as hereinbefore
defined; and

(r} binding said compound to sald receptor sites
of said target cell. '

e

to
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cel | sy, b%qum(ﬂnr1ls extruded by the cell to | eave behind a danaged red
bI bod cel? menbr ane. Final ly, apoptosis is the frag W’@N‘Jﬁllﬁmm
nucleus and the encapsul ati on of these frag S oap@asaEENof ganel [ es in
pl asma nenbrane fragnents - this does n%t [ :

A third aspect of the present invention is the provision
of a compound which is suitable for the conti:bl of cell
antophagy, c¢ell aggl-tination or immebilization of
motile cells by the mi_1od as hereinbefore defined.

5 Preferably, the control of  cellular function by the
present invention is by using compounds of the general
formala (1): -

wherein:

eilther one of the dotted lines reprasents a double
10 bond, and the othe: a sa.ngle bond, or Dboth
represent single bonds; ;

YAY - represents a radical selected from the
following radicals of general formulae (II) to (V):
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Tradltlonal treatment for an infected host 1is the destruction of the
L nvadi nWO/#%/a8743r the |ike, leaving the cells of —70%t | IPCIYAU91/00020
Simlarly, if abnormal cell growth of F [
mal ady, then treatnment, obviously, R%p,IJM:EQ ar g

cells, leaving the normal cells intact , at/ent of the latter type of
mal ady eg cancer and rel ated di seases, has been the subject of nuch
research and a | arg@chamfe Bt @Jsenacxladamﬁiommvalmesalem ifgained

with mxed resultsthe group comprising hydrogen, amino, oxo and OR*;

each of R* is a radical separately selected f£rom
5 the group comprising hydrogen, amino and OR“%:

each of R® is a radical separately selected from
the group~ comprising hydreogen,- alkyl and R*O-
alkylene;

. each of R* is a radical separately selected from
10 the group comprising hydrogen, carbchydrate and a
carbohydrate derivative;

“X" is a radical selected from the group
comprising -CHa-, —-0O- and -NH-.

For non-carbohydrate compounds of general formula (1),
the preferred compounds are solasodine, solanidine,
diosgenin, solangustidine, ieptinidin.e,
solacongestidine, solafloridine, demissidine,
soladulcidine, tomatidenol, paniculidine, jurjubidine,
tigogenin, vamogenin and neotigogenin.

-
Ul

20 The more preferred compounds are solasodine and
solanidine.

When the compounds of general formula (1) represent a
carbohydrate {such as a mono, oligo or polysaccharide)

or a derivative thereof, the preferred radicals R* are

25 glyceric aldehyde; glycerose; erythrose; threocse:;
* ribose; arabinose; xylose; lyxose; altrose; allose:
gulose; mannase; glucose; id.ose ; galactose;
talose; rhamnose: dihydroxyacetone; erythrulose;
ribulcse; xylulose; psicose; fructose; sorbose;

30 tagatose; and other hexoses (CeH1206);  heptoses
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and . of the many alkaloids currently us€U:pE Lest adsigkeNefi ci ne, many
have been extracted from plants. I n pait | cufﬁpLAcgbe use| of extracts of
the plant species Sol anum as an effectivet+eattrrent—of—Tertai n cancers has

been known since at |east 1825. Research into these extracts from 1965
onwards has (@sdaklrihed thatoseBe EgHNLOP) astnanosapour((t(,qa,_,a@:s, most

likely a glygoatks! od(g(sg“gxapp %%d e nh| |tor g_,%_a,hg glgﬁgﬂéal oi d

extracted from Sol anum du] canara as het

gl ycoal kal oi dke@x2Phesed hwmsapammm |SORPHCEP RS dBECarose
antineopl ast i gn@ctludiposel)) | rcopsunds GHERBIn the aldehyde, ketone

S or hydroxyl groups have been substituted (eg N-acetyl,
acetyl, methyl, replacement of CH.OH); sugar alcohols;
sugar acids; benzimidazoles; the enol salts of the
carbohydrates; saccharinic acids; sugar phasphates.

RN 4
-

The more praferred compounds are solasonine,
10 solamargine and solanine.

" Other preferred compounds of the general formula (1) are
solanocapsine and 26-aminofurostane.

It will be appreciated that the various compounds
referred to throughout this specificatian may be chiral
15 and the present invention relates both to the
individual sterecisomers and to any mixtures therecf
including mixtures of enantiomers and/or
diastereciscmers.
Although not wishing to be bound by theory, the
20 proposed mechanism of auteophagy inductian by the
- preferred compounds of the present invention wherein
all of the radicals R* represent hydrogen is by
diffusion through the plasma membrane of the cell to
interact either directly with the lysosome causing its
25 disruption or/and indirectly by inhibitian of
mitochondrial activity. Wwhen R* is other than hydrogen,
the mechanism of entry into the cell is by receptor
mediated endocytosis. _In the case of R* representing
carbohydrate (ligand), the receptors are endogenous
30 lectins.
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This receptor mediated endacytosis is important because,
as different cells express different receptors for
various compounds, it is thus possible to couple any
ligand (which interacts with a specific cell-surface
5 receptor) to specifically induce autcphagy and/or cell
agglutination or immobilization of different cell types.

Suitable ligands other than carbcohydrates include the
steroid and non-steroid hormones (eg, progesterone,
insulin, oestrogen, growth hormone), growth factors,

10 polyamines, cytoXines, lymphokines, lymphotoxins,
chalones, fatty acids and cholesterol -~ ie, essentially
any chemical messenger req\iired for endocytosis.

Once such a ligand has been identified and coupled to
.2 appropriate steroid derivative or cther compound,

15 administration +to +the cell-containing host should
induce cell autophagy and/or cell agglutination or
immobilization.

It should be noted that_Jit is not essential that the
aforesaid ligand be directly coupled to the said steraid
20 or other compound. For example, the said steroid or
other compound could be attached to one end of a
suitable organic or inorganic carrier, such as a
polymer, with the ligand coupled to the other end of the
carrier. This indirect coupling of the ligand to the
25 steroid or the like could provide a convenient delivery
system for .the present invention when it is
inappropriate, for whatever reason, to directly couple
" "the ligand to the active -campoq'ent.

This ability to control cellular function at will is
30 not evident £rom the current prior art. Different
diseases require different treatment -~ a treatment
effective against skin cancer is unlikely to be as
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properties in rats. However, specificity remains a problemand it is not
al waysWid8HI1BT43 t o target solely the invading virus or the PCRAUM/G0020N] y
affect abnornmal cells of the host. DI SCLOSURE OF THE | NVENTI ON The
present inventors' studies of normal and abngrig s H-s--have di scovered
specific receptors on abnormal cells whi®h afe el t‘Fﬁgs BgERSENt on nor nal
cel'ls or are only present in significantly reduces ntfped s sugh t hat

certain conpffective gostiaydn: | E0ry exampkd sedoverihe cal 45 thel s,
and which Rangdgnbher eb21saRdve different receptors. For example,
although it is known <that certain glycesides are
effective against certain cancers, these same glycosides
5 have not heen assessed for their potential use against
other cancers nor has their mode of action been studied.
It is believed that the present inventors are the first
to have studied~ this mode of action, identified those
receptor sites on "abnormal" cells which differ from
10 those on “"normal'" cells and by a sultable selection of
an appropriate compound, achieved a required control on
cellular function.

Por their use in practice, the compounds of the present
invention are not generally employed by themselves.

15 Preferably,’ thay are used in a composition containing
one or more of the campounds, in assoclation with any
pharmaceutical-~type carrier or d@iluent which is
suitable for its administration.

As used throughout the specificarion, the term “carrier
20 of diluent" denotes an organic or inorganic, natural or
synthetic material with which the active ingrediant is
combined in order to facilitate the administration of
the invention. This carrier or diluent is, therefore,
generally inert amd it must Dbe pharmaceutically
253 acceptable. |

With the cellular control available £from the present

invention, it should be possible to target a particular

cell for destruction or modification necessary im, for

example, the treatment of cancer, contraception,
30 termination of pregnancy, removal of pathogenic
' orgam'.sms and removal of abnormal cellular growth.
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RCVY BY DRI'W & '\APlLR 22— 2-96 @ 10:51 ¢ Gl 7 d2zlbod = URLEW & B

Alm® ™t 11 DIND 'II nuﬁl Wt X W NP ) dmlm LIS S S

N LRGN o 37 400
7 e

subse entlﬁ destroy. Once these receptors hav - as
al so Udvered that certain alkaloids and TP é' foiix: cally
‘accept abl e conpounds can be used to control cell v cel lul ar

aggl utination and i nobilization of m)E‘}1 e cells. Wth such control,
ar

woul d be far easier to target a partic

some ot her iR |f|a atd xﬂ:pcﬂl

of cancer,

organi sis ahs muAKEdedf a JpgthednSfheindueirg &€ 19%? haght | GRAA
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cell for destruction or'
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con r’acep lon, term H %On of pre nanc renoval of pat P%ogenl C

ot herwi se) . abh1Wedhddlor® b2 UsehokiBbzatdbagnaaihin agf animal body

10
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{including humans}, said method comprising administering
te said animal a campound or a compesition, both as

- hereinbefore defined.

The present ipyention should also be useful as a
diagnostic and . analytical tool whereby a compaund found
to selectively bind to a target cell could be initially
further modified to enable its detection by suitably
available technigques, thus acting as a “markex"
identifying the target cell.

or

Thus, according to a £ifth aspect of the present.

invention, there is provided a method of marking and
jdentifying a target cell said method comprising:

(a) identifying a compound suitable to control
cell autcpbagy, cell =agglutination or
immobilization of motile cells by the method
as hereinbefore ‘defined;

.{b) " further modifying =aid compound +to enable
detection of the thus modified compound;

(e) inducing cell autophagy, cell agglutination or
cell immobilization by the method. as
hereinbefore defined; and

. (d) detecting said modi:fied compound by any
appropriate means.

Preferably, said compound is modified Dy further
conjugatioh with another compound, this other compound
being detectable by its fluorescence Or radicactivity.
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anal ytwna!!l/tlmB wher eby cell structure coul d be studi ed an®QZALMPOOZAI d
be undertaken for the presence (and subsequent nal ysig) of pathogenic and
non- pat hogeni ¢ organisns. This control of cell uITHES SHERTtASIBEENI|d al so  be
useful in the manufacture of biochem gals whefeby &EPLACED cel | § nust be
destroyed or ot herw se contai ned. '

For example, a compound of the general formula (1) as

hereinbefore defined could be reacted - with the
fluorescent reagent dansyl chloride, or said compound
could he modifled to incorporate the usual radiolabel(s)
S5 known in the art. The thus modified campound could be
purified before its use in the induction of cell
autophagy, agglutination or immobilization and the
progress of the binding followed under a fluorescence
microscope or"i';dioactivity counter as applicable. If
.10 the binding is undertaken at a low temperature, the
internalization o©of the marked compound will be slaw
allowing the binding to be followed.

DETAILED DESCRIPTION OF EMBODIMENTS

Specific details of the compounds and methods of the

15 px}esent invention will now be lllustrated. The
technical ‘terms Jidentified have the usual meaning in
the art.

GENERAL

Solasodine glycosides can be isolated and purified as a

20 mixture (known as BEC) comprising solama.fgi.ne [33%),
solasonine {33%) together with di- and mono-glycosides
[34%) or as separate components (Cura Nominees Pty Ltd,
Australia). and these compounds have been investigated
for the inhibition of cell replication of human cells,

25 ovarian cancer cells, melanoma cells, cells infected
with wviruses, normal £ibroblasts, normal bops warrow

, cells, leukemic cells and normal lymphocytes. The

- inhibition of the glycosides ‘of solasodine have bheen
demonstrated with the appropriate "“free" mugarz and

30 covalently bound to bovine serum albumin. The sugars
that have been investigated and shown to have irhibitory
effacts on the action of the mixture o¢f gsolascdine
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4 "The present inventors have discovered that, by identifying a

parti 17i¢asptor site of the target cell and coupling pcgpdlssbeozo
compoun thereto, the required control of cellul uRett >anl be
achi eved. Thus, according to one aspect of thelpnns&HEE]
provided a nethod for identifying a conpgund suit abl eRER el |

aut ophagy, cell agglutination or immobilizatio of notile cells, said .

net hod conprgByddsides are as follows: glucose o and B, Nac
glucosamine NAc glucose, mannose &« and B, NAc
mannosamine NAc mannose, galactose a and B and the
disaccharide lactose.

there is

5 Chlorambucil (Sligma Chemical Co., USA), 1-2mg was
dissolved in 50ul of DMSO and diluted immediately before
use in TCM + -IU% FCS. Cis-platinum was supplied as a
saline solutlien (David Bull Laboratories, Australia)l,
and was diluted with TCM + 10% FCS. Vinblastine (Sigma

10 Chemical Co., USA) was dissolved in TCM + 10% FCS.
Solasodine glycosides, 100mg were dissolved in 5m)l DMSO’
and diluted with TCM + 10% FCS to give a 5% solution of
DMSO, and further diluted before use., Appropriate DMSO
cytotoxicity studies were also conducted., '

15 Peripheral blood hunan lymphocytes were isolated using
an Isopague-Ficoll gradient and cultured in replicates
of 10 in microwell titre plates. 2x10% lymphocytes/well
{1x10%/ml) in CO. 1640 tissue culture media supplemented
with 10% fetal c¢alf serum containing 20ug/ml of

20 photohaemagglutinin (PHA) ,‘ concanavalin A (Con A} or
pokewesed nitrogeﬁ‘ {PWM). “This was cultured for 48 hours
and pulsed with tritiated thymidine for a f£urther 24
hours. In +the inhibition studies, the cell
concentration was 8x10%/ml. -

25 IN VITRO FPREFERENTIAL CYTOTOXICITY FOR EUMAN CANCER.
CELLS

‘The inhibition of cell replication by steroid alkaloids
is detexrmined by the inhibition- of the incarporation of
*H thymidine into DNA. Using this technique, it should

30 be possible to monitor any preferential inhibition of
‘uptake of *H thymidine by cancer cells.
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(a) anal yzi ng the surface of each of a target cell and of a

non- tw‘ggingﬂj (b) I dentifying receptor sites on FEEI/AUYI08206 of
sai d tar get cel | Moy e..ei ther not present or only present in
significantly redyiced” > fpoers on said surface of said non-target

cell; and ( L Aggpa conmpeupgl which will selectively
bi nd to said receptor sites Of—sad target cell and which w |

exert said ggMéwolit is shown that solamargine, a glycoside of

solasodine, preferentially inhibits the uptake of

tritiated thymidine Dby cancer cells. In contrast,

solamargine at equivalent concentration, and the mono-

5 and di-glycosides of solasodine had a limited effect on

the uptake of tritliated thymidine for other cell types,

including wunstimulated lymphocytes and lymphocytes

stimulated with Con A. Also, the solasodine glycosides

do not inhibit the uptake of tritiated thymidine by

10 lmhocytes stimulated with PHA or PWM. The inhibition

of tritiated thymidine uptake by solamaxrgine and the

mono- and di-glycosides of solasodine are dependent upon

their cellular uptake Dby endogenous endocytic lectins

{EELs). The mode of action of the solasodine

15 glycosides, in particular solamargine, appears to be the

ioduction of cell lysis, as determined by morphological
exanmination. '

Cells were maintained as monolayerz in REM1-1640 tiszue
culture media (Grant Island Biological Co) buffered
20 with N-2-hydroxy-ethylpiperazine-N-2-ethanesulphonic
acid pH 7.5 and supplemented with 10% heat inactivated
fetal calf serum (FCS): {i) a human ovarian cancer cell
line (C180-135), ({(ii) Hela cells, (iii) human
fibroblasts, and (iv) as a cell suspension of
25 lymphoblastoid eells (EBV transformed lymphocytes).
Monolavers were trypsinized to form a cell suspension.
All cell suspenzione were passed through a 21 gauge
syringe needle to remove cell clumps (95% viability).
Cell concentration was adjusted to 2x10%cells/ml, and
30 2x10% cells were added in replicates of 10 to the wells
T {1x20%/ml well) of HA microtitre plates (Millipore
Corp., USA). The cells were preincubated at 37.5°C for
7 hours prior to the addition of S0ul of the cytotoxic
drug followed by the addition of 50ul 5uCi/ml of *H
35 thymidine, in the same tissue culture media 21 hours

is Sheet Has Been Replaced
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As a 'second” aspect of the present invention, there is provided a nethod
aut ophagy, cell agglutination or inmobilpgriAwsl/e0200til e
'ceI | S 8592?1@7%& hod conprl.sing. (a) identifying a conpound
sw_tabl e for the | THiS SHEET B4SIBEEY }gont rol by the nethod as hereinbefore °
defined; and : [b) mardAGED sai d fg’pound to said receptor sites
of said target cell.
later. Incubation was continued for a total of 24

hours, which includes the pre-incubation time.

2ll cells were harvested by vacuum filtration by washing
in 25011 of each of phosphate buffered saline, 5%
5 trichlorcacetic acid, 1.0M NaCl and 95% ethanol and
subjected to B-seintillation counting. Similarly,
peripheral humtiti blood lymphocytes were isolated and
cultured 2x10° lymphoeytes in CO. 1640TCM 10% EIFCS.
Lymphocytes were stimulated with 20pg/ml PHA, Con A or
10 PWM, and cultured for 4B hrs followed by a 24 hr pulse.
Inhibition of cytotoxicity was carried out with lactose,
lactosyl-albumin, glucose, galactose or rhamnose (Sigma
Chemical Co., USA). Cell concentrations were 8x10*/well
total wvolume 250pnl. The dpm of the experimental
L3 repilzates were expressed as a percentage of the mean
value of the controls, and the mean value of the
experimental replicates calculated. The SD of the
controls 4id not exceed 10% of their mean value.

Cytotoxic drugs studied -included chlorambucil (Sigma
20 Chemiecal Co., USA) )1-2mg diluted in 50ul of DMSO .
immediately befoxre use), cisplatinm (in saline
solution) (David Bull Iaboratories, Australla),
vinblasine (Sigma Chemical Co., USa), solasodine
glycesides, 100mg in S5ml DMSO and diluted to give a 5%
25 solution of DMSO. Appropriate DMSO cytotoxicity studies
were also conducted. Solasodine glycosides were
supplied as a mixture (BEC), and as separate companents,
solamargine, solasonine, a mixture of di- and mono-
' glycosides and the aglycone solasodine. All cytotoxic
30 drugs were further diluted with HIFCS/TCM before
testing. 5x10* ovarian cancer cells (200ul/chamber of
a chamber of microscope slide {Lab Tek Miles Scientific)
were used. Controls received 50nl HIFCS/TCM and
experimental chambers 50ul of solasodine glycosides
- -
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{BEC) 1.5-3.8 uM/L after 7 hrs preincubation, and
incubated for a further 3 hrs. Simitlarly, the cells
were +treated with the aglycone solasodine 19.4-96.8
BM/L. The cells were fixed and examined by the
5 Papanicolacu method.
Solasonine at 11.31uM/L was ineffective in inhibiting the
uptake of tritiated thymidine by the variaus cell types
relative to solamargine at 11.5uM/IL (Table 1). The
mixture of 4i- and mono-glycosides at 14.45uM/L were
10 also ineffective for lymphoblasoid cells and Hela cells,
whereas they caused approximately 30% inhibition for
ovarian cancer cells and f£ibroblasts (Table 1). The
highest concentration of BEC used contained 6uM/L of di-
and mono~glycosides and this would account for 10%~12%
13 inhibition for susceptible cells. In order that
' comparisons could be made with previocus studies, anA
because of the limited availability of the individual
glycosides, the mixture of solasodine glycosides BEC was
used for further Ainvéstigations and the molar
20 concentration expressed in terms of the most cytotoxic
component solamargine.

In contrast +to the other cells that .have been
investigated, solamargine has limited cytotoxicity for
unstimulated lymphocytes and lymphocytes stimulated with

25 Con A, and an absence of cytotoxicity when lymphocytes
are stimulated with PHA or PWM (Table 2). Solasonine
was also found to be ineffective (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 d4i- and mono-
glycosides {(DMG).
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From the dose response curves (Figs. la,b,c,d), the
lethal dose (LD) of cytotoxics required ta inhibit 50%
(ID.o) uptake of tritiated thymidine was determined.
The LDs, of the various cell types can be expressed as
5 a ratio relative to the LD., of ovarian cancer cells, to
give a thymidine uptake ratio (TRse). Therefore, TRso
values greater ¢than 1.0 jindicate that more ovarian
cancer cells ate killed relative to the other cell type
(Table 3). From Table 3, other TRso can be calculated.
10 The TR,, for fibroblasts/lymphoblastoid cells in the
presence of vinblastine is 0.73, which demonstrates its
known cytoxicity to normal cells. Similarly, the TRso
for chlorambucil {alkylating) and cis-platinum (DNA
binding) which are used in the treatment of chronic
15 lymphatic leukemia (CLL) and ovarian cancer
respectively, also reflects their known attendant
toxicity, although that of c¢chlaorambucil 3is not
reflected by £fibroblasts. However, in the case of
vinblastine or cis-platinum, the 1low TR., for
20 £ibroblasts relative to ovarian cancer cells is evident
{Table 3). In contrast, solamargine gives a TRuo
greater than 2 for fibroblasts and lymphobhlastoid cells
relative to ovarian cancer cells. This suggests that
solamargine has an accéptable degree of specificity for
25 ovarian cancer cells, and under these® conditions is
superior ta the cother cytotoxic d:ug*é. The specificity
of solamargine for ovarian cancer cells is 2also
reflected by the TRs;, relative to Hela cells (Table 3).
In addition, the molar concentration of solamargine
30 .that is required to achlieve an LDse for ovarian cancer
. cells is 6-40 +times less +thin that of the other

cytotoxices investigated (Table 3).
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The LDs, from the dose response curves (Figs. 8a,b,c,d)

for lymphocytes have heen calculated and are presented

in Table 4. The LDs, for DMG indicates that they are

equivalent or more c¢ytotoxic than the other anti-

5 neoplastic drugs investigated except. in the case of PWM

stimulated lymphoeytes. The LDso. concentration for the

dAi- ard mono-glycosides of solasodine (DMG) is

increased with stimulated lymphocytes, in particular

with PWM stimulation. Stimulated lymphocytes undergo a

10 number of changes, which includes and increase in plasma

membrane permeability, and this may account £or the

variable LD, for some of +the cytotoxic drugs

investigated. However, this situation does not appear

to apply to DMG. Firstly, PHA and PWM stimulation of-

15 lymphocytes negates, rather than enbances the effect of

"~ DMG. Similarly, +this applies to the effect of

solamargine and the absence of any effect of solasonine

on unstimulated and stimulated lymphocytes (Table 2).

Secondly, the only d;i.ffereq_ce between the glycosides are

20 their carhohydrate moieties (glycone), because they all

contain the same aglycone solascdine. This suggests

that the different effects of the glycosides on

unstimulated 1lymphocytes are due to the presence or
absence of different ERLs.

25 CELLULAR UPTAKE BY ENDOCYTIC ENDOGENOUS LECTINS

3 mixture of solasodine ‘glycosides (BEC), of which the
dctive compound is sola.ma.rging and £rom which the
aglycone solasodine is derived was prepared for use in
cytotoxicity assays. as determined by the uptake of
30 - tritiated thymidine. Inhibition studies were carried
out with lactose, lactosyl-albumin, galactose or
rhampnose (Sigma Chemical ¢€o., USA). All experimental
replicates were related to their own controls. Total
volume of replicates was 25011 (carbohydrates added in
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50p1 tissue culture media + 10% fetal calf serum), and
the cell concentraticns were 8x10*/ml..

2 human ovarian cancer cell line (C180-135) was grown as
mono layers and trypsinized to form a cell suspension.

