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ABSTRACT

Thereisgrowing interest in the proposed antineoplastic activity of Nerium
oleander components. Earlier we have developed an oleander callus cul-
ture. The objectives of thiswork wereto reveal whether the cultured tissue
isableto generate secondary metabolites representative of the parent plant
under in vitro conditions and whether these products retain biological
activitiesof the source. The callustissue produces oleandrin, oleandrigenin
and odoroside, the main oleander secondary metabolites. The levels of
cytotoxicity of callusand plant leaf extractsfor human cell linesinvitro are
comparable. Callus extract expresses species-specific cytotoxicity charac-
teristic of the parent plant. The both extracts tested are toxic for human
(normal embryo fibroblasts, Jurkat, K-562, L-41, KB cell lines) and monkey
(COS-7 cell line) cells, whilerat PC-12 cell line has low sensitivity to the
extract of leaves and is fully resistant to callus extract. The extracts were
shown to induce apoptosis. The anti-genotoxic and anti-mutagenic activ-
ity of polysaccharide fractions of oleander leaves and callus culture was
revealed and can be considered to be novel findings. Thus, oleander callus
culture retains the main activities of the plant. This culture can be used as
a biotechnological source of biologically/pharmacologically active com-
pounds of oleander. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Neriumoleander Linn, an ornamental plant be-
longing to theA pocynaceaefamily, isdistributed inthe
Mediterranean area, sub-tropical AsaandAmerica The
plant isknown to betoxicd® and reputed to beathera-
peutic agent infolk medicine.

Currently thereisgrowing interest in the proposed

antineopl astic activity of oleander extractsand compo-
nents. A hot water ol eander extract called Anvirze™
was patented in the United States*® as an antitumor
agent. Thismulti-component mixture contains polysac-
charides®, proteins, sugars®! and anumber of other
bioactive compounds (cardiac glycosides such as
oleandrin, odoroside, the aglycone oleandrigeninl*
33453571 gteroidd??, triterpenes?, etc.). Oleandrin and
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oleandrigeninwere shownto becytotoxicinvitra® in
aspeci es-specific mannert3L49,

Theeffectsof Anvirzel™ invitro and mechanisms
of itsactionwerestudiedin detai 1023334384 Anvirze ™
anditsprincipa cardiac glycos decomponent oleandrin
were shown to be potent inducers of
apoptos §259234647 To date, Anvirze ™ has progressed
through a Phase | tria in the United States?. A
supercritical CO, extract of Neriumoleander termed
PBI-05204 iscompleting aPhasel clinical tria in ad-
vanced cancer patientsat the University of Texas, M.
D. Anderson Cancer Center (Houston, TX USA). Plant
cdll, tissue, and organ culturesare known to be cgpable
of producing and accumul ating many of chemica com-
poundsreplicating that found in the parent plant in the
nature®. Therefore, these cultures providean alterna-
tivemethod of production of phytochemicasof thera-
peuticimportancg*"2%4€l: including potentia antican-
cer agents™. Theadvantagesof invitrotechniquesare
evident and includeindependence from environment
pollutantsand interfering compoundsthat occur inthe
fild-grown plant, control of plant vegetation cycleand
plant diseases aswe | asan opportunity to obtain pure
and standardized productsunder controlled conditions.
Thishiotechnologicd approachisparticularly gpplicable
to Neriumoleander asthe plant wasfound to accumu-
late heavy metal sfrom soil and atmosphere® 42,

There are few reports on oleander tissue cultur-
ingi*#4 Wehavea so propagated callus culturesiniti-
ated from oleander leaves. Thegrowth conditionsand
characteristics of these cultureswere determined (opti-
mum growth media, cell growthrate, etc.) and have
previously been described ™4, The objectives of the
present work wereto reveal whether the cultured plant
tissueisableto generate secondary metabolitesrepre-
sentativeof the parent plant under rigorously controlled
invitro conditions and whether these productsretain
thesourcebiologica activities.

MATERIALAND METHODS

Callusculureinitiation and propagation

Toinducesterileplantlet cultureaxillary budswere
aseptically cultivated on modified M urashige-Skoog
medium containing 2 mg/l indolyl-aceticacid and 0.2
mg/| kinetin. Plantlet cultureswerethen expanded by
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clona micropropagation. Mericlonesweretransferred
to the hormone-free Murashige-Skoog medium. Ole-
ander mericloneswere cultivated in aclimatic chamber
withillumination (1000 lux) and acontrolled tempera-
tureof 26+ 2°C

Leavesof asepticaly growing plantletswereused
toinducecallustissuegrowth onmodified Murashige-
Skoog medium containing 1.0 mg/l 2,4-
dichlorophenoxyacetic acid and kinetin. Cultureswere
kept in darkness at 26 + 2°C. To sub-culture, callus
cultureswereperiodicaly (every 20 days) cut into pieces
and transferred to fresh medium. To prepare hot water
extracts, leaves of 4-week-old plantlets or 20-days-
old cdluscultureswereair-dried at 70°C and boiledin
0.9 % NaCl solution or Hanks’ balanced solution
(Sigma-Aldrich, &t. Louis, MO) (0.5: 10, w/v) for 3h.
Theextractswerefiltered and stored at -10°C for further
usel®dl,

Animal cdl culture

Normal human embryo fibroblasts (22™ passage,
subconfluent culture, 2 days after cell seeding) were
usedinthesestudies. Additiond cell linesincluded PC-
12 (rat pheochromocytoma), COS-7 (fibrobl ast-like
African green monkey kidney cells transformed by
SV40), Jurkat (human T-lymphaoblastic leukemia), K-
562, KCL-22 (both from human chronicmyeloid leu-
kemia), and KB (oral epidermoid carcinoma) kindly
provided by Prof. J. Masters (Institute of Urology and
Nephrology, University CollegeLondon, UK) and Dr.
T. Liehr (Institute of Human Geneticsand Anthropol-
ogy, Germany). Cdlswereroutindy maintainedinthe
growth mediaRPM1-1640 (cell [inesPC-12, Jurkat,
K-562 and KCL-22) or DMEM (nhormal human em-
bryo fibroblasts, cell lines COS-7 and KB) supple-
mented with 10% fetal bovineserum (mediaand serum
from Sigma-Aldrich) and 50 ug/ml gentamycinat 37°C.

Determination of main secondary metabolite
oleandrin content in plant leaves and callustis-
sues

Concentrations of secondary metaboliteswere de-
termined inleaves of 4-week-old plantletsand 20-day-
oldcaluscultures.

Extraction procedure
(1) A smdl amount of |eaf and callussampleswas
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weighed to the nearest 0.1 mg and placed in a15ml
glass screw cap round bottom centrifugetube. (2) 5ml
of absolute ethanol was added to each tube. The mix-
turewasvortexed for 10 min. (3) Contentswithin the
tubeswere sonicated for 1 hinanultra-sonic bath, (4)
then mixedfor 15 minand centrifuged at 2.500 rpmin
aBrinkman centrifugefor 5 min. (5) Supernatant was
removed and transferred to a13x100 mm glasstube
and 5 ml of 50: 50 methanol: methylenechloride (v/v)
was added to tubes with extracted solid material. (6)
Steps 3, 4, 5 wererepeated. (7) Extracts were com-
bined and evaporated to drynesswith nitrogen gas at
room temperature.
Samplepreparation

Dried samples were reconstituted with 1 ml of
HPLC grademethanol. Aliquots (100 ul) of each sample
werediluted 1:10 using acetonitrileand 20 mm/ml am-
monium acetate solution, pH 3.0 (find ratio of organic
to buffer 60: 40). Subsequent dilutionswere made us-
ing40: 60 acetonitrile: 10 mM ammonium acetate sol u-
tions, pH 3.0. Diluted samplesweretransferredinto
standard polypropylenesamplevidsfor andysisby LC/
MSMS.