5 The cells were adjusted to a concentration of 1x10%/ml
(viability 295%) and 200pl placed in each of the eight
chambers of microscope chamber slides (Lab Tek, Miles
Scientific). After 21 hours preincubation at 37.5°C,
50ul1 of supplemented tissue culture media were added to

10 the control chambers. To the other chambers were added.
5011 of sclasodine glycasides (BEC) to give £inal
concentrations of 3, 4.8, 6.7, 7.7, 9.6, 11.1 and 15.3
UM/L. Similarly, to a separate chamber slide was added
the a:glycone solasodine {(19.4 - 96.8 uM/L). The slides
weie incubated at 37.5°C for a further 3 hours, and the
cells fixed in 95% V/V alcohol and stained by the
Papanicolacou methaed. T™wa other chamber slides were
prepared in a similar manner, but the solasodine
glycosides and the aglycone were added at a final

20 concentration of 0.77, 1.5, 2.3, 3.1 and 3.8 uM/L after
7 hours preincubatian, and then incubated for a furthex
17 hours.

As the ovarian cells (CIB0-135) are more susceptible to
the cytotoxic effects of solamargine in the BEC mixture

25 of solasodine glycosides, these cells were selected as a
representative example of the response of susceptible
cells. Lysosomotropic. drugs are weakly basic amines,
like solamargine, which can be trapped and accumulate as
.the protanated (acidic)’ form in the lysosomes. This

30 results in the rupture of the lysosomal membranes and
the release of their proteolytic enzynes.

In order to observe any immobilization of spermatazda,
sperm (10x%10%/ml) (50ul) were placed on a microscope
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slide separated from 50ul of solamargine (3 mg/ml} by
Sul of eosin. A cover slip was then placed over the
slide. The drops spread qut but do not mix with each
other to any great extent. This is a standard method

5 known in the art. It was noted that sperm was not
present on the side of the slide where the drop of
solasodine glycosides was placed.

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

10 a ovarian cancer cells (Fig. & and Fig. 7)

2, = ovarian cancer cells in the presence of
lactose 1.1uM/L (Fig. 6). '
ax = ovarian cancer cells in the presence of
lactosyl-albumin 1.1uM/L lactose (Fig. 6).
15 bed HelLa <c¢ells, - lymphoblastoid cells and

fibroblasts respectively (Fig. 6 and Fig. 7).
Fig. 6: Top curve - effect of the aglycone solasodine.

Partial inhibition of éolamargine cytotoxicity by
lactose and lactosyl-albumin is demonstrable for covarian

20 cancer cells {Fig. 6). The lactosyl-albumin inhibitory
effect is approximately 4 times that of lactose at
_equivalent lactase concentration (Fig. 6). This is

. becaﬁzse glycoconjugates have an increased affinity" for
their corresponding lectin relative to unconjugated

25 carbohydrates. Similarly, lactose and galactase cause
partial inhibition of solamargine cytotoxicity for both
ovarian cancer cells and lymphoblastoid cells (Table 5).

In contrast, lactose and galactose completely inhibit
solamargine cytotoxicity -in the case of fibroblasts, and
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inhibition by rhamnose is also demanstrah {Table 5).

Rhamnose is not found in mammalian glycoconjugates, but

" undex c¢ertain conditions, can be identified by
galactose reactive lectins. Therefore, the XEEL

5 expressed by cells susceptible to solamargine has
specificity for Gal{l+4)Glu{2»1)Gal. It is therefore
possible that lacktpse may compete for this EEL, in terms

of the 1a(;tose group (Gal(i1-+4)G1lu) and
galactose/rhamnose for the terminal galactase

10 ((2»1)Gal).

Similarly, these carbohydrate moieties of solamargine
may be identified by their corresponding EEL's. This
latter situation appears to apply to fibroblasts, as
solamargine cytotoxicity was completely inhibited by

+» 1actose and galactose (Table 5). However, in the case
of HeLa cells, solamargine cytotoxicity is nct inhibitred
by lactese and galactose. Further, solasonine, a
glycoside of solasodine, with a glycone moiety
Glu(l1>3)Gal(2+1)Rh is not cytotoxic. This gives further

20 support £for the presence' of an EEL specific for
Gal(1l2>4)Glu(2-1)GAl. Wnether or not the partizl
inhibition of solamargine cytotoxicity by lactase and
galactose, in the case of ovarian cancer cells and
lymphoblastoid cells (Takle 5), is the result of

25 competitive inhibiticn or the presence of lactose and
galactose EELs, has not been elucidated.

The aglycone solasodine does not exert a cCytotoxic
effect at equivalent concentrations of solamargine (Fig.
é) . However, at higher concentrations, there is an
30 increase in cytotoxiecity, but this is more apparent with
ovarian cancer cells (E‘ig. 7). This may be explained by
‘the changes in membrane permeability of cancer cells.
It is possible that Ssolasodine, which is a very
hydrophobic molecule, undergoes enhanced protein-hinding
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and thus reduces its bicavailability. .Cytotoxic effects
therefore become apparent at ‘higher concentrations.
Nevertheless, collectively, the results demonstrate the
presence of EELs for solamargine.

5 The aglycone solasodine does not exert a cytotoxic
effect at equivalent concentrations of DMG., However, at
much higher dé?xgentraﬁOns, there is a substantial
effect on unstimulated lyvmphocytes, which is
significantly zreduced in the case of stimulated

10 lymphocytes (Fig. 8e). This suggests that membrane
permeability to the aglycone is decreased in stimulated
lymphocytes. However, this would not account for the
differential effact of the glycosides on unstimulated
and stimulated lymphocytes (Table 2, Figs. 8a,b,c.,d),
and inhibition by carbohydrates (Table 7). Thus,
collectively the results support the active uptake of
solasodine glycosides hy EELs.

)
| 11

Glucose or rhamnose 5nhibit the action of DMG with Con A
stimulated Jlymphocytes -{Table 7). Since these

20 carbohydrates do not inhibit DMG with unstimnlated
lymphocytes, this suggests that Con A stimulation
results in <the expression of EELs that react with
glucose and rhamnose. Thirdly, Con A stimularion gives
rise to a subpopulation of T suppressor cells (TS) that

.25 inhibit helper T cells (TH) within the total population.
The TS cells produce scoluble £factors that inhibit THE
cell functions but <these suppressor factors cah be
inhibited Dby N-acetyvlglucosamine or rhammesa by
) cdmplexing +he TH cell receptors. Therefore, one of the

30 soluble T5 cell factors and/or Con A may be involved in
receptor (EEL) induction on TH cells. '

The aglycone solasodine did not have any observable
effect on the ovarian cancer cells at any of the
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preferred co oupds are, sol asoni ne,
ith" increasing <concentration of the solasodine

glycosides (expressed as concentration of solamargine)
over 3 hours, the cytoplasm of the cancer cells undergo

5 dissolution, the nuclei contract and become dark
staining [Fig. 2B), nuclei then enlarge [Fig. 3A), the
chromatin clumps (Fig. 3B), and finally the nuclei
disintegrate (Fig. 4A). Fig. 4B represents the effect
of the solasodine glycosides over 17 hours, in which

10 cellular debris is left. It therefare appears that the
inhibition of thymidine uptake by solamargine is the
result of cell lysis. - :

Solamargine was also found +to inhibit Thuman
spermatozoal motility (Fig. 3) as a red line of

15 demarcation between the sperm in tissue culture media
and the solamargine aligquat became wvisible as sperm
penetrated the boundary and then became immobilized
within 15 sec.

The immobilization of spermatozoa can result from the

20 inactivation 6f their mitochondria, and in the case of
cells that contain lysosomes, this could lead to rupture
of the lysomal membranss. '

The preferential cancer cells ‘cytotoxicity
{lysosomotropic/mitachondrial inhibition) of solamargine
25 appears to be effective against both proliferating and
resting cancer cells, as evidenced by the absence of
cancer cells upon cytological examination (Fig. 4B). In
_addition, the lack of lysosomotropic/mitochondrial
inhibition by the aglyconé solasodine, the triglycaoside
30 solanine and the di- and mono-glycosides ©f solasodine
indjcates that the cellular uptake of saolamargine is:
possibly mediated by plasma membrane endocytic
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endogenous lectins (EELs), specific for the carhohydrate
moiety of solamargine.

FLUORESCENCE ACTIVATED CELL SORTER ANALYSIS (FACS)

To verify the inhibition studies of the "free" sugars
S and sugars covéle.ntly bound to albumin (uptake of 3H-
thymidine) were due to competition for endogencus lectin
receptors, FACS analysis was used. This involves the
use of sugar(s) covalently bound +to bovine serum
albumin and the fluorescent campound FITC (S~Alb-FITC).
10 To 1x10° cells, washed twice in phosphate buffered
saline PH 7.2 containing lomg/rill of Y»ovine serum
albumin, 1lmM CaCl. and 0.5mM MgCl., was added 1.0ml of S~
Alb-FITC 200pg/ml in the same buffer and incubated for 1
hour. This experiment was conducted at two different
15 temperatures, 4°C and ambient temperature (RT). At 4°C
the endogenous lectins would undergo endocytosis
(internalization by the cells) at a slower rate when
complexed to S-Alb-FITC relative to that at RT. Thus a
greater percentage of fluorescence should be expressed
20 at RT, unless the c¢ells were expi:essing excessive
amounts of endogenaus lectins.

The data for the lactose specific lectin receptor is
Presented in Table 6 for a number of cell types.

INHIBITION OF CYTOTOXICITY BY RHAMNOSE IN MICE WITH
25 SARCOMA 180

Rhamnose is not found in mammalian glycoconjugates but
_forms part of solasonine, scolamargine and diglycosides
of solascdine in BEC. ' If specific receptors for this
sugar are present on cancer cells (absolutely or in
30 greater abundance) relative to normal cells, <then
rhamnose would be expected to inhibit the cytoto:&ic:
effects of BEC. .
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against murine S180. It is also demonstrated that mice
in their terminal stage with S180 can tolerxate and
become symptom-free of cancer by a large single dose of
BEC. The mice tolerate BEC at concentrations which are
equivalent to 3._times the IDi:oo of control normal mice.

Herston White mice with a body weight of approximately
30g and aged 8-10 weeks served as recipients. Twelve
mice were randomly chosen for each experimental group.
Sarcoma 180 tumour cells [5x10%) were inoculated
intraperitoneally into mice. This caused a mortality of
100% with a median survival time of 20 days in the
contrel groups. A standard mixture of glycoalkaloids
(BEC) was dissolved in dimethylsulfoxide at a
concentration of 0.5g BEC/100ml dimethylsulfoxide.
Similar solutions were made up but alsc contalned
0.3125, 0.625 and 0.9375g of rhamnose. These soluticns
were administered intraperitoneally in concentrations ‘of
8mg/kg animal weight for BEC (Fig. 9) without (~a=-), and
with Smg {~@ =), 10mg (=+=) and 15mg (-A -) rhamnose/kg
animal weight. The first dose was given 0.5 hours aftex
administration of the Sarcoma 180 tumour cells. The
remaining three doses were given at daily intervals.
Dimethyl=sulfoxide and rhammose had no e_ffect on Sarcoma
180 activity in the absence of BEC (-0-).

Using similar conditions to those described in Fig. 9,

.single high doses of BEC (Fig. 10) 25mg/kg (-0-),
".50mg/kg {-v-), and 100mg7kg (- ® -) were administered

30

intraperitoneally 12 days after inoculatjon of the

. Sarcoma 180 tumour cells (arrow), that is, one day

before the animals enter into the terminal stage.
Dimethylsuphoxide had ne effect on Sarcoma 180 _ac:ti.vity
and all animals died in 20_ days (=e-). :
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Fig. 9 illustrates that the survival of mice with S180
treated with 4 doses of 8mg BEC/kg was dependent on
given doses of rhamnose. Mice inoculated with S180
cells alone died in 2-3 weeks. When four doses of BEC
5 at Bmg/kg were given. on consecutive days, complete
inhibition of S180 activity was achieved and all the
animals surviwved. The number of survivals was
decreased with increasing concentrations of rhamnose.
Five mg rhamnose/kg decreased the survival to 75%,

10 whereas 10mg rhamnose/kg decreased the survival to 50%
and 15mg rhamnose/kg decreased <the survival to 42%.
This indicates that rhamnose may competitively inhibit
the efficacy of BEC. Similar concentrations of rhamnmose
or glucose have no effects on S180 activity in the

15 absence of BEC. These observations suggest that the
binding of solasodine glycosides on tumour cells may be
mediated through the monosaccharide rhamnose, which
forms part of solasonine, solamargine and diglycosides
of solasodine in BEC.

20 In all reported in vivo studies with £180, BEC was
injected before the terminal phase. Fig. 10 illustrates
the effect of single doses of varying concentrations of
BEC on the absolute survival of mice which had the 5180
tumour f£or 12 4days, that is, one day heio:v:e ~-£he animals

25 enter into the terminal stage. All animals incculated
with 5180 and not treated with BEC died. The survival
time is increased with a dose of 25mg/kg. Howeverx, at
day 30, all the mice had died. The survival time and
-munber of survivors weré increased with increasing

30 'concantratn.ons of BEC, and. 17% were symptom-free with a
given dose of 50mg/kg, whereas 42% were symptom-free

" with a given dose of 100mg/kg.

There are two important observatioms to note from these
results.
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receptor7 to specrfrcally i nduce aut ophagy and/or cell agglutination or
i mobi i zation of different celll mp e li gands ot heré}é}l&gﬂ'
‘car bowyippne8™3I ncl ude the steroid a___rg,. id horn®

, growt h factors

progesterone, insulin, oestrogen, yrow-

pol yam nes, cytokines, |ynphokines, Iynphotoxrns chal ones, fatty aci ds
and cholesterol - ie, essentially any em cal nessenger required for
endocyt osi s. Once such a ligand has “been identified and coupled to the

appropri at gqqf egplde dgid vatiyve a8 b RETACOMOYRE. in their terminal
stage can be rendered symptom-free of S180 by BEC
therapy.

The second is that the animals can tolerate very high

5 doses of BEC. It is known that the IDs,

(intraperitoneal}~of BEC in mice is 30mg/kg for single

doses and the ILD:oo is 35mg/kg. Thus, in the present

studies, it is shown that if the mice suffered from

advanced S180 activity, virtually three times the LDipo

10 of BEC for normal mice can he tolerated. This important

observation has not been reported with other
antineoplastic drugs.

This lack of toxicity may be due to increased plasma or
tissue enzymatic activity, resulting in hydrolysis of

15 the sugars @ from the solasodine. Solasodine is
relatively non~toxic in mice (100mg solasodine/kg-
which is equivalent to approximately 200mg BEC/kg ~ does
not praduce any deaths 3in mice). However, ¢this is
uniikely, since solascdine at similar concentrations

20 (100mg/kg) is not effective in inhibiting S180 activity
in mice, and Fig. 10 shows clearly that S180 activity
was inhibited by the eguivalent concentration of BEC.
Alternatively, and a2 more likely explanation, is <that

. the 8180 cells which are in great abundance in the
25 ascitic £fluid of the mice 12 days after inoculation of
£180 cells, recognize and »ind BEC hy means of specific
receptors (endogenous lectins), reducing the
bioavaillability of BEC to normal cells, which in turn
.reduces the toxicity of BEC. Furthermore, this
.30 explanation is supported by the fact that BEC inhibits
"S180 activity even though the animals are suffering £rom
advanced S180 activity. Bat this‘advanced stage, BEC, at
concentrations less than 25mg/kg is not effective in
inhibiting S180 activity. These results provide

This Sheet Has Been Replaced

i LR

e)e atH AP ILER  #2%
61 7 32210597 DREW &I.\.AI_IJI’IE'EEJ# 3



RCV B\ DRLW & \APILR - “2 '7_‘-u . .,49(3: w W)H_S&I ;:.-_...u..u.(;’ 7 82210597- DREW &';\‘_A‘_l’:'l'l-;lt: #30
adni ni'stTation to the cell-containi ng host should induce cell autophagy
and/or cell agglutination or imrobilization. It should be noted that it

‘i's not essential that the aforesaid ligand be directly coupled to the said
ster W(gﬂ)'m?l?er conpound. For exanple, the said steroi CPGFMJ-Hié‘PWéBrrpound

could be attached to one end of a suitable organic or inorganic
carrier, such as a polyner, with t | i gand coupled to the other end of
the carrier. This indirect coupling the ligand to the steroid or the

i ke coul d ol @ G RO APl dAE Ve B SRR Ly E N BESSEN cdTpignt i on

when it is
relative to normal cells and the mode of entry of BEC

into tumour cells appears to be mediated by the sugar
- moiety of the solasodine glycosides.

e
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|nappropr|ate “F “or 'what ever reason, to directly couple the ligand to the

act i Veydy ofRenaNt - Thi s abilj trol cellular functRQIZTAR91/G00R0 | s
‘not evident tromthe ﬁﬁﬁgﬁﬁﬂﬂﬂkﬁBéﬁl. Different diseases require
different treatnent |- aRrePLeCE fective against skin cancer is
unlikely to be as : ' 28

Table 1
Percentage Cell Survival in the Presence of
Solasodine Glycosides

Percentage Survival: Cell Type
OvCa HeLa LCL FB

wane P

BEC 0.6 + 0.1. 27 &7 54 + 4 48 + 6
12.42uM/L,

Solamargine 7 + 0.8 2.6 + 0.5 35 + 4.2 23 + 1.7
11.5uM/L

Solasonine 93 + 8.0 105 + 9.5 117 + 8.0 96 + 8.3

11.3uM/L

I+

ai- & mono- 71 + 9.0 94 + B.3 97 + 11.0 76 + 5.7
glycosides :

14.45uM/L

OovCa = ovarian cancer cells:;

Helia = Hela cells;

LCL = lymphoblastoid cells;
= fibroblasts.
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effective agalnst for exanple, ovarian cancer as the malignant cel'l's have
different receptors..._For exanple, although it is known that certain

gl ycowcglggigf@ effeclt'rme St ek e in cancers, these s&®GY/3lU9tH06020ks
have not been assessed f gfpilaRgpr potential use against other cancers nor
has their node of actToNbeen—studied ét I's believed that the present

I nventors are the first 2

Table 2
Percentage Survival of Unstimulated and Stimulated
Lymphocytes in the Presence of Solasodine Glycosides

S Percentage Survival

S.G. Us PHA " Cen A PWM
BEC

J 12.42uM/L, 6317 95+4. 90+8 100+7.5
Solam
11.5uM/I  76+9.6 93+4.4 79+4 93+95.4
Sclas
11.3uM/L 97+11.8 103%5.7 9747 110+3.8
DMG
14.45uM/L 40+4.6 93+4.2 5745 103+9.7

n =10

SG = solasodine glycosides

BEC = Solam, Solas and DMG .
Solam = Solamargine |

Solas = solasonine

DMG = di~ and mono-glycosides

U5 = unstimulated lymphocytes

PHA, Con A and PWM = stimulated lymphocytes

/
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to havé St udi ed”"thi's node of acti on, |dent|f|ed t hose receptor S|tes on

"abnormal " cells which differ fronlthose on "normal" cells and by a

‘sui taPJ(E fﬁ? g4 ion of an appr opfighe seePPansBEERChI eved a RCT{ALISRHOOZN! r Ol
on ce ?ar unction. For thei use;erpcaptlce t he conpounds of the

present invention are not generattyenptoyed by thenselves. Preferably,
they are used in a conposition containing one or nore of the conpounds, in
association with any pharnaceutical-type carrier or diluent which is
suitable for its admnistration. :
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As uséed throughout t he speC|f|cat|on Tha§deeNel of diluent” denotes
an organi c or inorganic, natural or yﬂﬂhé ‘ wi th which the
‘active ingredient is conbined in ordgr_t € the ﬁgﬁf n of
the i We9tA1BM3 This carrier or diluent is, therefore, AQF? |ner and
It. must be pharmaceutically acceptable. Wth the ceIIuIar control
available from the present invention, it should be possible to target a

particul ar cell
the treatnent
renoval of

of cancer,
pat hogeni c

for destruction or nod3Xication necessary in
contracepti on,
Tab

le 4

term nati on

for exanpl e,

of pregnancy,

LD.._Concentration of Cytotoxic Drugs fox

Unstimulated and Stimulated Lymphacytes

CB CcP VB DMG
* T /L uM/L UM/ L LM/ L
Us 33.0 21.0 11.0 6.4
PHA 24.6 17.0 19.2- 14.8"
Con 2 33.0 11.0 7.8~-- 11.2""
PWM 22.0 10.8-- 196.0°""

8.0

US = unstimulated Llymphocytes
PHA, Con A and PWM =

CB = chlorambucil
CP = cis-platinum
VB vinblastine

stimulated lymphocytes

DMG = 4i and mono-glyeosides of solasodine

extrapolation
extrapolation
extrapolation
- extrapolation
extrapelation

Thls Sheet Has Been Replaced
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-0.811 p
~0.94 p

<0.05 »0.02 (from Fig.la)
0.01 (from Fig. la)

<0.02 >0.01 {£rom Fig. la)
0.05 (from Fig. 1c)

<0.01 >0.001 (from Fig. l¢)
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(i'ncl udi ng humans), said nethod conprising admnistering to said animal a
conpound or a conposition, both as hereinbefore defined. The present
‘invention should al so be useful as a diagnostic and anal ytical _tool whereby
a conworehiéaend to selectively bind to a target cell couPGTAAUPHIORPZY |y
-further nodified, to enable its detection by suitably avail able

techniques, thus acting as a
Thus, according to a fifth aspect

"mar ker" iden
of t¥e presen

Table 6

NS SetT RAR SR cel |

REPLACEL |

FACS analysis of percentage of cells with

lactose lectin receptors

CELL TYPE

P
-

Viral infected cells
Ovarian cancer cells
Fibroblasts
. Lymphocytes
Lymphocytes stimulated

4°C

49%
673
29%
27%
52%

-
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|nvent|on there is provided a method of marking and identifying a target
el l t hod conpri sing: (a) identifying a corrpound suitable to
cont rog"g’l"o_""3 cel | autophagy, cell agglutination r PCT/AU1/00020

i rmobi lization of notile cells by the nethod as herelnbefore

def i ned; (b) further nodifyf(MgnsandectnBdFEY t o enabl e

detection of the thus nodified con OundREPLACED
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(c) |ndu0|ng cell autophagy, cell agglutlnatlo- or cell

I mmobi lization by the nethod as ‘ mbef ore defined; and

(d) detecting said nodified z y appropriate

nmeans 9E §iably, said compound™ fitied by fuPCHAUBIMOIBati on
W th gwgt er conpound, this other conpound bei ng detectable by its

fluorescence or radioactivity.

35

It has been demonstrated that alkaloids will induce
cellular autophagy (self-digestion) and/or cell
agglutination or immobilization. These effects of such
alkaloids are greatly enhanced when conjugated to

5 certain ligands, particularly carbcohydrates (glycocon-
jugates). The invention is particularly effective if
the cell to “be targeted possesses receptors that
recognise a rhamnose — or a rhamose-like - residue. By
conjugating different ligands to these, alkaloids, it is

10 possible to induce autophagy and/or cell agglutination
or immebilization of specific cell types.

The most cytotoxic compound is solamargine, the dose
required to inhibit DNA synthesis by 50% (LDxe) of an
ovarian cancer cell line and HelLa cells being 1.5 - 3.3
times less than that regquired for lymphoblastaid cells
and fibroblasts. The effective LDss of sclamargine is
6-40 times less than that of vinblastine, chlorambucil
or cis-platinum, compounds that are egually or more
cytotoxic to normal cells .relative to cancer cells.

-
L

20 Although it is known that neoglycoprotein conjugates of
cytotoxic drugs may be sultable for targeting of cells
via ERLs, this known art bhas anly used monc- or di-
saccharide .conjugates for this targeting of EELs which
are also expressed by various normal cells.

25 Further, such prior art drugs are limited to the
treatment of one type of malady and it is not possible
",t'o predict the effectiveness .of such drugs in the
"tresatment of a different type.