Oleandrin standard preparation

Oleandrin (Sigma-Aldrich) storedat -20Cin1mg/
ml solution in methanol was used to preparethe cali-
bration standardsfor quantification of oleandrinin ex-
tracted samples. Stock materia (10 ul of 1 mg/ml) was
seridly diluted using 40: 60 acetonitrile: 10mM ammo-
nium acetate, pH 3.0. Calibration curves were con-
structed from concentrations of 5, 10, 25, 50, 100,
250 and 500 ng/ml oleandrin. Standardsweretrans-
ferred into standard polypropylene samplesviasand
analyzed by LC/IMS/MS.

L C/M SM Sinstrumentation and method setup

The presence and quantitative determination of
oleandrin wascarried out by LC/MS/M Sanalysis of
the peakswith co-elution of authentic standard com-
pounds. LC/MS/M S was performed using aWaters
QuattroPremier tandem mass spectrometer with an
el ectrospray ion source and WatersAcuity UPLC sys-
tem. The separation of oleandrinwasachievedusnga
Waters UPLC BEH C18 (1.7 um, 2.1x50 mm) ana-
Iytical column maintained at 50°C. Thesolvent system
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for column eution consisted of solventA: 10mM am-
monium acetate with 0.2% (v/v) formic acid, pH 3.0,
and solvent B: acetonitrile (HPLC grade). Mobile phase
wasdelivered at 35 ul/min starting at 75% A and 25%
B, followed by 5% A and 95% B at 4 min which was
continued until 8.5 min, then programmed back to sart-
ing conditionsuntil 20.5min.

Oleandrinin oleander plant and callustissue ex-
tractsand asreference standards were detected using
electrospray ionizationin positiveion modewithion
transition. Themass spectrometer wasoperatedinthe
multiplereaction monitoringmode (MRM) whichwas
optimized for the precursor-product ion transition of
m/z577.9 > 373.8 for oleandrin.

I solation of glycosidefraction and deter mination
of total glycoside content

Aliquots (2 g) of dried and powdered leaves or
cdlustissuewereextracted by boilingin 35 ml ethanal:
water (2: 3) mixturefor 20 min. After cooling andfiltra:
tion, thefiltrate volumewas brought up to 50 ml with
thesamemixtureand filtered. Thecompletenessof gly-
cosideextraction wastested by Legal reaction®3. The
glycosidefractionwas stored inthedark at 4°C.

Toevduatetheglycosde content inthefractioniso-
lated, the method generally applicable for glyco-
sides**53; wasapplied. Thetota glycosideswereca-
culated as oleandrin. Briefly, 2 ml of thefiltratewas
gopliedtoacolumnfilledwithAl O, and eluted 4times
with 0.5 ml ethanol and finally with 16 ml ethanol. The
column effluent was collected into avolumetric flask
and added with ethanol to 25 ml. An aliquot (4 ml) of
thisglycosidecontaining fractionwasmixedwith4 ml
of the Kedde reagent and the absorbance of the mix-
turewas measured in 2 minwith aspectrophotometer
SF-56 (LOMO, Russia) againgt the blank (4 ml of the
K edde reagent) at 540 nm. Previoudy the calibration
curvewasdevel oped. To thisend, 10 mg of oleandrin
wasdissolved in 100 ml ethanol. The oleandrin solu-
tions (1, 2, 3, or 4 ml) were mixed with 4 ml of the
K edde reagent and the absorbance of samples was
measured. Thecurvewasappliedto calculatetotd gly-
coside content (in percent) inasampleas:
ax 1562.5/ e x (100 - t)

where‘a’ is glycoside content, mg; ‘¢’ is the weight of a
sample mg; ‘t’ is the percent loss of liquid from the sample.
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| solation of polysaccharidefraction

Plant leavesand callustissueweredried at 70°C.
Samples (500 mg) of dry leavesand callusweretreated
with methanol: chlorophorm mixture(1: 1) inaSoxhlet
apparatusto removelow-molecular components. The
dry residuewasextracted four timeswithwater & 50°C.
Collected water extractswere concentrated inarotary
evaporator and centrifuged at 8,000 rpm. Polysaccha
rideswere precipitated with ethanol (1: 2, v/v) and cen-
trifuged a 8,000 rpm. The sediment wasdissolvedin 1
ml water and stored at + 4°C.

Analysisof in vitro cytotoxicity and species-speci-
ficity of water extracts, glycosdeand polysaccha-
ridefractionsof plant leavesand calluscultures

Extracts, glycoside or polysaccharide fractions
(200 pl/ml) were added to human and animal cell cul-
tures 24-48 h after cell seeding. After incubation of cul-
turesfor 24 hthecell viability was determined by the
vitd dye(Trypanblue, Sigma-Aldrich) exclusiontest’.
Thissimpletechniqueidentifiesdead cellswith com-
promised cell membraneintegrity. It isknown to over-
estimate the number of living cells; nevertheless, itis
appropriatefor comparative experiments. M onol ayer
cdlsweredetachedwithtrypsn-EDTA solution (Sigma-
Aldrich) and suspended. Thenumber of living cellswas
counted and expressed asapercent of the control (un-
treated culture).

To devel op the concentration-effect curve (concen-
tration of callusextract asoleandrin content against liv-
ing cell number, % of the control) the K-562 cell line
was incubated with various concentrations of callus
extract (from 10 to 100 ul/ml that corresponds to
oleandrin content from 6 to 60 ng/ml accordingto gly-
cosidefraction analysis) for 24 handthecdll viability
waseval uated.

The species-specificity of extracts’ cytotoxic effect
was determined by comparing theresponses of rodent
(PC-12), primate (COS-7) and human (Jurkat, K-562,
andKB) cdll lines.

Analysis of the cell death mode (necrosis or
apoptosis) induced by water extracts of plant
leavesand calluscultures

Water extractsof plant leavesor callustissue (100
ng/ml) were added to the K-562 cell line 24 h after
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cell seeding. Non-treated cell cultureswereused asa
control.

i) Morphological analysis. Timed (8, 12, 16, 20,
and 24 h) triplicate samples after addition of extractsto
cdl culturesweretransferred to dides, fixed with etha:
nol: aceticacid (3: 1), air-dried and stained with Gi-
emsa(Sigma-Aldrich). Thenumber of cellsappearing
as apoptotic bodies was counted and expressed asa
percentage of 1,000 cellsexamined.

i) Gel-electrophoretic analysisof DNA fragmenta-
tion pattern. Cellsweretreated with extractsfor 4, 8,
and 12 h. DNA wasextracted and purified byt 3. DNA
electrophoresiswasperformedin 1.6% agarosegel for
1hat 75V. DNA was stained with ethidium bromide
(Sigma-Aldrich) andvisudized by UV-illumination.

Genotoxicity and anti-genotoxic effect of water
extracts and polysaccharide fractions of plant
leavesand calluscultures

To determine the genotoxicity of extracts and
polysaccharidefractionsthe cytokinesisblock variant
of theinvitro micronucleus (M N) induction test”37;
was applied. MN test isknown to detect agents that
modify chromosome structure and segregation in such
away astolead toinduction of MN ininterphasecells.
Treatment of cultureswith theinhibitor of actin poly-
merization cytochalasin B resultsinthe“trapping” of
cellsat the binucl eate stage where they can beeasily
identified.