In contrast, the present invention demonstrates, inter
30 alia, a more complex EEL on a ovarian cancer cell line
and Bela <cells for the trisaccharide

Thls Sheet Has Been Replaced-
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A E;f,‘()l‘mjl a (1) as hereinbefore

11 For exarrpl e, a conmpound of t ]
' | uor elscent reage oride,
ACOT por at e t he us[};qp/?&@o ggl (s)

defined could be reacted
‘or sAYQ9%a8tind coul d be

e I ed conpound could be purified before its
use in the induction of cell 36

known in the art. The thus

Gal(l 4)Glut2 J.)Gal-,_ as well as EELs for lactose and
galactose.

The presence of an EEL for a trisaccharide such as
rhampnose is surprising as rhamnose is a plant sugar and
5 1is not generally known to cccur in mammalian cells.

It is believed ‘hit the present inventors are the first
to demonstrate that an EEL for a trisaccharide oceours on
cancer cells relative to normal cells such that the
difference 3in EEL expression can be exploited for

10 increased specific targeting of cytotoxice
glycoconjugates.

In this regard, given the lack of toxicity of solasodine
glycosides relative to other cytotoxic drugs, the unigue
mode of action, the ability to be targeted via EELs and

15 the potential to produce synthetic glycoconjugates of
solasodine with enhanced specificity, +the present
invention should be of particular importance in cancer
chemotherapy. -

The present invention is expected to be of great value

20 in the control of cellular function in all types of
vertebrates or invertebrates, including Dbacteria,
viruses, protozoa and fungi -~ for example, in the
control of pathogenic organisms in blood, lymph and
tissue; any new growth of tissue or tissue that is in an

25 ectopic site; embryonic cells; non-malignant and
malignant cells; spermatazoa and semen; ova; and far
tf;g control of biochemical manufacturing processes.

Further, it follows that the present invention can be
‘used to prevent cell autopbagy and/or cell agglutination
3¢ or immobilization but change cellular metabolism - for
axample, the production of a tumour necrosis factor by
-
eet Has Been Replaced
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aut ophagy, aggl ut| nation or ' pn and the progress of the

bi nding foll owed under a fiT4g ) o$cope or radioactivity counter
as applicable. If the bindi i én at a low tenperature, the

i nt er WO 9RADBE3 of the nark rrpound will be slow allow RCE/ALMIMNIRMg to
be fol | owed. DETAI LED DESCRI PTI ON OF EMBODI MENTS Specific details of the
conpounds and net hods of the present ifywention wll now be illustrated.
The technical ternms identfied have the Usual neaning in the art.

cells, such as macrophages, and/or inhibition of
cellular metaholism and catabolism.

- It will Dbe appreciated that the above experimental

results are given by way of exemplification of the

5 invention only and that' changes may be made to the

detajils set out’ therein without departing from the
inventive concept as defined in the following claims.

_
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GENERAL  Sol asodi ne gl ycosi des can be isolated and purified as a m xture
(known as BEC) conprising solamargine (33%, solasonine (33% together
wi th di- and nono-glycosides (34% or as separate conponents (Cura Nom nees
Pty Ltd, Australia) and these compounds have been investigated for uﬁ
IME

i nhibition of cell replication of human cells, ovarifa eNTERHBET
mel anoma cells, cells infected with vi ruseé-, nornmal §fi

i b 1 on-of (FEEHEY cos: GECHRLeatadl 1C Nave beery | 13 MAR B97

TECHENICAL FIELD

TEIS INVENTION is directed to cellular autophag'f. In

particular, it is directed to the control of cellular

5 autophagy, cellular agglutination and the
| immobilization of motile cells.

BACKGROUND ART

Controlled autophagy and/or agglutination or
immobilization of cells should be very useful for a wide
10 wvariety of therapeutic and other medical and non-medical

uses.

Before describing the present ipvention in detail, it is
first important to appreciate the differences betwsen
autophagy, cell lysis and apoptosis.

15 2utophagy (or self digestion) _is the result of
disrupting the cellular organelle <~ the lysosome-
directly or indirectly, for example, by inhibition of
mitochondrial activity. The cell thus digests itself
from the inside, including digesting the plasma

20 membrane of the cell, to leave behind the nucleus that
is also partly digested and fragments. . '

Cell 1ysis, however, is cell death due to leakage of
material from the cell and can be induced by changing
the osmotic strength of the media surrounding the cell.

25 Cell  lysis can be induced by causing damage to the
'hplasma membrane of the cell, for example with enzymes or
anfibiotics,' to induce osmotic shock. Also in
haemolysis, which is the spegiﬁ.c lysis of red blood

" This Sheet-Has Been Replaced .
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denonstrated with the appropriate "free" sugars and}cBEBlrS f"ﬂﬂlﬁtﬁ% 1
bovi ne serum al bumin. The sugars that have been invegtigatred and sho
have inhibitory effects on the action of the mxtyr %
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cells, haemoglobin is extruded Ly the cell to leave
behind a damaged red blood cell membrane.

Finally, apoptosis is the £ragmentation of the nucleus
and the encapsulation of these £fragments and cell
organeslles in plasma membrane fragments - this doces not

" involve cell lysis or autophagy.

Traditional treatment for an infected host is the
destruction of the invading wvirus or the like, leaving
the cells of the host intact. Similarly, if abnormal
cell growth of the host is responsible for the malady,

. then treatment, obviously, must only <target the

abnormal cells, leaving the normal cells uu:act.

Treatment of the latter type of malédy, eg cancer and
related diseases, has been the subject of much research
and a large range of chemical compounds have been
investigated with mixed results.

Preference for treatment with naturally occurring
compounds *is increasing and of the many alkaloids
currently used or tested in medicine, many have keen
extracted £rom plants. In particular, the use of
extracts of the plant species Solanum as an effective
treatment of certain cancers has Dbeen known since at
least 18B25. Research inta these extracts £from 1965
onwarls has established that the antineoplastic
compound({s) was most likely a glycoalkaloid(s).

_ Examples include B-solamarine, a glyccalkaloid extracted

from Solanum dulcamara as a tumour inhibitor, and other
glycoalkaloids extracted from Solanum sodomaeum L. which
possess antineoplasti:c activity both in mice and humans.
another example is Solaplumbin =~ which is rbhamnosyl
[4+3) Solasodine -~ obtained from Nicotiana

T Been i - THIS SHEET HAS BEEN
““‘l“ ‘l“‘ “l m ‘“‘ - REPLACED



3
@l ycosi des. ar
NAc gl ucose,

gal actose [err] and [err] and the di saccharide | act oge.

(Sigma Chemc
di luted i medi
supplied as a

EMENT SHEET
e as fol | ows: gl ucose [err] and [errf‘EPLAC :

“mannose J[err] and J[err], NAc manncsgtm ne
XE

al Co., USA), 1-2ng was dissolved ijn 50[err]| of
ately before use in TCM + -10%FCS Cils- pl at i num was
saline solution ( David Bul 13 Labor at orfies Austt-ad-ta

oS o aed v LS AORRGR o %”@oéid%ﬁ%o%%?m%#

dissolved in T
5m DMSO

10

15

20

30

properties in rats.

However, specificity remains a problem apmd it is not
always possible to target solely the invading virus or
the like or to only affect abnormal cells of the hast.

DISCLOSURE OF TEHE INVENTION

The present inventors! studies of normal and -abpormal
cells have discovered specific receptors on abnormal
cells which are either not present on normal cells or
are only present in significantly reduced numbers such
that certain compounds are preferentially recognised by
the abnormal cells, and which bind thereto and
subsequently destroy. Oncea these recept:brs have been
identified it has also been discovered that certain
alkaloids and other pharmaceutically acceptable
compounds can be used to control cellular autophagy,
cellular agglutination apd immobilization of motile
cells. ' '

With such control, it would be far easier to target ‘a
particular c¢ell for destruction or some other
modification and woul_.d" e useful in, for example, the
treatment of cancer, contraception, texrmination of
pregnancy, removal of pathogenic organisms and removal
of any abnormal cellular growth (malignant or
otherwise). It would also be useful as a diagnostic and
analytical ool whereby cell structure could be studied
and testing could be uncle:taken for the presence (and
.subseguent analysis) of pathogenic and non-pathogenic
organisms. This contrel of cellular function would
also be useful in +the manufacture of Dblochemicals
whereby certain cells must be destroyed ox otherwise

contained. .
. —
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and diluted with TCM + 10% FCS to give a 5% sol utipmro

di l'ut ed before

use. Appropriate DMSO cytotoxicity st R

conduct ed. Peri pheral bl ood human | ynphocytes welelisol ated using f|n

| sopaque- Fi col |
titre plates.

culture nedia supplenented with 10%fetal calf ser ' al ni ng 20[e rljg/m

of phot ohaemag i ni | i Ny
P Tore wag'?mc"m tﬁre%@?f@ £RVEARAYE MhAve

gradient and cultured in replicate$
2x105 | ynphocyt es/ wel | (1x1Q&err]/n1)

bf ﬂgMARﬂ?‘E'o el |
. ohel

hours. and pul sed w trltlate

for a further 228gBtrEying a|ﬁa1{‘q+é:u}qﬂ:“ QGERTOT sFh¥fe Lt e EEFFE"-

cell and coupling a suitable compound +thereto, the
required control of cellular function can be achieved.

Thus, according to one aspect of the present invention,
there is provided a method for identifying a compound

- suitable to ccurt‘rol cell autophagy, ce_ll agglutination

1D

15

20

or 1mmob111.zat.1.on of motile cells, salid method
comprising: ' '

(a) analyzing the surface of each of a .targét cell
and of a non-target cell;

(b) identifying receptor sites on said surface of
said target cell which are either not present
or only present in significantly reduced
numbers on said surface of said nan-target
cell; and

(¢) selecting a compound which will selectively
bind to said receptor sites of said target

cell and which will exert said control.

As a second éspect of the present invention, there is

‘provided a method to control cell autophagy, cell

zs"'.

agglutination or in&nohiliz’ation of motile cells, said
method comprising:

(a) identifying a compound suitahle £for the
required control by the method as hereinbefore
defined; and

(b) binding said compound to said receptor sites
of said target cell.
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cdhcentratlon was 8x10[err]/n1 :
: gel | replicatipn

i s determ ned by t he i ncorporatlonlo

into DNA. Using this 9 't should be possible

preferential inhibition of uptake of [err]iithyn1d|n§

A third aspect of the present inventi
of a compound which is suitablé for the contfél of cell
autophagy, c¢ell agglizination or immobilization of
motlle cells by the m..10d as hereinbefore defined.

5 Preferably, the contrel of cellular function by the
present invention is by using compounds of the general
 formula (1): '

wherein:

either one of the dotted lines represents a double
10 bond, and the other a single dbond, or DYoth
represent single bonds; '

“aAY - represents a radical selected from the
following radicals of general formulae (II) to (V):
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k3 Below it is shown that solamargine, a glyc t
preferentially inhibits the uptake of tritiatledt
cells. In contrast, solamargine at equival ent clbncentration, _ard {t he
nono- and di-glycosi des of solasodine had a |imtkgd efﬁ@MAR)W
tritiated thymdine for other cell types, includi
| ynphocytes and | ynphocytes ' '

each of R* is a radical s
" the group comprising hydrogen, amino, oxo and OR*%;

each of R* is a radical separately selected £rom
5 the group comprising hydrogen, amino and OR*;

each of R® is a radical separately selected from
the group~ comprising hydrogen, alkyl and R*O-
alkylene;

: ‘each of R* is a radlical separately selected from
10 the group camprising hydrogen, carbohydrate and a
carbohydrate derivative; o

"X" 4is a radical selected from the group
comprising -CHz-, -0O- and -NH-.

For non-carbohydrate compounds of general formula 1),
the preferred compounds are solasodine, solanidine,
diosgenin, solangustidine, leptinidine,
solacohgestidine, solafloridine, demissidine,
soladulcidine, tomatidsnol, paniculidine, jurjubidine,
tigogenin, yamogenin and neotigogenin. '

|
ut

20 The more preferred compounds are solasodine and
solanidine. |

When the conmpounds of general formula (1) represent a
carbohydrate (such as a mono, oligo or polysaccharide)

or a derivative thereof, the preferred radicals R* are.

25 glyceric aldehyde; glycerose; erythrose; threose:
* ribose; arabinose; =xylose; lyxose; altrose; allose:
gulaose; mannose; glucase; idose ; galactose;
talose; rhamnose: dihydroxyacetone:; erythrulose;
ribulose;  xylulose;  psicose; fructose; sorbose;

30 tagatose; and other hexoses (CeH1206) 7 heptoses
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X
stimulated with Con A.  Also, the solasodine glycos
uptake of tritiated thym dine by |Iynphocytes stinujaged
The inhibition of tritiated thym dine uptake by solla
and di -gl ycosi des of sol asodi ne are dependent upon tihej
endogenous endocytic |ectins (EELS). The ., node of
sol asodi ne gl ycosi des, in particular sol ama?r gi ne, ap

wer e i nt ai ned\ SEESE) airieﬁ’ﬁﬁﬁﬁ%ﬁdlé‘i%ﬁ%@ PLP 9\ FiheBEa AL 800, £ ©
| sland Bi ol oglmow feizePyblh W@'@ with brthd chains
.et hyl pi per azi nefdy 2apibs8¢sHhREABLEse, streptose, cordycepose, mycarose
and cladinose); compounds wherein the aldehyde, ketone
S or hydroxyl groups have been substituted (eg N-acetyi,.'
acetyl, methyl, replacement of CH,OH): sugar alcohols:;
sugar acids; benzimidazoles; the enol salts of the
carbohyvdrates; sacchaxinic acids; sugar phasphates.

'The more preferred compounds are solasonine,
10 solamargine and solanine.

Other preferred compounds of the general formula (1) are
solanocapsine and 26-aminofurostane.

It will be appreciated that the various compounds

referred to throughout this specificatian may be chiral

15 apnd +the ©present :anent::kon relates both to the

‘individual stereocisomexs and to any mixtures therect

including mixtures of enantiomers and/or
diastercoisomers.

Although not  wishing to be bound by theory, the

20 proposed mechanism of autophagy induction by the
preferred compounds of the present invention wherein
all of +the radicals R* representt hydrogen is by
diffusion through the plasma membrane of the cell to

" interact either directly with the lysosome causing its
25 disruption or/and indirectly by inhibitian of
mitochondrial 'activity. When R* is other than hydrogen,
the mechanism ©f entry into the cell is by receptor
mediated endocytosis. .In the case of R representing
carbohydrate {ligand), the receptors are endogencus

30 lectins. '

R S
heet Has Been Replaced "THIS SHEET HAS BEEN

HII\I\llIII\H\\IlIHlI\




: 't

cid pH 7. 5 and supplenented with 10% heat i nactivatedfe | f serum
%FCS) (i) a human ovari an cancer cell line (C]F&E?LAQ@& ENT éﬁgjc ) | HeLa
cells, (ii) human fi brobl asts, and (|v) cell uslpegnsi on  of
Iyrrphobl astoid cells ( EBV transf or med th ,{) %QAR 19Wno ers were
trypsinized to forma cell suspension. All cel ensions weie| passed
t hrough a 21 gauge syringe needle to rem)ve celil Q-L-U—HGBS-" oviability).

Cel | concentra YRt eaftdis sl 1 MIQL&&&&ESEE.S/ Ak, 1& & daweRl ) S

e 00 i T etk LG b o«
37.5[err] C for vadi®iss ﬁbmpbuhdst,hex.ﬁdest i ehusf Tgsible &b tdeupkeotamy c
drug 1ol lowed by Lho agghlian pheBOLRES | PG /1 ledi¥id Hoer1-surtace
5 receptor) to specifically.induce autophagy and/or cell
agglutination or immobilization of different cell types.

Suitable ligamds other than carbohydrates include the

steroid and non-stercid hormones (eg, progestercne,

~ insulin, oestrogen, growth normone), growth factors,

10 polyamines, cytokines, lymphokines, lymphotoxins,

chalones., fatty acids and cholesterol - ie, essentially
any chemical messenger required for endocyteosis.

‘Once such a ligand has been identified and coupled to
-2 appropriate steroid derivative or cther compound,

15 administration +to the cell-containing host should
induce cell autophagy and/or cell agglutination or
immobilizatian.

It should be noted that_ it is not essential that the
aforesaid ligand be directly coupled to the said steraid
20 or other compound. For example, the said stercid or
other conmpound could be attached to one end of a
suitable organic o©or inorganic carrier, such as a
polymer, with the ligand coupled to the other end of the
carrier. This indirect coupling of the ligand to the
25 stercid or the like could provide a convenient delivery
system for the present invention when it is
inappropriate, for whatever reason, to directly couple

" the ligand to the active -compo::gent.

This ability to control .cellular function at will is
30 not evident £rom the current prior art.  Different
diseases reguire different treatment - a ftreatment
effective against sk:.n cancer is unlikely to be as
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tthymi di ne, in the sanme tissue culture nedia 21 ho
4 - later. _ Incubation was continued for a total
- includes the pre-incubation tine. :

10

15

20

25

30

E

effective against, for example, _
malignant cells have different receptors. For example,
although it is known that certain glycosides are
effective against certain cancers, these same glycosides
have not been assessed for their potential use against
other cancers nor has their mode of action been studied.
It is believed that the present inventors are the first
to have studied~this mode of action, identified those
receptor sites on "Yabnormal" cells which differ from
those on “normal" cells and by a suitable selection of
an appropriate compound, achieved a required control on
cellular function.

| For their use in practice, the compounds cof the present

invention are not generally employed Dby themselves.
Preferably,  they are used in a composition containing
one or more of the caompounds, in association with any
pharmaceutical~type .carrier or diluent which 1is
suitable for its administration. :

As used throughout the specification, the term “carrier
of diluent"® dénotes an organic or inorganic, natural or
synthetic material with which the active ingredient is
combined in order to facilitate the adwinistration of
the invention. This carrier or adiluent is, therefore,
generally inert and it must Dbe pharmaceutically
acceptable.

With the cellular controi available from the preasent
invention, it should be possible to target a particular
cell for destxuction or medification necessary in, for
example, the treatment of 'canc'.er, - gontraception,
termination of pregnancy, removal of pathogenic
organisms and removal of abnormal cellular growth.
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I ceIIs wer e harvested by vacuumflltratlon by waght of
each of phosphate buffered saline, 5%trichloroaceti cRﬁg @t'ﬁﬁl\s and
95% et hanol and subjected to B-scintillation countijn Sim | aril |,
peri pheral human bl ood | ynphocytes were isol ated an uI t1L5MG\R21990[e ]
| ynphocytes in COerr] 1640TCM 10% HI FCS. BPnphocytes were stinulated with -
20[err]g/m PHA, Con A or PW and cul tured for 48 hfs-ortowed by a 24 hr
pul se. I nhibitiBAuss &t 8t Sevatdy apRecta gk cEhR BTOF ’htl’a%‘f%%'élc’nr thee

| act osyl - al buni g @revaiTed gal andtded ObEr NaieSEndg St . celUPA) .

(C)J?I I tﬁgncg)r:tp(raﬁtlt | oni )ﬁengtg)é%o[grfr] /melba.l:?ztfll.;om Wﬁl 250i§r I | al Tgodydpm
{including humans), sald method comprising administering

5 to said animal a campound or a composition, hoth as
* hereinbefore defined.

Q
—_

The present J.nyent::.on should also be useful as a
dn.c.gnostn.c and. analytical tool whereby a coempound found
to selectively bind to a target cell could be initially

10 further modified to enable its detection by suitably
available 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 marking and
15 identifying a target cell said method comprising_:

(a) identifying a compound suitable to control
cell autophagy, cell agglutinatien or
immobilization of motile cells by the method
as hereinbefore defined;

20 .(h) " further modifying =aid compound to enable
detection of the thus modified compound;

{e) inducing cell autophagy, cell agglutinatian or
cell immobilization by the method as
hereinbefore defined; and

25 - .. (d) detecting said modified compound by any
T appropriate means.

Preferably, said compound is modified by further
conjugatioh with another compound, this other compound
being detectable by its f£luorescence or radicactivity.
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ﬁepl | cates were expressed as a percentage of th MACW%S@FEH

controls, and the nean val ue of the experinenta epl 1 cat es cal cpul at ed.
The SD of the controls did not exceed 10% of th i %[)MA@ t ot oxic
drugs studied -included chloranbucil (Signma Chem USA) 14 2ny
diluted in 50[err]l of DMSO inmediately befpre M,, crsprati ngm  (in
sal i ne sol ution) (David Bull Laboratories, {Australia), vinblasine

- (Sigma Cheni caborCcexamﬂxEé\) a Sedmsedhde oF ymélgeﬁex:&@.()fﬂbﬁrﬁhﬁﬁ (RYBQgnd

studies were | aPEseiafanbrsg. Aetlied CRRIEEL "he ol ERatled Ouitn) tne
: fluorescent reagent dansyl chlor:.de , or said compound
could be modified to incorporate the usual radiolabel(s)

' 5 known in the art. The thus modified compound could he
purified Dbefore its use in the induction of cell
autophagy, agglutination or immobilization and the
progress of the binding followed under a fluorescence
microscope or"E;dioactivity counter as applicadble. If

10 the binding is undertaken at a low temperature, the
internalization of the marked compound will he slaw
allowing the binding to be followed.

DETAILED DESCRYBPTION OF EMBODIMENTS

Specific details of the compounds and methods of the

15 present invention will now be  illustrated. The
technical ‘terms identified have the wusual meaning in
the art.

GENERAL

-

Solasodine glycosides can be isclated and purified as a

20 mixture (known as BEC) comprising solamargine (33%),
solasonine {33%) together with di- and mono-glycosides
{34%) or as separate components (Cura Nominees Pty Ltd,
Australia). and these compounds have been investigated
for the inhibition of cell replication of human cells,

25 ovarian cancer cells, melanoma cells, cells infected
with wviruses, normal £ibrcohlasts, normal bhope marrow

, cells, leukemic cells and normal lymphocytes. The
. inhibition of the glycosides *of solasodine have been
- demeonstrated with the appropriate “free" psugarz and
30. covalently bound to bovine serum aldbumin. The sugars
that have been investigated and shown to have inhibitory
effects on the action of the mixture of solasodine
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Supplied as a mixtuxe (BEC), and as separate co

- sol asonine, a mxture of di- and nono- gl ycosidéds
sol asodine. All cytotoxic drugs were further {djluted
before testing. 5x10[err] ovarian cancer cells {( OOIérW’}R anpe
chanber of m croscope slide (Lab Tek M| ers?d;ci.en IYic) wer :
Controls received 50[err]l H FCS/TCM a expeni mental chanbers

S0[err]l Of ARG UEoside%eo1iows: giae @ and B, NAc
' glucosamine WNAC glucose, mannase a« and B, NaAc
mannosamine NAc mannose, galactose a and B8 and the

" disaccharide lactose.

.—n—-—-"'""" -

qgml %mmfgu ne,

gg&(%

5 Chlorambucil (Sigma Chemical Co., USA), 1-2mg was
- dissolved in 50pl of DMSO and diluted immediately before
use in TCM + -I0% FCS. Cis-platinum was suppliéd as a
saline solution (David Bull Laboratories, Australia),
and was diluted with TCM + 10% FCS. Vinblastine (Sigma
10 Chemical Co., USA) was dissoclved in TCM + 10% FCS.

Solasodine glycosides, 100mg were dissolved in Sml DMSO™

and diluted with TCM + 10% FCS to give a 5% solution of
DMSO, and fuxrther diluted before use. Appropriate DMSQ
cytotoxicity studies were also conducted.