Various concentrationsof materia stested combined
with cytochalasin B (Sigma-Aldrich) dissolvedin etha-
nol (not morethan 10 ul ethanol per 1 ml of themedium
so asnot to affect the cell viability and growth) to the
final concentration 3 .«g/ml were added to cultures of
KCL-22 cdl line44 hafter seeding. Cell culturesincu-
bated with cytochalasin B only were used as negative
controls; positive controlsconsisted of culturesincu-
bated with cytochalasin B and 1 ul/ml bleomycin
(Bleomycinum, Tomen Corporation), anantibioticand
chemotherapeutic drug that isknown toinduce DNA
strand breaks and chromosome aberrations>*49, Ear-
lier thedose-effect curvefor bleomycin effect on KCL-
22 cell linewas devel oped and the above mentioned
concentration was sel ected aseffectiveone. After 28h
incubationthecd lswerefixed with ethanol: aceticacid
(3: 1), spread ondides, air dried, and stained with Gi-
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emsa(Sigma-Aldrich). Thenumber of binucleatecells
with MN was counted in 1,000 binucleatecellsinthe
same cultures. Only micronucle not exceeding 1/3 of
themain nudeusdiameter, not overlgopingwiththemain
nucleus, and with distinct borderswereincluded inthe
scoring®12,

Bleomycin (1 pg/ml) was added to cultures of
KCL-22cdll line44 h after seeding in order toandyze
anti-genotoxic effect of extracts and polysaccharide
fractions. Cytochalasin B and various concentrations
of plant materialstested (0.1 or 1 ul/ml of water ex-
tractsand 1-1,000 ul/ml of polysaccharide fractions)
were added to the cultures s multaneoudly, 2 hours be-
foreand 2 hoursafter addition of bleomycin. Cdlswere
incubated for 28 h and the M N frequency was deter-
mined as mentioned above. The negativeand positive
control culturesweretreated with distilled water or 1

ug/ml bleomycin, respectively.
Anti-mutagenic effects of water extracts and

polysaccharidefractionsof plant leavesand cal-
luscultures

To study mutageni ¢ and anti-mutagenic effects of
extractsand polysaccharidefractions, theAmesbacte-
rid reversemutation test?2%:3 without metabolic acti-
vation wasapplied. Thestrain OA 1535 of Salmonella
typhi murium!; recommended by was used to de-
tect point mutations, whichinvolvessubgtitution of DNA
base pairsresulting inthe shift from hisitidineauxotro-
phy to prototrophy.

Minimum agar contai ning the' \Vogel -Bonner mini-
mum medium E (themedium componentsfrom Sigma-
Aldrich) and glucoseand overlay agar containing biotin
wereused. Aliquots(0.1-1 ml) of thetest solutions, O-
0.9ml of gerilebuffer solution (total volume 1 ml) and
0.1 ml of fresh bacterid culturecontaining goproximately
108 viablecdlsweremixed with 2.0 ml of overlay agar
and poured over the surface of aminimum agar plate.
The plates were incubated at 37°C for 48 h and the
number of colonies per plate was counted. Mutations
were induced by 0.5 ug/ml bleomycin added to the
overlay agar. Earlier thedose-effect curvefor bleomycin
effect on thebacteria strain used wasdevel oped and
the concentration mentioned was selected asan effec-
tiveone. Antimutageni c activity of extractsand polysac-
charidefractions(concentrations0.1; 1; 10; 100 and
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1,000 pl per plate) was estimated by measuring the
decreasein frequency of mutation events (expressed
asrevertant colony number) induced by bleomycin. The
negative and positive control cultureswere combined
with distilled water and 0.5 pug/ml bleomycin, respec-
tively. Triplicate cultureswere used at each experimen-
td point/doselevel. Theresultswere statistically ana-
lyzed using the Student’s one-tail t-test.

RESULTS

Secondary metabolite oleandrin content in callus
culture

According to results of LC/MS/M S chromato-
graphic anaysis, the callustissue contained themain
oleander secondary metabolitesoleandrin (Figure 1),
oleandrigeninand odoroside (not shown). Theoleandrin
content in 20-dayscalusculturewas notably less (about
13%) thanin plant leaves.

Cytotoxicity and species—specificity of water ex-
tracts, glycosideand polysaccharidefractions of
plant leavesand calluscultures

Thecytotoxicity of callusextract wasshown to be
concentration-dependent (Figure 2). The IC_ value
(concentrationinducing 50%inhibition of cdl viability)
for K-562 cell linewasabout 7.5 ul/ml (corresponding
to oleandrin content 6 ng).