15 Peripheral blood humnan lymphocytes were isolated using
an Isopague-Ficoll gradient and cultured in replicates
‘of 10 in microwell titre plates. 2x10% lymphocytes/well
(1x10%/ml) 4in CO., 1640 tissue culture media supplemented
with 10% fetal calf serum containing 20zg/ml of

20 photchaemagglutinin (BPHA), concanavalin A (Con A) or
pokewsed nitrogen (PWM). This was cultured for 48 hours
and pulsed with tritiated thymidine for a further 24
hours. In the inhibition studies, the cell
concentration was 8x10%/ml. o

25 IR VITRO FREFERENTIAL CYTOTOXICITY FOR HUMAN CANCER .
CELLS :

-The inhibition of cell replication by steroid alkalcids
is determined by the inhibition of the incorporation of
°H thymidine into DNA. Using this technique, it should

30 be possible to monitor aly preferential inhibition of
uptake of *H thymidine by cancer cells.
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¢BEC) 1.5-3.8 [err]ML after 7 hrs preincubatiop, ~and |ncubate£7 or a

further 3 hrs. Simlarly, the cells were treated wijth tli]s g%y;
sol asodine 19.4-96.8 [err]ML. The cells were {fiix exafi med by
t he Papani col aou: net hod. : '

© 13

Below it is shown that solamargine, a glycoside of
‘solascdine, preferentially inhibits +the uptake of
tritiated +thymidine Yy cancer cells. In contrast,
solamargine at eguivalent concentration, and the mono-
5 and di-glycosides of solasadine had a limited effect on
the uptake of tritiated thymidine for other cell types,
including unstimulated lymphocytes and lymphocytes
stimulated with Con A. Also, the solascdine glycosides
do not 4inhibit the uptake of tritiated thymidine by
b lmphocytes stimulated with PHA or PWM. The inhibition
of tritiated thymidine uptake by solamargine and the
 mono- and &i-glycosides of solasodine are dependent upon
their cellular uptake by endogenous endocytic lectins
{EELs). The mode of action of the solasodine
15 glycosides, in particular solamargine, appears to be the
laduction of cell 1lysis, as determined by morpholegical
examination. :

Cells were maintained as monolayers in RPM1-1840 tissue
 culture media (Grant Island Biological Co) buffered
20 with N-2-hydroxy-ethylpiperazine-N-2-ethanesulphonic
acid pH 7.5 and supplemented with 10% heat inactivated
fetal calf serum (¥cS): {i) a human ovarian cancer cell
line (C180-135), (ii) Hela cells, (iii) human

. Eibroblasts, and (iv) as a cell suspension of
25 lymphoblastoid | ¢cells (EBV <transformed Jymphocytes).
Monolayers were trypsinized to forxm a cell suspension.
All cell suspensisns were passed through a 21 gauge
Syringe needle to remove cell clumps (95% viabiliey).
Cell concentration was adjusted to 2x105cells/ml, and

30 2x10* cells were added in replicates of 10 to the wells
"11x105/m1 well) of HA microtitre plates (Millipore
Corp., USA). The cells were preincubated at 37.5°C for

7 hours prior to the addition of 50ul of the cytotoxic
drug followed by the addition of 50ul 5ucCi/ml of *H

35 thymidine, in the same tissue culture media 21 hours

' ' EEN
This Sheet Has Been Replaced : ' 7riS SHEET HAS B |
|||l|||||||||l||||||||




Sol asomine at 11.3[err]ML was ineffective in inibit] %PLMMF&%
~tritiated thymdine by the various cell types relatijv to sol amar
~11.5[err]ML (Table 1). The m xture of di- and
14.45[err]ML were also ineffective for |ynphobl asoi
whereas they caused approxi mately 30%i nhj gi tion f
and fibroblasts (Table 1). The hi ghest coh

6[err] ML of d|

i bi 1 on 1 or L2608 popt ARRRSANRE - was COBEAERAT,

HEET

—+

ne at

not gl eRiRIEe7at

ells and HelLal clel | s,
r -evartan cancer kells
of BEC used _cq i ned

°§ #gar‘f’ 5&%0‘08/ 3I 0 be

entratio
woul,d

made with previlbbusrsi udhdch andlidesusheofprerdrndubatdbmaidenbi ity of. the

i ndi vi dual

gl ycosides, the mxture of sol asodine glycosides BEC was used

for further i nvest [ gat ions and the nolar

1ls were harvested by vacuum filtration by washing

in 250u) of each of phosphate buffered saline, 5%

5 trichloroacetic acid, 1.0M NaCl and 95% ethanol and

"subjected to A-scintillation counting. Similarly,

‘peripheral hunin blood lymphocytes were isolated and

cultured 2x10° lymphocytes in CO. 1640TCM 10% EIFCS.

Lymphocytes were stimulated with 20pg/ml PHA, Con A or

10 PWM, and cultured for 48 hrs followed by a 24 hr pulse.

Inhibition of cytotoxicity was carried out with lactose,

lactosyl-albumin, glucose, galactose or rhamnose (Sigma

Chemical Co., USA). Cell concentrations were 8x10“/well

total wvolume 250pl. The dpm of the experimental

+> repiizates were expressed as a percentage of the mean

value of the éontrols, and the mean value o©of the

experimental replicates calculated.  The SD of the
controls 4id not exceed 10% of their mean value.

Cytotoxic drugs studied -included chlorambucil (Sigma
20 Chemiecal Co., USA) )1-2mg diluted in 50u1l of DMSO
'immediately before use), cisplatinum (in saline
solution) (David Bull ILaboratories, Australia),
vinblasine (Sigma Chemical Co., USA), solasodine
glyccsides, 100mg in Sml DMSO &hd diluted to give a 5%
25 solution of DMSO. Appropriate DMSO cytotoxicity studies
were also - conducted. Solasodine glycosides were
supplied as a mixture (BEC), and as separate components,
Bolamargine, solasonine, a mixture of di- and mono-
' glycosides and the aglycone solasodine. All cytotoxic
30 Arugs were further diluted with HIFCS/TCM befare
testing. 5x10* ovarian gancer cells ' {200ul/chamber of
a chamber of microscope slide (T.ab Tek Miles Scientific}
were used. Controls received 50pl HIFCS/TCM and
experipental chambers 50ul of solasodine glycosides
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goncentration expressed in terms of the nost cyt ot o_"w conmpy
sol arrargl ne. In contrast to the other cells that g‘ﬁ' ¥

| ynphocytes stinmulated with Con A, and an absence o qgég@r;ifay;
| ynphocytes are stinulated wwth PHA or PWM (Tabl e 2}. S asoni ne s al so
found to be ineffective (Table 2). The conpositio m uged in
this investigation and the cytotoxicity of, EEC expr

nost active conponents, in this case, the 'ﬁ - and n®t

(BEC) 1.5-3.8 uM/L after 7 hrs preincubation, and
incubated for a further 3 hrs. Similarly, the cells
were treated with <the aglycone solasocdine 19,4-86.8
uM/L. The cells were £fixed and examined by the

5 Papanicolacu method.

Salasonine at 11.3uM/L was ineffective in inhibiting the
uptake of tritisted thymidine by the varicus cell types
relative to solamargine at 1l1.5uM/L (Table 1). The
mixture of di- and mono-glycosides at 14.45uM/L were

10 also ineffective for lymphoblasoid cells and Hela cells,
whereas they caused approximately 30% inhibition for
ovarian cancer cells and £fibraoblasts (Table 1). The
highest concentration of BEC used contained 6uM/L of di-
and mono~glycosides and this would account for 10%-12%

15 inhibition for susceptible cells. In  order that
camparisons could be made with previous studies, anad
because of the limited availability of the individual
glycosid.es, the mixture of solasodine glycosides BEC was
used for further a.-nvest:.ga.t:.ons and the molar

20 concentration expressed in terms of the most cytotoxic
component solamargine.

In contrast to the other cells that .have been
investigated, solamargine has limited cytotoxicity for
unstimulated lymphocytes and lymphocytes stimulated with

25 Con A, and an absence gf cytotoxicity wben lymphocytes

~ are stimulated with PHA or PWM (Table 2). Solasonine
was also found to be ineffective (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).
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36 Fromthe dose response curves (Figs. 1a,b, c%?’“ﬁft"?h%&m SHEET
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From the dose response curves (Figs. la,b,c,8), the
lethal dose (LD) of cytotoxics required ta inhibit 50%
{ID.o) uptake of <tritiated thymidine was determined.
The LDs, of the various cell types can be expressed as
a ratio relative to the LDs, of ovarian cancer cells, to
give a thymidine uptake ratic (TRas,). Therefore, TRso
values greater than 1.0 indica.te that more ovarian
cancer cells a-.i':'érkilled. relative to the othexr cell type
{Table 3). From Table 3, other TRso Can be calculated.
The TR., £for fibroblasts/lymphoblastoid cells in the
presence of vinblastine is 0.73, which demonstrates its
known cytoxicity to normal cells. Similarly, the TR”
for chlorambucil {alkylating) and cis-platinum (DNA
birnding) which ars used in the treatment of chronic
lymphatic leukemia (CLL) and ovarian <cancer
respectively, also reflects their known attendant
toxicity, although -~ that of chleorambucil is not
reflected by fibroblasts. However, in the case of
vinblastine or cis-platinum, the low TRso foOIr

£ibroblasts relative to ovarian cancer cells is evident

{Table 3). In contrast, sSolamargine gives a TRuo
greater than 2 for fibroblasts and lymphoblastoid cells
relative to ovarian cancer cells. This suggests that
solamargine has an acceptable degree of specificity for
ovarian cancer cells, and under these*® conditions is
superior to the other cytotoxic drugs. The specificity
of solamargine for ovarian cancer cells is also
reflected by the TRy, relative to Hela cells {Table 3).
In addition, the molar concentration of solamargine
that is reguired to achieve an IDso for ovarian cancer

. cells is 6-40 times less than that of the other

cytotoxics investi.ga.ted {Table 3).
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lethal dose (LD) of cytotoxics required to inhibit_50%(LD[err]) _uptake of

tritiated thym di ne was determ ned. The LD err] o :m,yq\pﬁvgypa Heet I_] types
can be expressed as a ratio relative to the LD erf] oVaf-+-ah—eancer
cells, to give a thym dine uptake ratio (TR err]) Therefor? [e*rr]
values - greater than 1.0 indicate that nore ovafih %9 '
killed relative to the other cell, type (Bable 3) From Tabl e 3 of her:
TR err] can be calculated. The TR err] for fibrob
in the presencene DD BBdbnnehes dbsE, revpanse e
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of chronic | ynpiratTable| dukenThe LDal )EomnBMNGoiRdigRtes Hpat they are

equivalent or more cytotoxic than the other anti-

5 neoplastic drugs investigated except in the case of PWM

stimulated lymphoeytes. The LDs, concentration for the

di- and mono-glycosides of solasodine (DMG} is

increased with stimulated lymphocytes, in particular

with PWM stimulation. Stimulated lymphocytes undergo a

10 number of changes, which includes and increase in plasma

membrane permeability, and this may account f£or the

variable LDz, for some of +the cytotoxic drugs

investigated. However, this situation does not appear

to apply to DMG. TFirstly, PHA and PWM stimulation of-

15 lymphocytes negates, rather than enhances the effect of

DMG. Similarly, this applies tec the effect of

solamargine and the absence of any effect of solasonine

on unstimulated and stimulated lymphocytes (Table 2).

Secondly, the only difference between the glycosides are

20 their carhohydrate moieties (glycecne), because they all

contain the same aglycone solascdine. This suggests

that the different effects of the glycosides on

unstimulated 2lymphocytes are due to the presence or
absence of different EELs.

25 CELLULAR UPTAKE BY ENDOCYTIC ENDOGENOUS LECTINS

A mixture of solasodine glycosides (BEC), of which the
dctive compound is solamarging and £from which the
aglycone solasodine is derived was prepared for use in
cytotoxicity assays as determined by the uptake of
30 tritiated thymidine. Inhibition studies were carried
out with lactose, lactosyl-albumin, galactose or
rhamnose (Sigma Chemical Cq., USA). All experimental
replicates were related to their own controls. Total
volume of replicates was 250nl (carbohydrates added in
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chl or anbuci | Is not reflected by fibrobl'g :
the case of vinblastine or cis-platinum the Idw| TR err]for

t hat of

fibroblasts relative to ovarian cancer cells is eviidgnt 1GTah helg?
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contrast, solanmargine gives a TRerr] greater thanj2 for fibr sfsjand
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also reflects their known attend

reflected by the TRlerr] relative to HeLa cells (Table 3). In addition,
.concentration of sol anargi ne
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A human ovarian cancer cell line (Cl80-135) was grown as
mono layers and trypsinized %o form a cell suspension.
The cells were adjusted to a concentration of 1x10%/ml
(viability 295%) and 200pl placed in each of the eight
chambers of mi&roscogxe chamber slides (Lab Tek, Miles
Scientific). After 21 hours preincubation at 37.5°C,
S0ul of supplemented tissue culture media were added to

the control chambers. To the other chambers were added.

S50ul of solasodine glycosides- (BEC) to give £ipal
concentrations of 3, 4.8, 6.7, 7.7, 9.6, 11.1 and 15.3
uUM/L. Similarly, to a separate chamber slide was added
the aglycone solasodine (19.4 - 96.8 uUM/L). The slides
»=i& incubated at 37.5°C for a further 3 hours, and the
cells fixed in 95% V/V alcohol and stained by the
Papanicolaou methed. Two other chamber slides were
prepared in a similar mamner, but the sclasodine
glycosides and the aglycone were added at a final
concentration of 0.77, 1.5, 2.3, 3.1 and 3.8 uM/L after
7 hours preincubation, and then incubated foxr a further
17 hours.

As the ovarian cells (CIB0-135) are more susceptible to
the cytotoxic effects of solamargine in the BEC mixture
of solasodine glycosides, these cells were selected as a
representative example of the response of susceptible
cells. Lysosomotropic drugs are weakly basic amines,
like solamargine, which can be trapped and accumulate as

.the protcnated {acidic) form in the lysosomes. This

results in the rupture of the lysosomal membranes and
the release of their protéclytic enzymes.

In order to observe any immobilization of spermatazoa,
sperm (10x10%/ml) (50ul) were placed onm a microscope
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slide separated from 50pl of solamargine (1 mg/ml) by
501 of eosin. A cover slip was then placed over the
slide. The drops spread out but do not mix with each
other to any great extent. This is a standard method
known in the art. It was noted that sperm was not
present on the side of the slide where the drop of
solasodine glycosides was placed.

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

a = ovarian cancer cells (Fig. 6 and Fig. 7)

a, = ovarian cancer cells in the presence of
lactose 1.luM/L (Fig. 6). '

ovarian cancer cells in the presence of

az =
lactosyl-albumin 1.1uM/L lactose (Fig. 6).
bed = HeLa cells, - lymphoblastoid cells and

fibroblasts respectively (Fig. 6 and Fig. 7).

Fig. 6: Top curve - effect of the aglycone solasodine.

Partial inhibition of solamargine cytotoxicity by
lactose and lactosyl-albumin is demonstrable for ovarian
cancer cells (Fig. 6). The lactosyl-albumin inhibitory .
effect is approximately 4 times that of lactose at

~ equivalent lactose concentration (Fig. 6). This is

because glycoconjugates have an increased affinity for
their corresponding 1lectin rxelative to unconjugated
carbohydrates. Similarly, lactose and galactose cause
partial inhibition of solamargine cytotoxicity for both
ovarian cancer cells and 1gmphoblastoid cells (Table 5).
In contrast, lactose and galactose completely inhibit
solamargine cytotoxicity -in the case of fibroblasts, and

-
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The LD[err] from the dose response curves (Figg. G b T llynphocyt es
have been cal cul ated and are presented in Table ﬁﬁ%ﬁgﬁt}’ [ SHE’Tfor DMG
i ndicates that they are equivalent or nore cytojokic than the of her anti -
neopl astic drugs investigated except in the casp pf FHMAR 1R ak e
| ynphocytes. The LD err] concentration for the
of- solasodine (DM5 is increased with sgbnul
particular wwith PWM stinulation. Stimulated |y
of changes, whi thhihitidas kandrhamnesee i alas lger(iRaipie i 5y,
and this may acegipholl {ENhIErE3ehE 1hDhinidal{d oPRMBCoRfugdis put
cytotoxic drugS T nvestigated. wever, this situation dges not _appear
undex certain conditions, <can Dbe identified by

galactose reactive lectins. Therefore, the  EEL
5 expressed by ¢ells susceptible to solamargine has
specificity for Gal{l»4)Glu({2-l1)Gal. It is therefore
" possible that lactpse may compete for this EEL, in tems
of the 1ac;tose group (Gal(i>4)Glu) and
galactose/rhamnose for <the terminal galactase

10 {((2»1)Gal). '

hoc

Similarly, these carbohydrate moieties of solamargine
may be identified by thelr correspending EEL's. This
latter situation appears +to apply to fibroblasts, as
solamargine cytotoxicity was completely inhibited by

1o iactose and galactose (Table 5). THowever, in the case
of Hela cells, solamé.igine cycotoxicity is nct inhibhited
by lactese and galactose. Further, solasonine, a
glyvcoside of solasodine, with a glycone moiety
Glu(l+3)Gal(2+1)Rh is not cytotoxic. This gives further

20 support £for the presence_' of an  EEL specific for
Gal(l>4)Glu(2+1)GAl. Wnether or not the partizl
inhibition of solamargine cytotoxicity by lactose and
galactose, in the case of ovarian cancer cells and
lymphoblastoid cells (Table 5), 1is the result of

25 cowpetitive inhibition or the presence of lactose and
galactose EELs, has not been elucidated.

The aglycone solasodine d4does not exert a cytotoxice
effect at equivalent concentrations of solamargine (Fig.

é) . However, at higher concentrations, there is an

30 increase in cytotoxicity, but this is more apparent with
ovarian cancer cells ( E‘igI 7). This may be explained by

the changes in membrane permeability of cancer cells.

It is possidble that 5olascdine, which is a wvery

. hydrophobic molecule, undergoes enhanced protein-hinding

his Sheet Has Been Replaced | THIS SHEET HAS BEEN

BT —




hl

to apply to DMa" Firstly, PHA and PWM stinmul ati
rat her than enhances the ef fect of DMG Siml
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Nevertheless, collectively, the results demonstrate the

- presence of EELs for solamargine.

The aglycone solasodine does not exert a cytotoxic
effect at equivalent concentrations of DMG. However, at
much higher concentrations, there 1is a substantial
effect on unstimulated lymphocytes, which is
significantly reduced in the case of stimulated
lymphocytes (Fig. 8e).  This suggests that membrane
permeability to the aglycone is decreased in stimulated
lymphocytes. However, this would not account for the
differential effact of the glycosides on unstimulated
and stimulated lymphocytes (Table 2, Figs. 8a,b,.c,d),
and inhibition by carbohydrates (Table 7). Thus,
collectively the results support the active uptake of
solasodine glycosides by EELs.

Glucose or rhamnose inhibit the action of DMG with Con A
stimulated lymphocyﬁes <{Teble 7). Since these
carbohydrates do not inhibit DMG with unstimnlated
lymphocytes, this suggests that Con A stimulation
results in the expression of EELs that react with
glucese and rhamnose. Thirdly, Con A stimulation gives
rise to a subpopulation of T suppressor cells (TS) that
inhibit helper T cells (TH) within the total population.
The TS cells produce soluble factors that inhibit TH
cell functions but <these suppressor factors can be
inhibited Dby N-acetylglucosamine or rhamnose by
cdmplexing the TH cell receptors. Therefore, one of the
soluble TS cell factors and/or Con A may be involved in
receptor (EEL) induction on TH cells. .

The aglycone solasodine 4id not have any observable
effect on the ovarian cancer cells at any of the
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A mxture of sol asodi ne gl ycosides (BEC), of which tihg active conpdqurid is
solamargine and from which the aglycone sol asodijng i 9 FIPARVEGF WS
prepared for use in cytotoxicity assays as determ ngqd jby the upt aﬁe of
tritiated thymdine. Inhibition studies were carrfi ed-out—w-tf—+adt ose,
| act osyl -al bumi n, gal act-ose or rhamose éil gma Chgmical Co., USA). A
experinmental replicates were related to thé&“r own controls. Total volune

of replicates ngnggg %ragilon(scaigggg r.%%%%dadgggj_gi.n 2A) ., In contrést,
with increasing concentration of the solasodine
glycosides (expressed as concentration of solamargine)
over 3 hours, the cytoplasm of the cancer cells undergo
5 dissolution, the ._nuclei contract_ and become dark
staining (Fig. 2B), nuclei then enlarge (Fig. 3A), the
chromatin clumps (Fig. 3B), and £finally the nuclei
disintegrate (Fig. 4A). Fig. 4B represents the effect
.~ of the solasodine glycosides over 17 hours, in which
10 cellular debris is left. It therefare appears that the
inhibition of thymidine uptake by solamargine is the
result of cell lysis.

Solamargine was also found to inhibit Thuman
spermatozoal motility (Fig. 5) as a red line of

15 demarcation between the sperm in tissue culture media
and the solamargine aliquot became visible as sperm
penetrated the boundary and then became immobilized
within 15 sec.

The immobilization of spermatozoa can result from the

20 inactivation 6f their mitochomdria, and in the case of
cells that contain lysosomes, this could lead to rupture
of the lysomal membranes. '

The preferential cancer cells ‘cytotoxicity
{lysosomotropic/mitachondrial inhibition) of solamargine
25 appears to be effective against both proliferating and
resting cancer cells, as evidenced by the absence of
cancer cells upon cytological examination ({Fig. 4B). In
addition, the 1lack of" lysosomotropic/mitochondrial
) inhibition by the aglycone solasodine, the triglycaside
30 solanine and the di- and mono-glycosides of solasodine
“indicates that the cellular uptake ©of solamargine is
possibly mediated by plasma membrane endocytic
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50[err]| tissue culture media + 10%fetal calf ser ury) REPIAGEMENE Eéﬁ:—l?

concentrations were 8x10[err]/ . A human ovarianijc ncer cett rln,.

(C180-135) was grown as nono |ayefrs and trypsinized|t .@ﬁ

suspension. The cells were adjusted to a concentratgo %% 1Im
23 )

endogenous lectins (EELs), specific for—the—eaxbehydrate
moiety of solamargine.

FLUORESCENCE ACTIVATED CELL SORTER ANALYSIS (FACS)

To verify the inhibition studies of the "free" sugars
'S5 and sugars cov;le.ntly bound to albumin (uptake of *H-
thymidine) were due to competition for endogenous lectin
receptors, FACS analysis was used. This involves the
use of sugar(s.) covalently bound to bovine serum
albumin and the fluorescent compound FITC (S-~Alb-FITC).
10 To 1x10°% cells, washed twice in phosphate buffered
saline pH 7.2 containing 10mg/ml of bovine serum
albumin, 1mM CaCl. and 0.5mM MgCl, was added 1.0ml of S~
Alb-FITC 200ug/ml in the same buffer and incubated for 1
hour., This experiment was conducted at two different
15 temperatures, 4°C and ambient temperature (RT). At 4°C
the endogenous lectins would underge endocytosis
{internalization by the cells) at a slower rate when
camplexed to S-Alb-FITC relative to that at RT. Thus a
greater percentage of fluorescence should be expressed
20 at RT, unless the cells were expressing excessive
amounts of endogenaus lectins.