It wasreveaed that the cytotoxicity of both plant
leavesand call ustissues belonged mainly to theglyco-
sidefraction. The polysaccharide fraction possessed
low cytotoxicity (Figure3). In spite of low oleandrin
content in callustissuein comparison with leaves(see
Figure 1), thecytotoxicity of callusextract and glyco-
sidefraction did not reduced.

Thetoxicity of oleander wasdemonstrated earlier
to be species-specific ashuman cellsinvitroare sens-
tiveto plant extractswhilerodent cellsare not(1:3+40;,
It would be of interest to revea whether thisuncom-
mon featureremainsin plant tissuesin vitro. If yes, it
will testify totheidentity of activitiesof theplant andits
cdlusculture.

The sensitivity of human (normal embryo fibro-
blasts, cell linesJurkat, K-562, L-41 and KB), mon-
key (cell lineCOS-7) andrat (cell line PC-12) cells
to extracts of plant leavesand calustissuewere com-
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pared (TABLE 1).

Both extractstested (100 pl/ml, oleandrin content
75 ng) weretoxic for human and monkey cdlls, themost
sensitiveamong them washuman leukemiaK-562 cell
line. Rat PC-12 cell linewasdlightly sensitiveto the
extract of plant leavesand expressed full resistanceto
calusextract. Thecytotoxicity of callusextractsinall
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Figurel: LC/M S/M Schromatogramsof leaf (a) and callus
(b) samples

caseswas comparableto theleaf extracts. So, cultured
ol eander tissues retai ned the speci es-specific toxicity
characteristic of the parent plant.

Themode of cell death (necrosisor apoptosis) in-
duced by water extractsof plant leavesand callus
cultures

Inthe K-562 cell linetreated with extracts of plant
leavesand callustissue, the number of apoptotic cells
increased sharply to 12 hwhen morethan 90% of cells
contained apoptotic bodies(TABLE 2). Thedynamics
of thisindex wassimilar in both cases (treatment with
plant and callusextracts). Later (24 h) the cell sdisap-
peared, perhaps, because of development of secondary
necrotic processes™ and disintegration of dead cdlls.

Electrophoresisof DNA isolated from cellsexposed
to extractsof plant leavesand callustissuefor 8and 12

0 20 40 60 80 100
Callus extract concentration, pliml

Figure2: K-562 cell lineviability asafunction of theconcen-
tration of callusextract

120 9

Yo

100 4
a0+

60

Number of living cells,

B ——

1 2 3 B 5 6

0 — _ S -

Figure 3: Therdative cytotoxicity of water extracts (col-
umns1and 2), glycoside (columns3and 4) and polysaccha-
ride (columns5 and 6) fractions of plant leaves (white col-
umns) and callustissue (dark columns) for KCL-22cell line

h demonstrated DNA fragmentation (Figure4). DNA
fragmentsweredi stributed as discretebands (so called
‘laddering’) that suggested the development of
apoptotic processesin affected cellS?2.

Both extracts tested were shown to induce
apoptosis. Pro-apoptotic activity of the water plant

TABLE 1: Species-specificity of cytotoxic effect of water extractsof plant leavesand callustissue?

Control, number of

Extract of plant leaves

Extract of callustissue

Cell lines living cells x 10° Number of Iig/ing % of Number of Iig/ing % of
cellsx 10 control cellsx 10 control
]'c\i'gggf"aggma” embryo 0.03+ 0.005 0.004+0002 12408  0002+0001  6.4+03
Jurkat 1.26 + 0,024 0.3+ 0,012 23.8+0.5 0.42+ 0,038 328+16
K-562 0.89+0,018 0.01+ 0,001 1+0.3 0.03+0,012 3.8+01
L-41 0.05+ 0,005 0.01+ 0,003 20+ 0.6 0.014 + 0,006 28+0.8
KB 0.16 + 0,065 0.02 + 0.002 12+ 0.5 0.02 + 0,005 15+1.1
COs -7 0.07+ 0,025 0.03+ 0,015 43+05 0.02+ 0,003 285+0.1
PC-12 0.23+0,028 0.14+ 0,017 64.5+0.7 0.23+ 0,098 100+ 1.3

@ Here and below the results are presented as Mean £ SE
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extract wasreved ed earlier’?46%1, Our resultsindicate
that thisactivity wasretained in and may be extracted
from plant tissuesinvitro.