The data for the lactose specific lectin receptor is
pPresented in Table 6 £for a number of cell types.
INBEIBITION OF CYTOTOXICITY BY RHAMNOSE IN MICE WITH
25 SarcoMA 180
Rhamnose is not found in mammalian glycoconjugates but
~forms part of solasonine, solamargine and dig]_.ycosides
of solascdine in BEC. ' .If specific receptors for this
sugar are present on cancer cells (absolutely or in
30 greater abundance) relative to normal cells, then

rhamnose would be expected to inhibit the cytotoxic
effects of BEC.
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J(viability [err]95% and 200[err]l placed in each pf~tte g ght chanbers of
m croscope chanber slides (Lab Tek, Mles Scientifitg). $f&§%1@3; hioulr s
prei ncubation at 37.5[err]C, 50[err]l of ‘suppl eneht gd 1( cul turke nedia
were added to the control chambers. To the otherjcl :
50[err]l of solasodine glycosides (BEQ4to gi) e fi naI concentrptions
of 3, 4.8, 6.7, 7.7, 9.6, 11.1 and 15.3 [err]M L. 'Srntarty,—T0 a Separate
chanber slide Beowdibdishshaknytbas shamnesiehdntidits ‘@B? eiticamr L of

The slides vergpéncHiat et @ﬂe%gll&]c@ufeors@xéswamé 8sheiyts, effélct{ge
cells fixed in .95%V/V. al c%& nﬂ st ai n§§ b th%%%rgcol aou rrethod
Two ot her chan®eFinski IR & 00e‘par B A2
sol asodi ne gl yinsitlesir anterniireal agdt;mewnmr eSaddedcant taléraaé and
5 Dbecome symptom-free of cancer by a large single dose of
BEC. The mice tolerate BEC at concentrations which are
equivalent to 3 .times the LD.oo Of control normal mice.

Herston White mice with a body weight of approximately
30g and aged 8-10 weeks served as recipients. Twelve
10 mice were randomly chosen for each experimental group.
Sarcoma 180 tumour cells (5x10®) were inoculated
intraperitoneally into mice. This caused a mortality of
100% with a median survival time of 20 days in the
contrel groups. A standard mixture of glycoalkaleoids
15 (BEC) was dissclved in dimethylsulfoxide at a
concentration of 0.5g BEC/lO'Dml dimethylsulfoxide.
Similar solutions were made up but also contained
0.3125, 0.625 and 0.9375g of rhamnose. These solutions
were administered intraperitoneally in concentrations ‘of
20 8mg/kg animal weight for BEC (Fig. 9) without (~a=), and
with Smg {~a =), 10mg (=-=) and 15mg (-A -) rhamnose/kg
animal weight. The £irst dose was given 0.5 hours after
administration of the Sarcoma 180 tumour cells. The
remaining three doses were given at daily intervals.
25 Dimethylsulfoxide and rhammose had no effect on Sarcoma
1B0 activity in the absence of BEC {-0-).

Using similar conditions to those describhed in Fig. 9,
.single high doses of BEC (Fig. 10) 25mg/kg (-0-),
".50mg/kg (-v-), and 100mg/kg (- ®W -) were administered
30 intraperitoneally 12 days after inoculation of the
- Sarcoma 180 tumour cells (arrow), that is, one day
before the animals en'_ceJ; into the terminal stage.
Dimethylsuphoxide had no effect on Sarcoma 180 activity
and all animals died in 20 days :"(-o-),
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concentration of 0. 77, 1.5, 2.3, 3.1 and 3.8 [err] L%?__,ﬁm WT"ET
prei ncubati on, and then i ncubated for a further 17 Hoyrs. As the varian
cel I's (C180- 135) are nore susceptible to the cytotoXi q efif:daR B
solamargine in the BEC m xture of sol asodi ne gl ycosijdgs, these cellg Were
sel ected as a representative exanpl e of the respons susceptl bl e cql | s.
Lysosonotropi c drugs are weakly basic ami n®8 |ike spl amar gi ne,.. whi-eh-can
be trapped and accunul ate as the protonated (acidic)_ Tormin the

| ysosonmes. Thi Figesf t 1iustmatesptihat otheh&uryiyadndt mhee awésha$d 80he

rel ease of thei L RLQLEOI ¥ikh €PZ¥B¥es of B8mg BEC/kg was dependent on
' given doses of rhamnose. Mice inoculated with S180
cells alone died in 2-3 weeks. When four ‘doses of BEC
5 at Bmg/kg were given. on consecutive days, complete
inhibition of S1B80 activity was achieved and all the
animals survived.  The number af survivals was
decreased with increasing concentrations of zxhamnose.
Five mg rhamnose/kg decreased the survival to 75%,
10 whereas 10mg rhamnose/kg decreased the suxrvival to 50%
and 15mg rhamnose/kg decreased the survival to 42%.
This indicates that rhamnose may competitively inhibit
 the efficacy of BEC. Similar concentrations of rhammose
or glucose have no effects on S180 activity in the
15 absence of BEC. These ocbservations suggest that the
pinding of solasodine glycosides on tumour cells may be
mediated through the monosaccharide rhamnose, which
forms part of solasonine, solamargine and diglycosides
of solasodine in BEC,

20 In all reported in vivo studies with €180, BEC was
‘injected before the terminal phase. Fig. 10 illustrates
the effect of single doses of varying concentrations of
.BEC on the absolute survival of mice which had the Si80
tumour for 12 days, that is, one day befo:.:e---the animals

25 enter into the terminal stage. 21) animals inoculated

. with S180 and noct treated with BEC died. The survival
time is increased with a dose of 25mg/kg. However, at
day 30,' all the mice had died. The survival time and
-'r’anber of survivors were J.ncreased with increasing

30 ‘concentrations of BEC, anc‘z 17% were symptom-free with &
given dose of 50mg/kg, ‘whereas 42% were symptom=£free

" with a given dose of 100mg/kg. '

Thare are two :meorta.n.t observatiéms to note frcm these

results. . } : Fm
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The first is that animals which are in their terminal
stage can be rendered symptom-free of S180 by BEC
therapy.

The second is that the animals can tolerate very high

doses of BEC., - It is Xnown that the IDg,

.(intraperitonealy~of BEC in mice is 30mg/kg for single

dases and the LD.oo is 35mg/kRg. Thus, in the present
studies, it is shown that if the mice suffered from
advanced S$180 activity, virtually three times the ID.go
of BEC for normal mice can he tolerated. This important
observation has not Dbeen reported with other
antineoplastic drugs.

This lack of toxicity may be due to increased plasma ox
tissue enzymatic activity, resulting in hydrolysis of
the sugars from the solasodine. Solasodine is
relatively non-toxic 3in mice (100mg solasodine/kg-

which is eguivalent to approximately 200mg BEC/kg - does

not produce any deaths in mice). However, +this is
unlikely, since solasodine at similar concentrations
(100mg/kg) is not effective in inhibiting S180 activity
in mice, and Fig. 10 shows clearly that S180 activity
was inhibited by the egquivalent concentration of BEC.
Alternatively, and a more likely explanation, is that
the S180 cells which are in great abundance in the
ascitic £luid of the mice 12 days after inoculation of
S180 cells, recognize and hind BEC hy means of specific
receptors {endogenous lecting), reducing the
Yiocavailability of BEC to nomal cells, which in turn

‘reduces the taxicity of BEC. Furthermore, <this

explanation is supported by the fact that BEC inhibits

"S180 activity even though_the animals are suffering from

advanced S180 activity. At this advanced stage, BEC, at
concentrations less than 25mg/kg is not effective in

inhibiting S180 activity.  These results provide
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19 slide separated from50[err]l of solamargine (1 ng/m ) by 5[err]l of
eosin. A cover slip was then placed over the slide. The drops spread out
but do not mix with each other to any great extent. This is a standard

met hod known in the art. It was noted that spermwas not present on the.
side of the slide where the drop of sol asodi ne gl ycosi des 'was pl aced. The
results are presented in Tables 5 and 7 Eygs. 5 6 and 7. The | egend for
Figs. 6 and 7 is as foll ows:

evidence that BEC selectively destroys tumour cells
relative to normal cells and the mode af entry of BEC
into tumour cells appears to be mediated by the sugar
moiety of the solasodine glycosides.
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ovarian cancer cells (Fig. 6 and Fig. 7)

a = _ al erkx Hwbﬁ?@v§muan
cancer cells in the presence of | act ose 1. [ ¥ 4
aferr] = ovarian cancer cells in the presence] df
| actosyl-albumin 1.1[err]ML lactose (Fig. 6). bed 4 | HAGRMABEWE, |-
| ynphobl ast oi d cells and fibroblasts respecgtilvely (Fig. 6 _gna
Fig. 7). 28
Table 1
Percentage Cell Survival in the Presence of -
Solasodine Glycosides :
Percentage Survival: Cell Type
ovCa HeLa LCL FB

BEC 0.6 + 0.1 27 + 7. 54 + 4 48 + 6

12.42pM/1 |

Solamargine 7 + 0.8 2.6 + 0.5 35 + 4.2 - 23 + 1.7

11.5uM/L

Solasonine 93 #+ 8.0 105 + 9.5 117 4+ 8.0 96 + 8.3

di- & mono- 71 + 9.0 94 + 8.3 97 + 11.0 76 + 5.7

‘glycosides .

14.45uM/L

OvCa = ovarian cancer cells:;

Hela = Hela cells;

LCL = lymphoblastoid cells;

= fibroblasts.
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Fig. 6: Top curve - effect of the aglycone sol asodi n¢

inhi-bition of solamargine cytotoxicity by |lactoseja

is denonstrable for ovarian cancer cells (Fig. 6).
inhibitory effect is approximately 4 tinmes that of

| act ose concentration . (Fig. 6). This is because gl
I ncreased affinity for their correspondi | ectin rel

The
| att
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nd | act osyl - al pum n
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pse at equi val gn}

ycoconj ugat es have} an
htive t o uncaoni yaal ed

carbohydrates. Simlarly, |actose anqrggigc&ose cause partial inhibition

of sol amargi ne cytotoxicity for both

Percentage Survival of Unst;mulated and Stimulated
Lymphocytes in the Presence of Solasodine Glycosides

Percentage Survival

5.G. " us PHA Con A PWM
BEC

12.42uM/L 6317 95+4 90+8 100+7.5
So0lam |

11.5pM/L = 76%9.6 93+4.4 79+4 93+5.4
Solas '

11.3uM/L 97+11.8 103+5.7 9747 110+3.8
DMG _ _

14.45uM/L  40+4.6 93+4.2 5745 103+9.7

n =10

8G = solasodine glycosides
BEC = Solam, Solas and DMG
Solam = Solamargine'

Solas = solasonine _

DMG = di- and mono-glycosides
US = unstimulated lymphocytes

THIS SHEET HAS BEEN |
REPLACED

PHA, Con A and PWM = stimulated lymphocytes
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si nhi bition by rhamose is al so denonstrabl e (Tabl g—5)

Sy RNt g@tﬁTs not
found in manmal i an gl ycoconj ugates, but under cdr BaPL g PT sS4 can

be identified- by galactose reactive |lectins.

Gl (1->4) Q3 u(2->1)Gal. It is therefore possible t

Therefore,} jthe
EEL expressed by cells susceptible to sol amargi ng has q 3MAR 99¢i tiy if or
h

for this EEL, in ternms of the lactose group
gal act ose/ rhamose for the teBkinal galactose]((3->1)Gl).

Iactose may jcgnpet e
H-Cattt=——273a0) and

Simlarly, these carbohydrate noieties of sol amargrme

Table 4

LDso_Concentration of Cvtotoxic Drugs for

Unstimulated and Stimulated Lymphacytes
CB cy vB DMG
7T um/L UM/L uM/L 1M/ L
us - 33.0 21.0 o 11.0 6.4
PuA 24.6 17.0 : 19.2- 14.8"
Con A 33.0 11.0 7.8-- 11.277
R 186.0°""

PWM 22.0 9.0 10,

US = unstimulated lymphocytes

PHA, Con A and PWM = stimulated lymphocytes

B = chlorambucil
CP = cis-platinum
VB = vinblastine

DMG = 4i and mono-~glyeosides ©of sclasodine

*  extrapolation r =

"® extrapolation r = -0.91 p = 0.01

“T% extrapolation r = -0.8% p = <0.02

- extrapolation r = -0.811 p = 0.05
" -- extrapolation r = ~0.94 P = <0.01

This Sheet Has Been Replaced
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0.02 (from Fig.la)
{from Fig. l1a)

>0.01 {from Fig. la)
(from Fig. lc) '
>0.001 (from Fig. l¢)
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may be identified by their corresponding EEL's. This latter situation
appears to apply to fibroblasts, as sol amargi ne cytotoxicity was conpletely
inhibited by | actose and gal actose (Table 5). However, in the case of HelLa
~cells, solamargine cytotoxicity is not inhibited by |actose and

gal act ose. Further, solasonine, a glycoside of ,solasodine, wth a
glycone noiety GQu(l->3)Gl (2->1)Rh iws, not cytotoxic. This gives further
support for the presence of an EEL specific for Gl (1->4)d u(2->1)GAl .
Whether or not the partial inhibition of solamargine cytotoxicity by

| act ose and -gal actose, in the case of ovarian cancer cells and

oblastoid cells abl e , IS e res ~0f jcompetitive inhibition or
| hobl toid [ 1 Tab 5 th ult ~of tit hi bi t
P oD .
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»gal act ose EELs, has not been elucidated. The aglycone sol asodi ne does
not exert a cytotoxic effect at equivalent concentrations of solanargine
(Fig. 6). "However, at higher concentrations, there is an increase in. .
cytotoxicity, but thIS s nore apparent with ovarian cancer cells (Fig. 7).
Thi s may be expl ai ned by the changes in nenbrane perneability of cancer
cells. It is po ssible that solasodine, which is a very hydrophobic
nol ecul e, under goes enhanced protein-bi ndi ngy

‘Table 6

FACS analysis of percentage of cells with
lactose lectin xeceptors

CELL TYPE - 4°C RT
viral infected cells  49% 55%
Ovarian cancer cells 67% 83%
Fibroblasts - 29% 33%
Lymphocytes 27% 43%
Lymphocytes stimulated . 52% 72%
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becone
the results

col l ectively,

" Cytotoxic effects therefore

Nevert hel ess,

concentrati ons.
denonstrate the presence of EELs for sol amargine.

»and thus reduces its bioavailability.

apparent at higher
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»The agl ycone sol asodi ne does not exert a cytotoxic effect
concentrations of DMG However, at nuch hi gher concentratidng, there is a
substantial effect on. unstinulated [|ynphocytes, which {i g si@MERCEOVIY
reduced in the case of stimulated [ynmphocytes (Fig. . This

suggests that nmenbrane perneability to the aglycone is decrjeaset=im
stinul ated | ynphocytes. However, this would not account f
differential effect of the gl yCOSIdeS on @&stimul ated and stTT

S R e et S TR i
sol asodi ne gl yeediXi¢papy Ehhtophagy (self-digestion) and/or cell
'agglutination or immobilization. These effects of such
alkaloids are greatly enhanced when conjugated to @
5 certain ligands, particularly carbohydrates (glycocon-
jugates). The invention is particularly effective if
the cell to *be targeted possesses receptors that
recognise a rhamnose — or a rhamnose-like - residue. By
 conjugating different ligands to these. alkaloids, it is
10 possible to induce autophagy and/or cell agglutination
or immobilization of specific cell types.

‘The most cytotoxic compound is _solamargine.,' the dose
required to inhibit DNA synthesis by 50% (LDse) of an
ovarian cancer cell lihe and HelLa cells being 1.5 - 3.3
times less than that required for lymphoblastaid cells
and fibroblasts. The effective LDse of solamargine is
6~40 times less than that of vinblastine, chlorambucil
or cis-platinum, compounds that are egqually or more
cytotoxic to normal cells relative to cancer cells.

+-
ur

20 Althoﬁgh it is known that neoglycoprotein conjugates of
cytotoxic drugs may be suitable for targeting of cells
via EELs, this knawn art has only uwsed mome- or di-
saccharide .conjugates for this targeting of ERLs which
are also expressed by various normal cells.

25 Further, such prior art drugs are limited to the
treatment of one type of malady and it is not possible
".tp predict the effectiveness _of such drugs in the
‘treatment of a different type.
In contrast, the present invention demomstrates, Ainter
30 alia, a more complex EEL on a ovarian cancer cell line
and Hela cells for .' the trisaccharide

Sheet Has Been Replaced
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Iynphocytes

(Table 7). Since these carbohyor
DMG with wunstinmulated | ynphocytes, this suggests thal
results in the expression of EELs that react with gl
Thirdly, Con A stinulation gives rise to asgubpopu
cells (TS) that
The TS cells pr@ﬂycf $p6UEkE 19Ga,s abatweldi kig
t hese suppressor
rhammose by con$f
soluble TS cell

inhibit helper T cells (TH wthin t

factors can ‘be inhibited by N—acetyl gI ucosam ne or
13FF@SBhe TH cell receptors. Therefore, one of the
factors and/or Con A may be involved in receptor (EEL)

induction on THyLEl I Srasence of an EEL for a trisaccharide such as

10

15

20°

25

30

rhamnose is surprising as rhammose is a plant sugar and
is not geperally known to occur in mammaljan cells.

It is believed thit the present inventors are the first
td_ demonstrate that an EEL for a trisaccharide occurs on-
cancer cells relative to normal cells such that the
difference in EEL expression can be exploited £or
increased specific targe_-.ti.ng of cytotoxic
glycoconjugates.

In this regard, given the lack of toxicity of solasodine
glycosides relative to other cytotoxic drugs, the unique
mode of action, the ability to be targeted via EELs and
the potential to produce synthetic glycoconjugates of
solasodine with enhanced specificity, <the present
invention should be of particular importance in cancer
chemotherapy.

The present invention is expected to be of great value
in the control of cellular function in all types of
vertebrates or invertebrates, including bacteris,
viruses, protozoa and fungi +~ for example, 1in the
control of pathogenic organisms in blood, lymph and
tissue; any new growth of tissue or tissue that is in an
ectopic site; embryonic cells; non-malignant and
malignant cells; spermatazoa and semen: ova; and for
the control of biochemical manufacturing processes.

Further, it follows that the present invention can be

‘'used to prevent cell autopbagy and/or cell agglutination

or immobilizatien but ct_xa_nge cellular metabolism - £for
example, the production of a tumour necrosis factor by

heet Has Been Replaced
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»The agl ycone sol asodi ne did not have any observable effect
ovarlan cancer cells at any of the

37

on the

cells, such as macrophages, and/or inhibition

cellular metabolism and catabolism.

It will be appreciated that the above experimental
results are given by way of exemplification of the
5 invention only and that changes may be made to the
details set out’ therein witbhout departing £rom the

inventive concept as defined in the following claims.
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xconcentrati ons I nvesti gat ed (Fig 2A) ~In contrast,

with increasing

concentration of the solasodine glyc03|des (expressed as concentration
of sol amargine) over 3 hours, the cytoplasmof the cancer cells undergo
di ssolution, the nuclei contract a _becone dark staining—Fi

nuclei then enlarge (Fig. 3A), the chrdmatin clumps (
finally the nuclei disintegrate (Fig. 4A). Fig. 4B repr
of the sol asodi ne gl ycosides :over 17 hours, in which cell

left. It therefore appears. that tARYGOARBALQIRS of thynik

sol amargine is the result of cell lysis.
' ABSTRACT

The invehtion_ is directed te the

i QEPL ﬁB}\ﬁEVTa%F—ET

erats—the er 1 edt

Iardgsgﬁ%gqu

control of

cellular autophagy, cellular agglutination and the

"immobilization of motile cells. Such
MV
useful in, é@' example, the treatment

contraception, termination of pregnancy,

control is
of cancer,

removal of

pathogenic organisms and removal of any abnormal

cellular growth (malignant or otherwise); as a

diagnostic and analytical tool whereby cell structure

can be studied and testing could be undertaken for the

presence (and subsequent analysis) of pathogenic and

non-pathogenic organisms; and in the manufacture of

biochemicals whereby certain cells must be destroyed

or otherwise contained. From surface analysis of

normal and abnormal cells, specific receptors on

abnormal cells which are either not present on normal

cells or are only' present 1ns:gn1ficantly reduced

numbers can be identifzed. Alkaloids

and other

pharmaceutically acceptable compounds are

preferentially recognised by the abnormal

cells, and

which bind thereto and subsequently destroy.

FIGURE 1A
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Solanarglne was_ .also found to |nh|b|t human sper mat 0zo ' A
{Fig. 5 as Iﬁﬁ mﬁ’ﬁﬁ“iﬁ arcation between the spefigep ki EMEN SHEE
cul ture nedia and e aliqout becane visible as ]
penetrated the b becane i mobi | ized withih 15 Sxﬁ-ﬁeﬁg‘ﬁhe

nb
t hi

cancer

m tochondria, and in the case of cells-.-that contain Iysoso
| ead to ruptTHE: CHATMS msmmmc;n'mhrmmmhe ARaoms‘ FOLTO

cells cytot OXI C|I{ymgt\ﬁs%sog8t ropj {g_é&g&&ﬂd; [ % mp%mn%! tg A

sol amar gi ne e to

control cell autophagy, c¢ell agglutination or
immobilization of motile cells,

said compound being of the general formula (1):

S SHEET HAS BEEN
REPLACED

wherein:

either one of the dotted lines represents a double
bond, and the other a single bond, or both
represent single bonds; '

"A" represents a radical selected from the
following radicals of general formulae (II) to (V):

AL



nBERIACEMEYT HiRES

«c el This Sh Ihlﬂs aﬁﬁﬁﬂﬁﬁs%ﬁ:bﬁa cer cells gpqmcytol ogi cal
exa | n_adeirtisenp | ack of JUL 1997
Iyso chon F1ar rmhrbrtTomby the agl ydone so,ﬁ asodi ne, {tH
triglycoside sol anine and the di- and npgo-gl ycosi dgs lof—set-asodrme

appears toﬁﬁ Eﬁ&al ve_against both proliferating

I ndi cates that the cellular uptake of solamargine is| possibly nediate

plasma nenbrane egRHOBY¥! RS is a radical separately Selected from

the group comprising hydrogen, amino, oxo and OR%;

each of R2® is a radical separately selected from
the group comprising hydrogen, amino and OR*;

each of R® is a radical separately selected from
the group comprising hydrogen, alkyl and R*O-
alkylene; '

each of R* is a radical separately selected from
the group comprising hydrogen, carbohydrate and a
carbohydrate derivative; '

"X" is a radical selected from the group comprising
-CH,-, -0- and -NH-;

said method comprising:

(a) identifying receptor sites for said compound
on the surface of a target cell which are
either not present or only present in
significantly reduced numbers on the surface
of a non-target cell; and

(b) selecting said cbmpound which will selectively
bind to said receptor sites of said target
cell and which will exert said control.

2. A method to control cell autophagy, cel]:
agglutination or immobilization of motile cells,
said method comprising:

(a) identifying a compound suitable for the

required ccnt_rol by the method as defined in
Claim 1; and

*= ¢ L M 5 x |
i

d by



,ZB/enéegﬁ'rous‘FEEti ns (EELs),

i

3.

specific for the carbohyd atPi P%EME}NTOWEET

epﬁhddO?ESCENCE ACTI VATED CELL SORTER ANALYSIS{( FACS) T0
""" k@] free” sugars and sygars1doyiay g9d7
M\m(u tﬁﬂ%gﬂlﬁ“L%H)] thymi di ne) were due fojconpetifion

y
f

40

(b) binding said compound to said receptor sites
of said target cell.

A method for the treatment of cancer,
contraception, termination of pregnancy, removal of
pathogenic organisms or removal of abnormal
cellular growth, said method comprising identifying
a compound by the method as defined in Glaim 1 and
administering sai& campound to a patient requiring
treatment.

A method of inducing cell autophagy, cell
agglutination or immobilization within an animal
body (including humans), said method comprising
identifying a compound by the method as defined in
Claim 1 and administering said compound to a
patient requiring treatment.

A method of marking and identifying a target cell
said method comprising:

(a) identifying a compound suitable to control
cell autophagy, cell agglutination or
immobilization of motile cells by the method
as defined in Claim 1;

(b) further modifying said compound to enable
detection of the thus modified compound;

(c) inducing cell aﬁtophagy, cell agglutination or
cell immobilization; and

(d) detecting said modified compound by any
appropriate means.

A R




{
receptors, :FACS anal ysis was used. This involves q
‘covalently boundhxstSbeetM\Bpwéleplwﬁum al bumn and t

FI TC (S-Al b-FI TC ceIIs washed tw g a
' C of bovi ne :
and 0.5mM MyCl [err mas ' 1 Oni of S— Al b- FI TC §20

buf fer and incubated for 1 hour Thi s 4 peri nment

Yot oiane SRR0 T BIBSHC! ' bbbt ally by

saline pH 7.2

di fferent t gnper

t he endogenous

f | uor escent ca

rium al bum n,
Ol err]g/m

1
I'n

n bhekBhBH Huf]

| ACFMEMY S}
eREP‘.AgEME%S, Sﬁg%;%’r.( )

the cells) at a tamprundt e.svvrmdtﬁnpﬂemd farﬁhélrb &Hﬁqﬂmmveﬂm t hat
at RT. Thus a grflfé Per%&f fk: g_rescggﬁgrshogéngp (fxplj'aessed at

RT, unless the ce

7.

A A 1

S Were. expressing ex eSS|ve
detectable by its fluorescence or radioactivity.

A method as defined in Claim 6, wherein said
compound is reacted with a fluorescent reagent, or
wherein said compound is modified to incorporate a
radiolabel(s).

A method as defined in Claim 1 or Claim 2 wherein
said compound is selected from the group comprising
progesterone, insulin, oestrogen, growth hormone,
growth factors, polyamines, cytokines, lymphokines,
lymphotoxins, <chalones, fatty acids and
cholesterol.

A method as defined in any one of Claims 1 to 8
wherein said radical R* is selected from the group
comprising glyceric aldehyde; glycerose;
erythrose; threose; ribose; arabinose; xylose;
lyxose; altroée; allose; gulose; mannose;
glucose; idose; galactose; talose; rhamnose;
dihydroxyacetone; erythrulose; "ribulose;
xylulose; psicose; fructose; sorbose; tagatose;
and other hexoses (CgH.20¢), heptoses (C,H,.0,),
octoses (CgH,s0s), nanoses (CgH.g0s) and decoses
(C10H20010); deoxysugars with branched chains (such
as, apiose, hamamelose, streptose, cordycepose,
mycarose and c¢ladinose); compounds wherein the
aldehyde, ketone or hydroxyl groups have beeﬁ
substituted (such as with N-acetyl, acetyl,_methyl}

replacement of CH,0H); sugar alcohols; sugar
acids; benzimidazoles; the enol salts of the
carbohydrates; saccharinic acids; and sugar
phosphates.

THIS SHEET HAS BEEN
REPLACED




anount s of ; endogenous tectins——The data for the aggq;@EMﬁﬁcﬁﬁﬁéTl=ctin

receptor is presmam&&IhQBéﬁﬂ_ 6, for a nunber of c¢l —+ypes—TNH| B

g °R§1 CE W TH SARCOVA 180 &mﬁs@ﬁs not

OF CYTOTOXI G TY
found in mamal i
sol amar gi ne and
for this

10.

11.

12.

13.

tes but fornms part @f
sol asodizne in BEC. {lfi_ specific pt

A method as defined in any one of Claims 1 to 9,
wherein said cdmpoumﬂ is selected from the group
comprising solasodine, solanidine, diosgenin,
solangustidine, leptinidine, solacongestidine,
solafloridine, demissidine, soladulcidine,
tomatidenol, paniculidine, jurjubidine, tigogenin,
yamogenin, neotigogenin, solanocapsine, 26-
aminofurostane, and a glycoside of any one thereof.

A method as defined in Claim 10, wherein said
compound is selected from the group comprising
solasodine, solanidine, solasonine, solamargine and
solanine.

A method as defined in Claim 11, wherein said
compound is solamargine.

Compounds of the general formula (1):

wherein:

either one of the dotted lines represents a double
bond, and the other a single bond, or both
represent single bonds;

THIS SHEET HAS BEEN
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sugar are present S8 yag dglabsolutely or in greater abundapce)
Telative to norma nﬁﬁlﬁe‘enll I'I earmose woul d be EEA@%@\H $WitETbilt t he

cytotoxic effects
"A" repreésénts a radical sélécted

" from th

=-
-3
() (V) ;
each of R* is a radical separately selected from
the group comprising hydrogen, amino, oxo and OR*;

each of R2? is a radical separately selected from
the group comprising hydrogen, amino and OR*;

each of R® is a radical separately selected from
the group comprising hydrogen, alkyl and R*O-
alkylene;

each of R* is a radical separately selected from
the group comprising hydrogen, carbohydrate and a

carbohydrate derivative;

"X" is a radical selected from the group compr:.sz.ng
-CH;-, -0- and -NH-;

when used in a method as defined in any one of:

Claims 1 to 12.
THIS SHEET HAS BogN
REPLACED
L




Below it i5 shown {iiadhed: Aaymraskeplatdai bi ts the efficacy of EEC, and that the

‘agl ycone sol asodi ne || tive against murine S180. It is also
denonstrat ed t hat ﬂﬂlﬂlﬂlmll d iiMltermnal stage with S180 can tolerate
and becone synpto by a | arge single dose of BEC. The

mce tolerate BEC at concetrations whicfyare equivalent to 3 tines the
LD[err] of control normal mce. Herston White mce with a body wei ght of

approxi mat ellyd. 30y meg¢hageds8- HefoRiS SArVeTaph Heckebsphstiallpl W nice

were randomy chgsen for each experipental group. Sarcoma 180 ~tunour
cells (5x10[err] er cgesq:;] € ayéagere er%nce to the Examples.

15. A method as defined in Claim 2 - substantially as
hereindescribed with reference to the Examples.
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isntraperitoneally into mice. This caused a nortality of 100%w th a nedian

survival tine of 20 days in the control groups. A standard m xture of

gl ycoal kal oids (BEC) was dissolved in di ret hyl sul foxide at a

concentration of 0.5g BEC/ 100m dinethylsulfoxide. . Simlar solutions

were made up but. also contained 0.3125, 0.625 |apdpOA@RiERg SppThammose.
i g

These solutions, were admini-stered intrapdritonealily bns of
8ny/ kg ani mal weight for BEC (Fig. 9) without ([err]), and with 5
([err]), 10ng (TBREEY andSBERGALKALOIPS' hammose/ kg | 4ni 44 ARBi§AB. | The

- first dose was given 0.5 hours after admnistratiqgnijof the Sarco 180

tunour cells. The :! | three doses were giuven at daily interyals.
Di net hyl sul foximm had no effect on Sarlcona

TEIS INVENTION is directed to cellular autophagy. In
particular, it is directed to the control of cellular
autophagy, cellular agglutination and the
immobilization of motile cells.

BACKGROUND ART

Controlled autophagy and/or agglutination or
immobilization of cells should be very useful for a wide
variety of therapeutic and other medical and non-medical

uses,

Before describing the present invention in detaill, it is
first important to appreciate the differences batween
autophagy, cell lysis and apoptosis. '

Autophagy (or self digestion) is the result of
disrupting the cellular organelle -~ the lysosocme-
directlj or indirectly, for example, by inhibition of
mitochondrial activity.  The cell thus digests itself
£rom the insid.é, including digesting the plasma
membrane of the cell, to leave behind the nucleus that
is also partly digested and fragments. .

Cell 1lysis, however, is cell death due to leakage of

material f£rom the cell and can ‘be induced by changing
the osmotic strength of the media surrounding the cell.

Cell' lysis can be induced by causing damage to the
' plasma membrane of the cell, for example with enzymes or

antibiotics, to induce osmotic shock. ' Also in

haemolysi.é, which is the specific lysis of red blood
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cells, haemoglobin is e
behind a damaged red blood cell membrane.

Finally, apoptosis is the fragmentation of the nucleus
and the encapsulation of these £ragments and cell
organelles in plasma membrane fragments - this does not
involve cell lysis or autophagy.

Traditional treatment £for an infected host 4is the
destruction of the invading virus or the like, leaving
the cells of the host intact. Similarly, if abnormal
cell growth of the host is responsible for the malady,
then <treatment, obviously, must only target the
abnormal cells, leaving the normal cells intact.

Treatment of the latter type of 'xﬁalady, eg cancer and
related diseases, has been the subject of much research
and a large range of chemical compounds have been
investigated with mixed results.

Preference for treatment with naturally occurring
compounds ‘is increasing and of <the many alkaloids
currently used or tested in mnedicine, many have been
extracted £rom plants. In particular, the use of
extracts of the plant species Soclanum as an effective
treatment of certain cancers has been known since at
least 1825. = Research inta these extracts from 1965
onwards has established that the. antineoplastic
compound(s) was most likély a glycoalkaloidis).
Examples include B-solamarine, a glycoalkaloid extracted
from Sclanum dulcamara as a tumour inhibitor, and other
glycoalkaloids extracted from . -Solanun sodamasum L. which
possess antineolplasti:c activity both in mice and humans.
Another example is Solaplumbin - which is 'rhamnosyl
[4+3] Solasodine - obtained £rom Nicotiana

1=_80‘ activity in the absence of' BEC (-O). - Usi nc,——s;-m.l_a,ubnndl tions to
those described in Fig. 9, single high doses:  of: BEKLACEMICNT SHEET2P N0/ kg
50mg/ kg ([err]), and 100mg/ kg ([err]) Were T-st-efee—-,



25 Fi g. 9illustrates that the survival of nice |WRERLACEBENT SBERTed with 4

doses of 8ng BEC/ kg was dependent on given doses |of rhannose ge
i nocul ated with S180 cells alone died in 2-3 weels. ﬁmg@ dgsg¢s of
BEC at 8ng/ kg were given on consecutive days, conplie |n F n{of S180

activity was achieved and all the

3

plumbaginifolia which has bheen sh_own to have anticancer
properties in rats.

However, specificity remains a problem apd it is not
always passible to target solely the invading virus or
the like or to only affect abnormal cells of the hast.

- DISCLOSURE OF THE INVENTION

The present inventors' studies of normal and abnormal
cells have disco-vered specific receptors on abnormal
cells which are either not present on normal cells or
are only present in significantly reduced numbers such
that certain compounds are preferentially recognised by
the abnormal cells, and which bind <thereto and
subsequently destroy. Once these receptors have been
identified it has alsc been discovered that certain
alkaloids and other pharmaceutically acceptable
compounds can be used to control cellular autophagy,
cellular agglutination and immobilization of motile
cells. | '

With such control, it- would be far easier to target a
partic-ular ¢cell  for destruction or some other
modification and would be useful in, £for example, the
treatment of cancer, contraception, termination of
pregnancy, removal of pathogenic organisms and removal
of any abnormal cellular growth . (malignant or
otherwise). It would also be useful as a diagnostic and
analytical tool whereby cell structure could be studied
and testing could be und.e:taken for the presence (and
.subsequent analysis) of pathogenic and non-pathogenic
‘organisms. This control of cellular function would
also be useful in +the manufacture of biochemicals.
wvheresby certain cells must be destroYed ox otherwise""""'
contained.
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Ye130! 230l eI B a suitable compound thereta, the
required control of cellular function can be achiewved.

Thus, according to one aspect of the present invention,
there is provided a method for identifying a compound
suitable to cantrol cell autophagy, cell iagglu":ination
or immobili.zé.tion of motile cells, said method
comprising:

3

(a) analyzing the surface of each of a .target cell"

and of a nan-target cell:;

(b) identifying receptor sites on said surface of
said target cell which are either not present
or only present in significantly reduced
numbers on said surface of said nan-target
cell; and -

(c) selecting a compound which will selectively
bind to said receptor sites of said target
cell and which will exert said control.

As a second é.spect of the present invention, there is
provided a method to control cell autophagy, cell
agglutination or immobilization of motile cells, said
method comprising: ' '

{a) identifying a compound suitable for the
required control by the method as hereinbefore
defined; and

(b) binding said compound to said receptc:: sites
of said target cell.
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In all reported in vivo studies with S180, BEC t he

Js€
‘term nal phase. Fig. 10 illustrates the effect of {si ng? %%@gl?ggf varyi ng

concentrations of BEC on the absol ute survival of jmtee-which had §hé S180
tumour for 12 days, that is, one day befgre the anijmals enter into {he
termnal stage. Al animals inoculated, with S180 -t h BEC

died. The sy \Wnixdd atsﬁ@ct Sof neﬁeaﬁeels&h&h:.ﬁvda&goaf %5'Wé<€1:ro*}‘i§§*6&?r at
day 30, all the mce had Tgﬁcsurv aiﬁ* nber, of_, sur)ivors
were incr easé?fe V@ t FOPRRREGs Mg % oFf %@: CSH&r??O/o%rceﬁ’ll
synpt om f r ee anitidplagy,) veOedmse aglg ayigydtjiomheseasikimbbidieatiam oraf r ee
wth a given m%qcci.ele(.)fce’lfpggﬂfgthe n<.20d as hereinbefore defined.

Preferably, the control of cellular func-tibn by the
present invention is by using compounds of the general
formula (1) '

wherein:

either one of the dotted lines reprasents a double
bond, and the other a s:.ngle bond, or both
represent single bonds,

“A" - represents a radical selected from & the
following radicals of general formulae (II) to (V):




There are two inportant observations to note fromth
96 _ _
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each of R* is a radical separtately selected from
the group comprising hydrogen, amino, oxo and OR%;

each of R* 1is a' radical separately selected from
the group comprising hydrogen, aminoc and OR*:

each of R*® is a radical separately selected from
the gropp~ comprising hydrogen, alkyl and R*O-
alkylene;

each of R* ‘is a radical separately selected from
the group comprising hydrogen, carbohydrate and a
carbochydrate derivative;

"X" is a radical selected £fram the group
comprising -CHy-, -O- and -NH-.

For non-carbohydrate compounds of general formula (1),
the preferred compounds are salasodine, sclanidine,
diosgenin, solangustidine, leptinidine,
solacongestidine, solafloridine, demissidine,
scladulcidine, tomatidenol, paniculidire, jurjubidine,
tigogenin, yamogenin and neotigogenin. '

The more preferred compounds are solasodine and
solanidine. ' |

When the compounds of general formula (1) represent a
carbohydrate {such as a mono, oligo or polysaccharide)
or a derivative thereof, the preferred radicals R* are
glyceric aldehyde; glycerose; erythrose; threcse:
ribese; arabinose; xylose; lyxose; altrose; allese:

gulaose; mannose; glucase; id.ose ; galactose;
talose; rhamnose dihydroxyacetone; erythrulose;
ribulose; - xylulose; psicose; fructose; sorbose;

tagatose; and other hexoses (CoH1206); heptoses



The f irst is that animals which are in their term
rendered synptomfree of S180 by BEC therapy.
animal s can tolerate very high doses of BEC
the LD[err] (intraperitoneal) of BECin mce is 30
and the LD err] is 35ng/kg. Thus, int pr esent dies, it is sh
that if the mce suffered fromadvanced S180 activity,—viTtually thre

E)iorsrgfv;?iGOED[ éJq"‘né'sEbeeg:l reportege v%\i/l?‘t’lgbgdt ﬁle‘r‘ - SEZ D)
decoses (CyoH20010); Qeoxysugars with branched chains
(eg apiose, hamamelose, streptose, cordycepose, mycarose
and cladinose); compounds wherein the aldehyde, ketone
or hydroxy)l groups have been substituted (eg N-acetyl,
acetyl, methyl, replacement of CH,OH); sugar alcohols;
sugar acids; benzimidazoles; the enal salts of the
carbonydrates; saccharinic acids; sugar phasphates.

”gka PR e b

is known tat

{-’-«—~

The maore preferred compounds are solasonine,
solamargine and sclanine.

ther preferred compounds of the general formula (1) are
solanocapsine and 26-aminofurostane.

It will be appreciated that the various compounds
referred to throughout this specification may be chiral
and the present invention relates both to the
individual stereociscmers and to any mixtures therecf
including mixtures of enantiomers and/or
diasterecisomers.

Although not wishing to be bound by theory, the
proposed mechanism of  autophagy induction Dby the
preferred compounds of the present invention wherein
all of the radicals R*> represent hydrogen is by
diffusion through the plasma membrane of the cell to
interact either directly with the lysosome causing its
disruption. -orfand indirectly by inhibitian of
mitochondrial activity. When R* is other than hydrogen,
the mechanism ©f entry into the cell is by receptor
mediated endocytosis. .In the case of R* representing
carbohydrate (ligand), the receptors are endogencus
lectins. :

kg4 APR 19981 oses




ant | neopl asti ¢ drugs. This lack of toxicity may b RIER ACBMENT rS&E B d

plasma or tissue enzymatic activity, resulting in hydyotystTs—of~The sugar s
from the sol asodine. Sol asodine is relatively < 1,0 nce
(100my  sol asodi ne/ kg- which is equival ent to appr oXi &e?ff%&?r%gszo kg -
does not produce any deaths in mce). Howeyer, thils U ' — since

sol asodine at simlar concentrations (100 kg) isi{not effective in
b1 N0 SIS0 BECLYLALeE) Gl Ghad Shele. S SLbEIT Siuse,
Al ternatively, amd ac‘.:hﬁferlanltel wedds arexpressi sdififerent receptors for
various compounds, it is thus possible to couple any
ligand (which interacts with a specific cell-surface
receptor) to specifically induce autophbagy and/or cell
agglutination or immobilization of different cell types.

Suitable ligands other than carbohydrates include the
steroid and non-steroid hormones (eg, progesterone,
insulin, oestrogen, groyxth' hormone), growth faci:ors,
polyamines, cytokines, lymphokines, lympbotoxins,
chalones, fatty acids and cholesterocl - ie, essentially
any chemical messenger regquired for endocytosis.

Once such a ligand has been identified and coupled to
.2 appropriate steroid derivative or cther compound,
administration to the cell-containing host should
induce cell autophagy and/or cell agglutination or
immobilization.

It should be noted that_it is not essential that the
aforesaid ligand be directly coupled to the sai_d. steraid
or other compound. | For example, the sald steroid or
other compound could be attached to one end of a
suitable organic or Ainorganic carrier, such as a
polymer, with the ligand coupled to the other end of the

_ carrier. This indirect coupling of the ligand to the
stercid or the like could provide a convenient delivery
system for the present Ainvention when it is
inappropriate, for whatever reasom, to directly couple
the ligand to the active ‘component. '

This ability to control cellular function at will is
not evident £from the current prior art. ' Different
diseases reguire _diﬁfe:ent treatment - @& treatment
effective against skin cancer is unlikely to be as



the S180 cells which are in great abundance i'n the .ascitic fluid of t he
_mce 12 days after inoculation of S180 cells, rec
" means of specific receptors (endogenous | ecti
bi oavail ability of BEC to normal cells, which in
toxicity of BEC Furt her nore, this expl anat o
fact that BEC inhibits S180 activity even though
from advanced S180 activity. At this advanced st g
concentrations |less than 25ng/ kg i s not efgfctlve in |nh|b|t|n

activity. These results provide _
effective against, for example, ovarian cancer as the
malignant cells have different receptors. For example,

.although it is koown that certain glycosides are

effective against certain cancers, these same glycosides
have not been assessed for their potential use against
other cancers nor has their mode af actian been studied.
It is believed that the present inventors are the first
to have studied~this mode of action, identified those
receptor sites on "abnormal" cells which differ from
those on “normal" cells and by a suitable selection of
an appropriate cémpound , achieved a required control on
cellular function.

For their use in practice, the compounds of the present
invention are not generally employed by themselves.
Preferably,’ they are used in a composition coataining
one ar more ©of the campeunds, in association with any
pharmaceutical-type carrier or diluent which is
suitable for its administration.

As used throughout the specificacion, the term “carrier -
of diluent" denotes an organic or inorganic, natural or
synthetic material with which the active ingredient is
conbined in order to facilitate the administration of
the invention. This carrier or diluent is, therefore,
generally inert and it must beé pharmaceutically
a.cceptai:le. . -

With the cellular control available from the present
invention, it should be possible to target a particular
cell for destruction or ‘modification necessary in, for
example, the treatment of cancer, contraception,
termination of pregnancy, removal of pathogenic
organisms and removal of abnormal cellular growth.
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Thus, as a fourth aspect of the Hresent invention,ithere

is provided a method of inducing cell autophagy, cell
agglutinatidn or immobilization within an animal body
{including humans}, sald method comprising administering
to said animal a campound or a composition, both as

' herainbefore defined.

The present Jipyention should also be useful as a-
dizgnostic and analytical tool whereby a compound found
to selectively bind to a target cell could be initially
further modified: to enable its detection by suitably
available techniques, +thus acting as a “markex"
identifying the target cell. .

Thus, according to a fifth aspect of the present
invention, there is provided a metbod of marking and
identifying a target cell said method comprising:

(a) identifying a compound suitable to control
cell autophagy, cell agglutination or
immobilization of motile cells by the method
as hereinbefore defined; '

.(b) . further modifying =said compound o enable.
detection of the thus modified compound;

{e) inducing cell autophagy, cell agglutinatian or
cell immokilization by the method as
hereinbefore defined; and =

(d) detecting said modified compound Dby any
appropriate means.

Preferably, said compound is modified by further
conjugation with another compound, this other compound
being detectable by its f£luorescence or radicactivity.
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For example, a compound of the general formula (1) as
hereinbefore defined could be reacted - with the
fluorescent reagent dansyl chloride, or said compound
could be modified to incorporate the usual radiclabel(s)
known in the art. . The thus modified compound could be
purified Yefore its use in the induction of cell
autophagy, agglutination or immobilization and the
progress of the binding follawed under a £luorescence
microscope or‘_'i";dioactivity counter as applicable. If
the binding is - undertaken ‘at a low temperature, the
internalization of the marked compound  will be slaw
allowing the binding to be followed.

DETAILED DESCRIBTION OF EMBODIMENTS

Specific details of the compounds and methods of the

pfesent invention will now bDbe Jillustrated. The
technical ‘terms jdentified have the usual meaning in
the art. '

Gm

Solasodine glycosides can be isolated and purified as a
mixture (known as BEC) comp:ising' sclamargina (33%),
solasonine (33%) together with di- andé 'mono-glycosides
[34%) or as separate components (Cura Nominees Pty Ltd,
Australia). and these compounds have been investigated
for the inhibition of cell replication of human cells,
ovarian cancer cells, melancma cells, cells _infecte.d
with viruses, normal f£fibrchlasts, normal bopne parrow .
. cells, 1leukemic cells and normal lymphocytes. The
- inhibition of the glycosides 0f solasodine have been
demonstrated with the appropriate "“free" sugaras and
covalently bound to bovine serwuwn aldbumin. - The sugars
that have been investigated and shown to have inhibitory
effects on the action of the mixture of solascdine
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glycosides are as follows: glcho_se c and B8, INAc
glucosamine NACc glucase, mannase < and B, Nac
mannosamine NAc mannose, galactose @ and B and the
disaccharide lactose.

Chlorambucil (Sigma Chemical Co., USA), 1-2mg was
dissolved in 50pl of DMSO and diluted immediately before
use in TCM + -I0% FCS. Cis-platinum was supplied. as a
saline =olution (David Bull Laboratories, Australia),
and was diluted w;.t:h TCM + 10% FCS. Vinblastine (Sigma
Chemical Co., USA) was dissolved in TCM + 10% FCS.

0.1
e

Solasodine -glycosides, 100mg were dissolved in 5ml DMSO

and diluted with TCM + 10% FCS to give a 5% soclution of
DMSO, and further diluted before use. Appropriate DMSO
cytotoxicity studies were also conducted. '

Peripheral bloeod hunan lymphocytes were lsolated using
an Iscpague-Ficoll gradient and cultured in replicates
of 10 in microwell titre plates. 2x10% lymphocytes/well
(1x10€/ml) in CC. 1640 tissue culture media supplemented
with 10% fetal calf serum containing 20ug/ml of
photohaemagglutinin (‘PHA) ,' concanavalin A {Cen A) or

_ pokewsed nitrogen (ZWM). This was cultured for 48 hours

and pulsed with tritiated thymidine for a furthar 24
hours. In the inhibition studies, the cell
concentration was 8x10%/ml. .

mmmmmcmmmm

CELLS

‘The inhibition of cell replication by steroid alkaloids

is determined by the inhibition: of the incorporation of
°H thymidine into DNA. Using this technigue, it should

be possible to monitor any preferential inhibition of

uptake of *H thymidine by cancer cells.

7
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Below it is shown that solamargine, a glycoside of
solascdine, preferentially inhibits <the uptake of
tritiated thymidine Dby cancer cells. in contrast,
solamargine at egquivalent concentration, and the mono-
and di-glycosides of solasadine had a limited effect on
the uptake of tritiated thymidine for other cell types,
including unstimulated lymphocytes and lymphocytes
stimulated with Con A. Also, the solasodine glycosides

- do not inhibit the uptake of tritiated thymidine by

lymphocytes stimulated with PHA or PWM. The inhibition
of txitiated thﬁmidine uptake by solamargine and the
mono- and di-glycosides of salasodine é.re dependant upon
their cellular uptake by endogenous endocytic lectins
{EELs). The mode of action of the solasodine

glycosides, in particulaxr solamargine, appears to be the

iaduction of cell lysis, as determined by morphological
exanination.

Cells were maintained ag monolayerz in EEM1-1640 tissue
culture media (Grant Island 3Bilological Co) buffered _

- with N-2-hydroxy-ethylpiperazinpe-N-2-ethanesulphonic

acid pH 7.5 and supplemented with 10% heat inactivated
fetal calf serum (FCS): (i) a human ovarian cancer cell
line (C180-135), (41) Hela cells, (iii) human
fibroblasts,  and (iv) as a cell suspension of
lymphoblastoid eells (EBV +transformed lymphocytes).
Monolayers_ were trypsinized to form a cell suspension.
All cell suspensions were passed through a 21 gauge
Syringe needle to remove cell clumps (95% viability).
Cell concentration was adjusted to 2x10%cells/ml, and

_'_,2;:10" cells were added in replicates of 10 to the wells
{1x10%/ml well) of HA microtitre plates (Millipore

Corp., USA). The cells were preincubated at 37.5°C for
7 hours prior to the addition of 50u)l of the cytotoxic
drug followed by the addition of 50ul 5uCi/ml of 2H
thymidine, in the same tissue culture media 21 hours
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later. Incubation was continued for a total of 24
hours, which includes the pre-incubation time.

All cells were harvested by vacuum filtratinn by washing
in 250u) of each of phosphate buffered saline, 5%
trichlorocacetic acid, 1.0M NaCl and 55% ethanol and
subjected to B-secintillation counting. Similarly,
peripheral humah blood lymphocytes wers isclated and
cultured 2x10® lymphocytes in CO,- 1640TCM 10% HIFCS.
Lymphocytes were stimulated with 20pg/ml PHA, Con A or
PWM, and cultured for 48 hrs followed by a 24 hr pulse.
Inhibition of cytotoxicity was carried out with lactose,
lactosyl-albumin, glucose, galactose or rhamnase (Sigma
Chemical Co., USA). ' Cell concentrations were 8x10+</well
total wvolume 250ul. The dpm o©of the experimental
repilzates were expressed as a percentage of_ thse mean
value of the controls, and the mean value Of the
experimental replicates calculated. The SD of the
controls 4id not exceed 10% of their mean value.

Cytotoxic drugs studied -included chlorambucil (Sigma
Chemical Co., USA) J)l-2mg diluted in 50pl of DMSO
immediately Dbefore use), cisplatimm (in saline
solution) (David Bull Laboratories, Australia),
vinblasine (Sigma Chemical Co., USA), solasodine
glyccsides, 100mg in Sml DMSO ahd diluted to give a 5%
solution of DMSO. Appropriate DMSO cytotoxicity studies
were . also conducted. Salasodine glycosides were
supplied as a mixture (BEC), and as separate compapents,
solamargine, solasonine, a mixture of di- and mono-=
glycosides and the aglycohe solasodine. All cytotoxic
drugs were further diluted with HIFCS/TCM before
testing. 5x104 ovarian cancer cells (200ul/chamber of
a chamber of microscope slide (Lab Tek Miles Scientifijc)
were used. Controls received 50pl HIFCS/TCM and
experimental chambers 504l of solasodine glycosides
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{BEC) 1l.5-3.8 uM/L after 7 hrs preincubation, and
incubated for a further 3 hrs. Similarly, the cells
were +treated with the aglycone solasodine 19.4-96.8
uM/L. The cells were fixed and examined by the

Papanicolacu method.

Solasonine at 11.3uM/L was ineffective in inhibiting the
uptake of tritiated thymidine by the variocus cell types
relative to solamargine at 11.5uM/L (Table 1). The
‘mixture of di- and mono-glycosides at 14.45uM/L were
also ineffective for lymphoblasoid cells and Hela cells,
whereas the'y caused approximately 30% inhibition for
ovarian cancer cells and f£ibroblasts (Table 1). The
highest concentration of BEC used contained 6uM/L of di-
and mono-glycosides and this would account for 10%-12%
inhibition for susceptible cells. In order that
comparisons caould be made with previous studies, and
because of the limited awvailability of the individual
glycosides, the mixture of sclasodine glycosides BEC was
used £for further Jinvestigations and the molar
concentration expressed in termms of the most cytotoxic
component solamargine. ' ' '

'In contrast to <the other cells that .have been
investigated, solamargine has limited cytotoxicity for
unstimulated lymphocytes and lymphocytes stimulated with
Con A, and an absence of cytotoxicity when lymphocytes
are stimulated with PEA or PWM (Table 2). Solasonine
was also found to be ineffective (Table 2). ' The
composition BEC has beern used in this investigation and
the cytotoxicity of BEC expressed in terms of the most
active components, in this case, the 4di- and mono-
glycosides (DMG). '
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From the dose response curves (Figs. la,b,c,d), the
letbal dose (LD) of cytotoxics required ta inhikhit 50%
{(IDso) uptake of <tritiated thymidine was determined.
The LDs, of the various cell types can be expressed as
a ratio relative to the LD,, of ovarian cancer cells, to
give a thymidine uptake ratio (TRso). Therefore, TRso
values greater than 1.0 jindicate that more ovarian
cancer cells ate killed relative to the other cell type
(Table 3). From Table 3, other TRso can be calculated.
The TRao foi' fib:roblasts/lymphoblastoid cells in the
presence of vinblastine is 0.73, which demonstrates its
Xnown cytoxicity to normal cells. Similarly, the TR.o
for chlorambucil (alkylating) and cis-platinum (DNA
binding) which are used in the treatment of chronic
lymphatic leukemia {CLL) and ovarian cancer
respectively, also reflects their known attendant
toxicity, although that of chlorambucil is not
reflected by fibroblasts. However, in the c¢ase of
vinblastine or <cis-~platinum, the low TRgo for
£ibroblasts relative to ovarian cancer cells is evident
{Table 3). In contrast, solamargine gives a TRso
greater than 2 for £ibroblasts and lymphoblastoid cells
relative to ovarian cancer cells. This suggests that
solamargine has an acceptable degree of specificity for
ovarian cancer cells, and under these® conditions is
superior to the other cytotoxic drugs. The specificity
of solamargine £for ovarian cancer cells is also
reflected by the TRs, relative to Hela cells (Table 3).
In addition, +the molar concentration of solamargine
that is regquired to achieve an LD_{, for ovarian cancer

- cells is 6-40 +times less than that of the other
cytotoxics investigated (Table 3).
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The LDso from the dose response curves (Figs. 8a,b,c,d)
for lymphocyteé have heen calculated and are presentead
in Table 4. The LDsp, for DMG indicates that they are
equivalent or more cytotoxic than the other anti-
neoplastic drugs investigated except in the case of PwM
stimulated lymphoeytes. The LDs, concentration for the
di- and mono-glycosides of solasodine (DMG) is
increased with stimulated lymphocytes, in particular
with PWM stimulation. Stimulated lymphocytes undergec a
number of changes, which includes and increase in plasma
membrane permeability, and this may account for the
variable LD, for some of the cytotoxic drugs
investigated. . Bowever, this situation does not appear
to apply to DMG. Firstly, PHA and PWM stimulation of:
lymphocytes negates, rather than enhances the effect of
DMG. Similarly, +this applies to the effect of
solamargine and the absence of any effect of solasonine
on unstimulated and stimulated lymphocytes (Table 2).
Secondly, the only d_i.f.fezen_ce betwaen the glycosides are
their carhchydrate moieties (glycone), because they all
éonte.in the same aglycone solascdine. This suggests
that ¢the different effects of the glycosides on
unstimulated 1lymphocytes are due to the presence or
absence of different EELS.

CELLULAR UPTAKE BY ENDOCYTIC ENDOGENOUS LECTINS

A mixture of solascdine glycosides (BEC), of which the
dctive compound is solamargine and £from which the
_ aglycone salascdine is derived was prepared for use in
cytoctoxicity assays as .determined by the uptake of
tritiated thymidine. Inhibition studies were carried
out = with lactose, lactosyl-albumin, galactose or
rhamnose (Sigma Chemical €q., USA). All experimental
replicates were related to their own controls. Total
volume of replicates was 250ul {carbohydrates added in
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SOpl tissue culture media + 10% fetal calf serum), f.nd.
the cell concentrations were B8x104/ml. ' :

A human ovariapn cancer cell line (Cl80-135) was grown as
mono layers and trypsinized to form a cell suspension.
The cells were adjusted to a concentration of 1x10%/ml
(viability 295%)_ and 200nl placed in each of the eight
chambexrs of mlcrosccpe chamber slides (Lab Tek, Miles
Scientific). After 21 hours preincubation at 37.5°C,
S50ul of supplemented tissue culture media were added to
the control chambers. To the other chambers were added.
SOl of ‘solasadine glycasides (BEC) to give £ipal
concentratiaons of 3, 4.8, 6.7, 7.7, 9.6, 11.1 and 15.3
uUM/L. Similarly, to a separate chamber slide was added
the aglycone solasodine (19.4 - 96.8 uM/L). The slides
weie incubated at 37.5°C for a further 3 hours, and the
cells fixed in 95% V/V alcohol and stained by the
Papanicolaou method. Two other chamber slides were
prepared in a similar manner, but the solascdine
glycosides and the aglycone were added at a final
concentration of 0.77, 1.5, 2.3, 3.1 and 3.8 uM/L after
7 hours’ preincubation, and then incubated for a further
17 hours.

As the ovarian cells (CI80-135) are more susceptible to
the cytotoxic effects of solamargine in the BEC mixture
of solasodine glycosides, these cells were selected as a
representative example of the response of susceptible
cells. Lysosomctropic drugs are weakly basic amines,
like solamargine, which can be trapped and accumulate as
the protconated (acidic) form in the lysosomes. This
results in the rupture of the lysosomal membranes and
the release of their proteolytic enzynes.

In order ta observe any immobilization of spermatazoa,
sperm (10x10%/ml) (50ul) were placed on a microscope
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~ slide separated from 50pl of solamargine (3 mg/ml) by
5ul of eosin. A cover slip was then placed ovexr the
slide. The drops spread out but do not mix with each
other to any great extent. This is a standard methad
¥nown in the art. It was noted that sperm was not
present on the side of the slide where the drop of
solasodine glycosides was placed.

The resuits are presented in Tables 5 and 7 Figs. 5, 6
and 7. The legend for Figs. 6 and 7 is as follows:

ovarian cancer cells (Fig. 6 and Fig. 7)

a =

a;, = ovarian cancer cells in the presence of
lactose 1.1uM/L (Fig. 6).

a = ovarian cancer cells in the presence of
lactosyl-albumin 1.1uM/I lactose (Fig. 6).

bcd = HeLa cells, - lymphoblastoid cells and

fibroblasts respectively (Fig. 6 and Fig. 7).
Fig. 6: Top curve - effect of the aglycone solasodine.

Partial inhibition of solamargine cytotoxicity by
lactose and lactosyl-albumin is demonstrable for ovarian
cancer cells (Fig. 6). The lactosyl-albumin inhibitory
- effect is approximately 4 times that of lactose at
equivalent lactase concentration (Fig. "6). This is
because glycoconjugates ';ia.ve an increased affinity for
their corresponding lectin relative to u.nconjug;.ted
carbohydrates. Similarly, lactose and galactose cause
partial inhibition of solamargine cytotoxicity for both
ovarian cancer cells and lymphoblastoid cells (Table 5).
In contrast, lactose and galactose completely inhibit
solamargine cytotoxicity -in the case of fibroblasts, and
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inhibition by rbamnose is also demcnstrahle {Table 5).
Rhamnose is not found in mammalian glycoconjugates, but
under certain conditions, - can be identified by
galactose reactive lectins. Therefore, the EEL
expressed by cells susceptible to -solamargine has
specificity for Gal{l->4)Glu(2-+1)Gal. It is therefore
possible that lactpse may compete for this EEL, in temms
of the lac;tose group (Gal(1+4)Glu) and
galactose/rhamnose for the termimnal galactase
{(2»1)Gal). '

Similarly, these carbohydrate moieties of solamargine
may be identified by their correspending EEL's. This
latter situation appears to apply teo fibroblasts, as
solamargine cytotoxicity was completely inhibited by
iacmose and galactose (Table 5). However, in the case
" of Hela cells, solamargine cytotoxicity is nct inhibited
by lactose and galactose. 'Further, solascnine, a-
glycoside of solasodine, with a glycone moiety

Glu(1»3)Gal(2+1)Rh is not cytotcxn.c. This gives further -

support E£or the presence of an EEL specific for
Gal({l+4)Glu(2+>1)GAl. Wnether or not the partizl
inhibition of solamargine cytotoxicity by lactose and
galactose, in the case of ovarian cancer cells and
lymphoblastoid cells (Table 5}, is <the result of
competitive inhibitian or the presence of lactose and
galactose EELs, has not been elucidated. '

The aglycone _- solasddine does not exert a cytotoxie
effect at equivalent concertrations of solamargine (Fig.
é_) . However, at higher concentrations, there is an
increase in cytotoxicity, but this is more apparent with
ovarian cancer cells’ (Eig. ‘7). This may be explained by
the changes in membrane permeability of cancer cells.
It is possible .that solasodine, which is a very
hydrophobic molecule, undergoes enhanced protein-bhinding
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and thus reduces its biocavailability. Cytotoxic effects
therefore become apparent at higher concentratians.
Nevertheless, collectively, the results demonstrate the
presence of EELs for solamargine. '

The aglycone sclasodine does not exert ‘a cytotaxic
effect at equivalent concentrations of DMG. However, at
much higher concentrations, there is a substantial
effect on unstimulated lymphocytes, which 1is
significantly 1reduced in the «case of stimulated
lymphocytes (Fig. 8e). This suggests <that membrane
permeability to the aglycone is decreased jin stimulated
lymohocytes. However, this would not account for the
differential effect of the glycosides on unstimulated
and stimulated lymphocytes {Table 2, Figs. 8a,b,c,d),
and inhibition by carbohydrates (Table 7). Thus,
collectively the results support the active uptake of
solasodine glycosides by EELs.

Glucose or rhamnose inhibit the action of DMG with Con A
stinulated lymphocytes ~Table 7). Since these
carbohydrates do not 4inhivbit DMG with unstimulated
lymphocytes, this suggests that Con A stimulation
results in the expression of EELs <that react with
glucose and rhamnose. Thirdly, Con A stimulation gives
rise to a subpopulation of T suppressor cells (TS) that
irhibit helper T cells (TH) within the total population.
The TS cells produce soluble factors that inhibit TH
cell functions but these suppresscr factors can be
inhibited by N-acetylglucosamine or rhammose by
coﬁplexing the TH cell regceptors. Therefare, one of the
soluble TS5 cell factors and/or Con A may be involved in
receptor (EEL) induction on TH cells. .

The aglycone solascdine aia not have any observable
effect on <the ovarian cancer cells at any of the
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concentrations investigated (Fig. 2A). In contrést,

with Aincreasing concentration of the sclasodine
glycosides (expressed as concentration of solamargine)
over 3 hours, the cytoplasm of the cancer cells undergo
dissolution, the nuclei contract and become dark
staining (Fig. 2B), nuclei then enlarge (Fig. 3A), the
chromatin clumps (Fig. 3B), and finally the nuclei

. disintegrate (Fig. 4A). Fig. 4B represents the effect

of the solasodine 'giycosides over 17 hours, in which
cellular debris :.s left. It therefare appears d.-:.at the
inhibition of thym.d:.ne uptake by solamargine is the
result of cell lysis.

Sclamargine was also found to inhibitx  huflan
spermatozoal motility (Fig. 5) as a red line of
demarcation between the sperm in tissue culture media
and the solamargine aliquat became visible as sperm
penetrated the bomda:y and then became immobilized
within 15 sec.

The jmmobilization of spermatozoa can result from the
inactivation 6f their mitochondria, and in the case of
cells that contain lysosomes, this could lead to rupture
0.1. the lysomal membranes.

The preferential cancer cells ‘cytotoxicity
{lysosomotropic/mitachondrial inhibition) of solamargine
appears to be effective against both proliferating and
resting cancer cells, as evidenced by the absence of

cancer cells upon cytological examipation (Fig. 4B). In
) addition, <the lack of - lysosomotropic/mitochondrial

inhibition by the aglycone solascdine, the triglycaside
solanine and the di~ and mono-glycosides of solasodine
indicates that the cellular uptake of solamargine is

possibly mediated Dby plasma -membrane endocytic
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endogenous lectins (EELs), specific for the caxbchydrate

moiety of solamargine.
FLUORESCENCE ACTIVATED CELL SORTER ANALYSIS (FACS)

To verify the inhibition studies of the "free" sugars
ard sugars covéle.ntly bound to albumin (uptake of 2H-
'thymidine) were due to competition for endogenous lectin
receptors, FACS analysis was used. This involves the
use of sugar(s) covalently bound to bovine serum
albumin and the fluorescent campound FITC (S~Alb-FITC).
To 1x10¢ cells, washed twice in phosphate buffered
saline pH 7.2 containing 10mg/ml of bovine serum
albumin, lmM CaCl, and 0.5mM MgCl, was added 1.0ml of S-
Alb-FITC 200ug/ml in the same buffer and incubated for 1
hour., This experiment was conducted at two different
temperaztures, 4°C and ambient temperatﬁre (RT). At 4°C
the endogenous - lectins would undergo endocytosis
(internalization by the cells) at a slower rate when
complexed to S-Alb-FITC relative to that at RT. Thus &
greater percentage of fluorescence should be expressed
at RT, unless the cells were expréss:‘..ng - @xcessive
amounts of endogenaus lectinrs.

The data for the lactose specific lectin receptar is
presented in Table € for a number of cell types.

INHIBITION OF CYTOTOXICITY BY RHAMNOSE IN MICE WITH
SARCOMA 180 ’

Rhamnose is not found in mammalian glycoconjugates but

. forms part of solasonine, solamargine and diglycosides

of solasocdine in BEC. = .If specific receptors for this
sugar are present on cancer cells (absolutely or in
greater abundance) relative to normal cells, then
rhamnose would be expected to inhibit the cytotoxic

effects 0f BEC.
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Below it is shown that rhamnose inhibits the efficacy of
BEC, and that the aglycome solasodine is not effective
against murine S180. It is also demonstrated that mice
in their terminal stage with S180 can tolerate and
become symptom-free of cancer by a large single dose of
BEC. The mice tolerate BEC at concentratians which are
equivalent to 3.times the LD:oo ©f control normal mice.

' Herston White mice with a body weight of approximately

30g and aged 8-10 weeks served as recipieants. Twelve
mice were randomly chosen for each experimental group.
Sarxcoma 180 tuwmour cells (5x10%) were inoculated
intraperitoneally into mice. This caused a mortality of
100% with a median survival time of 20 days in the
contrcl groups. A standard mixture of glycoalkaloids
(BEC) was dissolved in dimethylsulfoxide at a
concentration of 0.5g BEC/ 100ml dimethylsulfoxide.
Similar solutions were made up but also contained
0.3125, 0.625 and 0.93759'of rhamnose. These solutions
were administered intraperitoneally in concentrations "of
8mg/kg animal weight for BEC {FPig. 9) without {-a-), and
with 5mg (~o =), 10mg (--~) and 15mg (-A -) rhamnecse/kg
animal weight. The £irst dose was given 0.5 hours aftar
administration of the Sarcoma 180 tumour cells. The
remaining three doses were given at daily intervals.
Dimethylsulfoxide and rhamnose had no effect on Sarcoma
180 activity in the absence of BEC (-0-). '

Using similar conditions to those described in Fig. 9,
single high d&oses of BEC (Fig. 10} 25mg/kg (-o0-),

-30mg/kg {(=-v-), and iOOmg)'kg (-® -) were administered

intraperitoneally 12 days after inoculation of the
Sarcoma 180 tumour cells (arrow), that is, one day
before the animals enter into the terminal Stage.
Dmethylsuphoxn.de had no effect on Sarcoma 180 a.ct:.v:.ty

~and all am.mals died in 20 days (=e=).
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Fig. 9 illustrates that the survivLaTl of mice with S180
treated with 4 doses of B8mg BEC/kg was dependent on
given doses of rhamnose. Mice inoculated with 5180

‘cells alone died in 2-3 weeks. When four doses of BEC

at 8mg/kg were given. on consecutive days, complete
inhibition of S180 activity was achieved and all the
animals surviwved. The number af survivals was
decreased with increasing concentrations of rhamnose.
Five mg rhamnose/kg decreased the survival to 75%,
whereas 1lOmg rhamnose/kg decreased the survival to 50%
and 15mg rhamnose/kg decreased the survival to 42%.
This indicates that rhamnose may competitively inhibit
the efficacy of BEC. Similar concentrations of rhammose
or glucose have no effects on S1i80 activity in the
absence of . BEC. These ocbservations sucjgest that the
binding of sclasodine glycosides on tumour cells may be
mediated through the monosaccharide rhamnose, which
forms part of solasonine, solama.rgine' and diglycosides
of soclasodine in BEC,

In all reported in vivo studies with S180, BEC was
injected before the terminal phase. Fig. 10 illustrates
the effect of single doses of varying concentrations of
BEC on the absolute survival of mice which had the S1B80
tunour for 12 days, that is, one day before-the animals
enter into the terminal stage. A1l a.m.xuals innculated
with S180 and not treated with BEC died. The survival
time is increased with a dose of 25mg/kg. However, at
day 30, all the mice had died. The survival time and

-humber of survivors were increased with increasing .
‘concentrations of BEC, and 17% were symptom-free with a

given dose o©of 50mg/Xg, whereas 42% were symptom-free

" with a given dose of 100mg/kg.

There are two important observations to note from thase

results.
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The second is that the animals can tolerate very high
doses of BEC. = It is known that the IDg,
{intraperitoneal}~ of BEc in mice is 30mg/kg for single
doses and the LD,,.,,, is 35mg/kg. Thus, in the present
studies, it is shown that if the mice suffered from
advanced S180 activity, virtually three times the LD:se
of BEC for normal mice can be tolerated. This important
observation has not been reported with other
- antineoplastic drugs. ' o

This lack of toxicity may be due to increased plasma or
tissue enzymatic activity, resulting in hydrolysis of
the sugars from the sclasocdine. Solasodine is
relatively non-toxice in mice (100mg solasodine/kg-
which is equivaleﬁt to approximately 200mg BEC/kg - does
not produce any deaths in mice). However, this is .
unlikely, since solasodine at similar concentrations
(100mg/kg) is not effective in inhibiting S180 activity
in mice, and Fig. 10 shows clearly that 5180 activity
was inhibited by the equivalent concent;:a.tion of BEC.
Alternatively, and a more likely explanation, is that
the S180 cells which are in great abundance in the
ascitic £luid of the mice 12 days after inoculation of
S180 cells, recognize and bind BEC by means of specific
receptors {endogenous lectins), -reducing' the
Yicavailability of BEC to ncrmal cells, which in turn
/ ‘reduces the taxicity of BEC. Furthermore, t}u.s_
_ explanation' is sﬁppprted'by the fact that BEC inhibits
"5180 activity even though the animals are suffering £rom -
advanced S180 activity. At this‘advanced stage, BEC, at
concentrations less than 25mg/kg is not effective in
inhibiting S180 activity.  These results provide
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Table 1
Percentage Cell Survival in the Presence of

Solasodine Glycosides

_ Percentage Survival: Cell Type

11.3uM/L

ovCa ~ Hela LCL FB
BEC 0.6 + 0.1 27 + 7 54 + 4 - 48 + 6
S 12.42pM/nL ) '
Solamargine 7 + 0.8 2.6 + 0.5 35 + 4.2 23 ¥+ 1.7
11.5uM/L - |
Solasonine 93 + 8.0 105 + 9.5 117 % 8.0 96 + 8.3

di- & mono- 71 + 2.0 94 + B.3 97 + 11.0 76 *+ 5.7
glycosides ' g :
14.45uM/L

OvCa = ovariap cancer cells:;

Hela = Hela cells;
ICL = lymphoblastoid cells;
FB = fibroblasts.

'Furlher, such prior art drugs are limted to the tr ' be of
mal ady and it is not possible to predict the effec igeﬁ5&§MEﬁifﬁﬁ@ @rugs
in the treatnment of a different type. 'In contrast, gtepresSent | fvention

denonstrates, inter alia, a nore conplex EEL on a 1{oJarj ngel del
HelLa cells for the trisaccharide h%ﬁA@ﬁ L

i ne



36 Gl (1 4)du (2 1)Cﬁ|, as well as EELs for |actgse=ar

presence of an EEL for a trisaccharide such as rha
rhammose is a plant sugar and is not generally kno
cells.

29
Table 2

BERL RGN #f?éﬁnc an

to occur

24 APR

i n ngnal i an
1998

Percentage Survival of Unstimulated and Stimulated

Lymphocytes in the Presence of Solasodine Glycosides

Percentage Survival

. 5.G. Us PHA Con A PWM
BEC ' |
12.42uM/L 6347 . 95#4 90+8 200+7.5
- Solam
11.5uM/L 76+9.6 93+4.4 79+4 93+5.4
Solas o
11.3pM/L 97+11.8  103+5.7 9747 ©110+3.8
MG S |
14.45uM/L.  40+4.6 © 93+44.2 ‘5745 103+9.7

n =10

SG = solasodine glycosides
BEC = Solam, Solas and DMG
Solam = Solamargine '

Solas = solasonine

DMG = di- and mono-glycosides
US = unstimulated lymphocytes

PH2, Con A and PWM = stimulated lymphocytes
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solasodine wth enhanced specificity, the present_invention should be

of particular .inportance in cancer chenot herapy. The mpggeg@ganwﬁmgTob
I

expected to be of great value in the control

types of vertebrates or invertebrates, including bac eria, viruses
protozoa and fungi - for exanple, in the control of pathogefiAPR1
bl ood, |ynph and tissue; any new growh of tissue or ti$sue that Is

of cellu f-HRet-HoR—1

- JJ

ectopic site; - enbryonic cells31 non-malignant andjmalignant cells;
i cal

sper mat ozoa and semen; ova; and for the control of bicd

nanufacturlng processes. Table 4

LDa.o,_Concentration of Cytotoxic Drugs for
Unstimulated and Stimulated Lymphoacvtes

VB ' DMG

CB cP
~T T uM/L uM/L uM/L WM/L
Us S a3.0 0 21.0 11.0 6.4
PHA 24.6 17.0 19.2- 14.8"
Con A 33.0 11.0 7.8 11.2"
' 10.8-* 186.0°""

PWh 22.0 - 8.0

US = unstimulated lymphocytes

PEA, Con A and PWM = stimulated 1ymphocytes

CB = chlorambucil
CP = cis=-platinum
VB = vinblastine

DMG = dl and mono-glyeosides of solasodlne

-

extrapblation
extrapolation
extrapolation

- extrapolation
" -- extrapolation

= =0.91 p =
= -0.8% p
= -0.8Bl1 p =
~0.94 p =

L X X 4

H H H H H
|

-D.86 p <0.05 >0.02 {from Fig.la)

0.01 (from Fig. la)
<0.02 >0.01 (from Fig. l1la)
0.05 (from Fig. 1lc)
<0.01 >0.001 (£rom Fig. le)

S
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37 cells, such as macrophages, and/or .inhibition of cellular

net abol i smand catabolism It will be appreciated that the above
experinental results are given by way of exenplification of the
invention only and that changes may be nade to the details set out .
therein wthout departing from the inventive concept as defined in the
foll owi ng cl ai ns. :

33
Table 6

FACS analysis of percentage of cells with
lactose lectin receptors

CELL TYPE . 4°c RT
viral infected cells 49%  55%
Ovarian cancer cells ' 67% : 83%
Fibroblasts | S 29% 33%
‘Lymphocytes - 27% ' 43%

Lymphocytes stimulated . 52% : 72%

P

=Y S*’%
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CLAIMS A met hod for identifying a conpound suitable to
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sai d conmpound being of. the general fornmula (1):

35

It has been demonstrated that alkalod induce
cellular autophagy (self-digestion) and/or cell
agglutination or immobilization. These effects of such
alkaloids are greatly enhanced when conjugated to
certain ligands, particularly carxbohydrates (glycoccon-
jugates). The invention is particularly effective if
the cell to 'Ba targeted possesses receptors that
recognise a rhamnose -~ or a rhammose-like - residue. By
conjugating different ligands to these, alkalaids, it is
possible to induce autophagy and/or cell agglutination
or immobilization of specific cell types.

The most cytotoxic compound is sclama.rgi-ne.,. the dose
required to inhihit DNA synthesis by 50% (LDgeo) of an
. ovarian cancer cell line and Hela cells being 1.5 - 3.3
' times less than that required for lymphoblastaid cells
and fibroblasts. The effective LDso, of solamargine is
6-40 times less than that of wvinblastine, chlorambucil
or cis-platinum, compounds that are equally or more
cytotoxic to normal cells relative to cancer cells.

Although it is known that necoglycoprotein conjugates of
cytotoxic drugs may be sultable for targeting of cells
via EELs, this knaown art bhas anly used mono~ or di-
saccharide .conjugates for this targeting of EBLs which |
are also Expresséd by various normal cells.

Further, such pricr art drugs are 1limited to the
treatment of one type of malady and it is not possible
."jt_o pi'edict the effectiveness _of such drugs in the
treatment of a different type.

In contrast, the present invention demomstrates, inter
alia, a more complex EEL aon a ovarian cancer cell line
and BRela cells ¢for the trisaccharide



wherein:  either one of the dotted |ines represents s d e he
ot her a single bond, or both represent single bonds; i "?EL“’“'MH Sﬂmd

radical selected from the follow ng radicals of generjal fornmulae (I

(V) | | 24 AP e
| . e

Q

)N to

Gal{l 4)Glu(2 1)Gal, as well as EELs
galactose. ' '

The -presence of an EEL for a +trisaccharide such as
rhamnose is surprising as rhammose is a plant sugar and
7 is not generally known to occur in mammalian cells.

It is bélieved 4+hit the present inventars are the first
to demonstrate that an EEL for a trisaccharide occurs on
cancer cells relative %to normal cells such that the
difference in EEL expression can be exploited for
increased specific <targeting of cytotoxice
glycoconjugates. '

"In this regard, given the lack of toxicity of solasodine

glycosides relative to other cytotoxic drugs, the unigue
mode of action, the ability to be targeted via EELs and
the potential to produce synthetic glycoconjugates of
solasodine with enbanced specificity, the present
invention should be of particular impartance in cancer
chemotherapy.

 The present inventian is expected to be of great value

© in the control of cellular functiaon in all types of
vertebrates or invertebrates, Iincluding = Dbacteria,
viruses, protozoa and fungl - Zfor example, in the
control of pathogenic organisms in Dblood, lymph and
tissue; any new growth of tissue or tissx_te' that is in an
ectopic site; embryonic cells; non-malignant and
malignant cells; spermatozoa and semen:; ova; and £ar
tf_xe.. control of biochemical manufacturing processes.

Further, it follows that the present invention can be
‘used to prevent cell autqphagy and/or cell agglutination
or immobilization but change cellular metabolism -~ for
example, the production of a tumour necrosis . factor by



ferr] _ _ 39 each of Rerr] is a
tadi cal separately selected from the group conprising hydrogen, am no,
oxo and OR[err]; :

37

cells, such as macrophages, and/or Jinhibition of
cellular metabolism and catabolism.

It will be appreciated that the above experimental
results are given by way of exemplification of the
invention only ahd that changes may be made to <the
details set out’ therein without departing £rom the
inventive concept as defined in the following claims.

REPLACEMENT SHEET
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each of Rlerr] is a radical separately selected from the group

conprising hydrogen, amno and ORlerr]; each of Rlerr] is a radical
separately selected from the group conprising hyflr gganes-abkylcipnd
Rerr]O al kyl ene; each of Rerr] is a radic FRgEREY

ydrate and a

selected from the group conpri sing hysg ogen, car
.carbohydrate derivative; _

24 APR 1998

CLAIMS

1. A method for identifying a ‘comp
control cell autophagy, cell agglutination or
immobilization of motile cells,

said cdmpound being of the general formula (1): : |

wherein:

either one of the dotted lines represents a double
bond, and the other a single bond, or both
represent single bonds;

"A" represents a radical selected from the
- following radicals of general formulae (II) to (V):

R

LT



nunbers on the surface ~of a non-target cellﬁ-and e ;

I F et ) LU

- on the surface of a.targef i¢ell which arel:

: SALE At
"X' is a radical selected fromthe group conprising { i} +CHerr]-, -

- NH; sai d method conprising: (a) identi fyilng AcBARRT1998 9| ti¢
for said conpound : :
either not present or only present in dignificantTy Ted

and
S

Jéed
§

each of R* is a radical separately selected from
the group comprising hydrogen, amino, oxo and OR*;

each of R2? is a radical separately selected from

 the group comprising hydrogen, amino and OR“;

each of R3 is a radical separately selected from

 the group comprising hydrogen, alkyl and R®O-

alkylene;

each of R*® is a radical separately selected f:om
the group comprising hydrogen, carbohydrate and a
carbohydrate derivative;

"X" is a ra.dicé.l selected from the group comprising
~CHz-, -0- and -NH-;

said method comprising:

(a) identifying receptor sites for said 'compound'

‘on the surface of a target cell which are
either not |present dr only present - in
significantly reduced numbers' on the surface
of a non-target cell; and

(b) selecting said compound which will selectively
bind to said receptor sites o_f said target
cell and which will exert said control.

A method to control cell autophagy, celJ..
agglutination or immobilization of motile cells,

'said method comprising:

(a) identifying a 'compound suitable for the
required control by the method as defined in
Claim 1; and ' '

-

T



(b)'seiecting sai d conpouhd which wll. selectively bind to said

receptor sites of said target cell and whijch—wt+i—exert—satd

control. 2. A nethod to control cell autdpf&BLACEMEME| SHEET

agglutination or inmmobilization of notile cells, sar d nethod

conpri si ng: (a) identifying a conpgund suitalyl g fer

required control by the nethod as defin I n ?4-&?9‘9?8
~(b) 'binding said compound to saidTreceptor—sites

of said target cell.

3. A method =@ for the treatment of_ cancer,

| contraceptidn,.termination of pregnancy, removal of

pathogenic organisms or removal of abnormal

cellular growth, said method comprising identifying

a compound by the method as defined in Glaim 1 and

administering ;aié compound to a patient requiring
treatment. .

4. A method of inducing _-cell autophagy, cell
agglutinatién or immobilization within an animal
body (including humans), said method comprising
identifying a compound by the method as defined in
Claim 1 and administering said compound to a
patient requiring treatment.

5. A method of marking and identifying_a target'cell
said method comprising: '

(a) identifying a c0mpound_ suitable to -cgntrol
cell autophagy, cell agglutination or
immobilization of motile cells by the method
as defined in Claim 1;

(b) further modifying said compound to enable
detection of the thus modified compound;

(c¢) inducing cell autophagy, cell agglutination or
cell immobilization; and

. (d) detecting said  modified compound by any
appropriate means. '

R —————

L



Gaimi; and | a0 (b) binding said
conpound to said receptor sites NI o
REPLACEMENK,Sﬁ%%T

ronacroswa et
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6. A method as defihed in Cclaifjn 5 wherein
compound is modified by £further conjugat'ion with
another compound, this other compound being

detectable by its fluorescence or radiocactivity.

7. A method as defined in Claim 6, wherein said
compound is reacted with a fluorescent reagent, or
wherein said compound is modified to incorporate a
radiolabel(s).

8. A method as defined in Claim 1 or Claim 2 wherein
said compound is selected from the group comprising
progesterone, insulin, oestrogen, growth hormone,
growth factors, polyamines, cytokines, lymphokines,
lymphotoxins, chalones, fatty acids and
cholesterol. ' ' '

9. A method as defined in any one of Claims 1 to 8
wherein said radical R* is selected from the group
comprising glyceric 'aldehyde; glycerose;
erythrose; threose; ribése} arabinose; xylose;
lyxose; altrose; -allose; gulose; mannose;
glucose; idosé; galactose; talose; rhamnose;
dihydroxyacetone; = erythrulose;  ribulose;
xylulose; psicose; fructose; sorbose; tagatose;

and other hexoses (CgH.20¢), heptoses (C,H,,.0-),
octoses (CeH.60s), nanoses (CoH,g0s) and decoses
(C10H20010); deoxysugars with branched chains (such
as, apiose, hamamelose, streptose;“ cordycepose,
mycarose and cladinose); ' compounds wherein the
aldehyde, ketone or hydroxyl groups have beeﬁ
'substituted (such as with N-acetyl, 'acetyl, methyl,

replacement of CH.OH); sugar alcohols; sugar
acids; benzimidazoles; the enol salts of the
carbochydrates; saccharinic acidé; and sﬁgar
phosphates. ' '

*= ¢ L M s x



of said target cell. 3. A nethod for t he
term nation of pregnancy,‘renova
_ renoval of abnornal ~cellular |
conprising identifying a conpound by the nethoi
and adm ni stering said conpound to a patient r

contracepti on,
_organi sns  or

4. A nmethod

i mobi | i zati on within an ani mal

of

10.

11.

12.

13.

I nducing cell autophagy, cel

A method as definéd in any one of Claims 1 to 9,
wherein said compound is'sélected from the group
comprising solasodine, solanidine; diosgenin,
solangustidine, leptinidine, solacongestidine,
solafloridine, demissidine, soladulcidine,
tomatidenocl, paniculidine, jurjubidine, tigogenin,
yamogenin, neotigogenin, solanocapsine, 26-
aminofurostane, aqd'a glycoside of any one thereof.
A method as defined in Claim 10, wherein said_
compound is selected from the group comprising
solasodine, solanidine, solasonine, sclamargine and
solanine. '

A method as defined in Claim 11, wherein said
compound is solamargine.
Compounds of the general formula (1):

B
1

N

F

A
R
‘5

|-

wherein:

either one of the dotted lines represents a double
bond, and the other a single bond, - or both
represent single bonds;

* [ L M s %



body (i ncluding humans), said nethod conpr.i sing

by the nethod as defined in Claim1l and adm ni st
a patient requiring treatnent. 5. A nethod of
identifying a target cell sai d met hod conpri sing:
i dentifying. a conpound sui-table to control

aggl utination or i rmobi | i zat 48n of not ile cel
as defined in Caiml,; o [,
"A" represents a radical selected -from the

following radicals of general formulae (II) to (V):
; < . |

-3

(V) -
/

each of R* is a radical separately selected from

the group comprising hydrogen, amino, oxo and OR*;

each of R2 is a radical .separétely selected from
the group comprising hydrogen, amino and OR*;

each of R® is a radical separately selected from
the group comprising hydrogen, alkyl and R“O-
alkylene; '

each of R* is a radical separately selected from
the group comprising hydrogen, carbohydrate and a
carbohydrate derivative; .

"X" is a radical selected from the group comprising
~CH;-, -0- and -NH-; '

when used in a method as defined in any -one of:
Claims 1 to 12.

R O Y



(b) further nodifying said conpound to enable detection of

the thus nodified conpound; (c) inducing cell autophagy, cel
aggl utination or cell immobilization; and (d) detecting
said nodified conmpound by any . appropriate neans. .

44

14. A method as defined in Claim 1 substantially as
hereindescribed with reference to the Examples.

15. A method as defined in Claim 2 substantially as
hereindescribed with reference to the Examples.

REPLACEMENT SHEET‘T
5
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41 6. A nmethod as defined in Cdaimb5 wherein said compound is

rodi fi ed by further conjugation with anot her conpound, this other
conmpound bei ng detectable by its fluorescence or.radioactivity.
| REPLACEMENT SHEET
-8 |
GLYCOALKALOIDS 24 APR 1998
ABSTRACT

The invention is directed to the control of
cellular autophagy, cellular agglutination and the
immobilization of motile .cells. Such control is
‘useful in, for example, the treatment of cancer,.
contracéption, teﬁqination of pregnancy, removal of
pathogenic organisms agd' removal of any abnormal
cellular gfowth (malignant or otherwise); ﬁs a
diagnostic and analytical tool whereby cell structure
can be studied and testing could be undertaken for the
presence (and subsequent aﬁalysis) of pathogenic and
non-pathogenic organisms; and in the manufacture of
biochemicals whereby certain cells must be destroyed
or otherwise contained. From surface analysis of
normal énd abnormal cells, specific receptors on
abnormal cellg which are either not present on normal -
cells or are only present insignificantly reduced
numbers can be identified. Alkaloids and other
pharmaceutically aécept&ble lcompounds are
preferentially recognised by the abnormal'cells, and

which bind thereto and subsequently destroy.

FIGURE 1A



7. A nmethod as defined in Claim 6, wherein said conmpound is
reacted with a fluorescent reagent, or wherein said conpound is

nodi fied to incorporate a radi ol abel (s). 8. A nethod as defined in
Caiml1l or Claim2 wherein said conmpound is selected fromthe group

conpri sing progesterone, insulin, -okstrogen, growh horpmne growt-h
factors, polyamnes, Gytokines. |ymphokines, I'ynphot oxi D AGERENT, SHEET
fatty acids and chol esterol .
| 24 APR 1998
. °/°
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9. A nethod as defined in any one of Clains 1 to 8 wherehLn, sald~ o
radical R4 is selected fromthe group conpri sing gl yic ?EAaﬁgﬂﬂéﬁU ;
gl ycerose; erythrose; threose; ribose; arabinose; [x\yl ose;

| yxose; al trose; al | ose; gul ose; mannose; gl udoge; 2i40APR; 1998
gal act ose; tal ose; rhammose; mlnuﬁtmyacetone; erjytihr ul ose;

ri bul ose; xyl ul ose; psicose; fructose; sorbose; tggatose, and
ot her hexoses (Cferr]Herr](err]), heptoses (C[err]H[%Légglerr]).

octoses (Cferr]Herr]derr]), nanoses (Cferr]Herr]J ers and decoses

(Jerr]Herr](Jerr]); deoxysugars w th prancheg:chains

api ose, hamanel ose, streptosé&s&ordycepo@%ﬁ mycar os

conpounds wherein the W

. - .
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aldéhyde, ket one or hydroxyl groups have been subg

t i Sch-+ds Wt
N-acetyl, acetyl, nethyl, repl acenment of CH err] OH); sugar--atcoholis;
sugar aci ds; benzi m dazol es; the enol salts gf jth
car bohydr at es; saccharinic acids; and sugar phdgéhé?ggpga

S e &
12

OVARIAN CANCER CELLS IN THE PRESENCE CF
SOLASCDINE GLYCOSIDES EXPRESSED IN TERMS
"OF SOLAMARGINE 9-6 uM/L 3 HOURS

Flg.3A. (x1000)

OVARIAN CANCER CELLS IN THE PRESENCE COF.
SOLASODINE GLYCOSIDES EXPRESSED IN TERMS
R OF SOLAMARGINE 111 uM/L 3 HOURS

i e o




42 . 10. A method as defined in any one of Cains 1 to 9 ——wherein said
conpound is selected fromthe group conprising sol asﬂQ'SH@etHasBeenR eplaced
sol ani di ne, di osgeni n, sol angusti di ne, | epti ni di ne,

sol acongesti di ne, sol af | ori di ne, dem ssidine, sol adul ﬁuwweml " ,I ,"’
t omat i denol, pani cul i di ne, jurj ubidine, tTgogenin,

neot i gogeni n, sol anocapsi ne, 26- am nof ur ost ane, and a glycosi de of any
one t hereof. o

REPLACEMENT SHEET
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F/g 4A (x15751
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EXPRESSED IN TERMS OF SOLAMARGINE 3-1 puM/L 7 HOURS

Fig.4B.
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11: A nmethod as defined in Caim10, wherein said conmpound is sel ected

fromthe group conprising sol asodi ne, sol ani di ne, sol asoni ne,
sol amargi ne and - sol ani ne. 12. A nmethod as defined in Claiml1l1l,
Wwherein said conmpound i s solanarglne 13. Compounds of the general

formula (1): [err]
-5..

. . REPLACEMENT SHEET

24 APR 1998

DEAD INTACT SPERMATOZOA IN 'THE ZONE OF SOLAMARGINE/EOSIN

Fig5

eet Has Been Replaced -

Tl N



wher ei n:

700 - ' . | abed

REPLACEMENT SHEET

%  60-
SURVIVAL, 5

40 -

24 APR 1998

30 -
20 -
10 1

1 ] 3 1 ] LS

120 3 45 6
UM/l SOLAMARGINE/SOLASODINE

Figé

5 15 2 -5 30
1M/l SOLASODINE |

cet Has Been Replaced o F /. . 7 . ‘“", T
\mm\ i N el




either one of the dotted lines represents a double bond, and the
other a single bond, or both represent single bonds;
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"A" represents a radical selected from the follow ng rad| cal S of
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each of Rferr] is a radical separat.el y selected fromthe group conpri sing
hydr ogen, am no, oxo and OR[err]; each of Rerr] is a radical separately
sel ected fromthe group conprising hydrogen, amino and ORlerr];...

-9.
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each of Rferr] is a radical separately sel ected fromthe group conpri si ng'

hydrogen, al kyl and Rerr] O al kyl ene; each of Rfer rﬂw-i-s-_a.Jadi cal
separately selected fromthe group conprising hydrogen, %HtmmﬂaSﬁE?}”C a
car bohydrate derivative; "X" is a radical selected fjrgmnrttre-

conprising -CHerr]-, -O and -NH; --10- / 24 APR 19908
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when-used in a nethod as defined in any one of Clains 1 to 12.
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14. A nethod as defined in Claim1 substantially as her ei ndescr i be-d

with reference to the Exanpl es. 15. A nethod as defined in Claim?2
substantially as her ei ndescri bed with reference to the Exanples.
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OVARIAN CANCER CELLS IN THE PRESENCE OF
SOLASOOINE GLYCOSIDES EXPRESSED IN TERMS
OF SOLAMARGINE 9-6 uM/L 3 HOURS

FlQ..?A. (x1000)

5

-, &

L e v s,

OVARIAN CANCER CELLS IN THE PRESENCE OF
A AODINE GLYCOSIDES EXPRESSED IN TERMS
OF SOLAMARGINE 111 uM/L 3 HOURS

Fig.3B.  (x7)
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OVARIAN CANCER CELLS IN THE PRESENCE OF SOLASODINE GLYCOSIDES
EXPRESSED IN TERMS OF SOLAMARGINE 15-3 puM/L 3 HOURS

Hg. LA. (x1575)

O\/ARIAN CANC'E CLS IN THE PRESENCE OF SOLASODINE GLYCOSIOES
EXPRESSED IN TERMS OF SOLAMARGINE 3-1 pM/L 17 HOURS

“Fig4B.
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DEAD INTACT SPERMATOZOA IN THE ZONE OF SOLAMARGINE/EOSIN

Fig.5
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