Genotoxicity and anti-genotoxic effect of water
extracts and polysaccharide fractions of plant
leavesand calluscultures

Water extractsand polysaccharidefractionsof plant
leaves and callus cultures were shown not to be
genotoxic for KCL-22 cell lineasthey did not induce
MN formation (data not shown). Water extracts did
not inhibit bleomycin-induced MN generation (TABLE
3).Addition of polysaccharidefractionsbeforeor after
treatment of cellswith bleomycin also did not change
the MN frequency (datanot shown).

Onthe contrary, polysaccharidefractionsadded to
the cell culturestogether with bleomycin reduced the
number of cellsbearing MN from more than two to
about fivetimes. Thiseffect seemed to be concentra-
tion-dependent in therange studied (1-1,000 wl/ml).
So, polysaccharidefractionspartly protected thecells
from genotoxic effect of bleomycin decreasingtherate
of appearanceof daughter cellsbearing asheavy DNA/
chromosome damageasMNs.

TABLE 2: Apoptosis-inducing activity of water extractsof
plant leavesand callustissue

Number of cellswith apoptotic bodies, %

Hours -
Extract of plant leaves Extract of callustissue
0 2.3+0.02 2.3+ 0.03
12 949+ 1.6 92.1+1.7
16 99.5+1.4 97.7+1.9
20 99+0.9 95.3+1.2

Anti-mutagenic effects of water extracts and
polysaccharidefractionsof plant leavesand cal-
luscultures

In preliminary experimentsit was found that ex-
tractsand polysaccharidefractionsof plant leavesand
calustissueare non-toxic for S typhimuriumastheir
addition to the culture medium did not changethe num-
ber of bacterial colonies grown (data not shown). It
suggested the adequacy of the applied test system for
evauationof genotoxiceffects Themateria stested were
asodemondtrated not toinduce any significant increase
in revertant colony number (datanot shown). In other
words, both extractsand polysaccharidefractionsdid
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Figured4: Patter n of DNA fragmentationin K-562 cells. Con-
trol, untreated cells (A) and cellstreated with extracts of
plant leaves(B, C, D) and callustissue (E, F, G). Duration of
exposuretoextracts: 4h (B, E),8h (C,F),and 12h (D, G).

not express any detectable genotoxic activity for S
typhimurium.

Bleomycin was showntoinducereverse mutations
inbacterid cultureselevating the number of revertant
coloniesabout seventy timesin comparisonto untreated
cultures (TABLE 4). Addition of extractsor polysac-
charidefractionsbefore or after the mutagen did not
changetherevertant colony number (datanot shown).

TABLE 3 : Anti-genotoxic activity of water extracts and
polysaccharidefractionsof plant leavesand callustissuein
KCL-22cell line

. MN number MN number,
Treatment Conces;lallon, in 1,000 % of positive
a binucleate cells control
Negative control
(intact cell culture) 50,5
Positive control
(bleomycin, Lug/mi) 314+2,38
Bleomycin + water 1 296+ 1,44 94.3+0.3
extract of plant leaves 01 312+ 1,61 99.3+0.45
Bleomycin + water 1 301+0,29 95.9+0.079
extract of callustissue 0.1 310+ 121 98.7+0.35
1 132+ 0,86* 42 +0.57
Bleomycin + 10 112 +0,95% 35.7+0.78
polysaccharide
fraction of plant leaves 100 76+ 1,08* 242+ 135
1,000 68+ 0,75* 21.7+0.95
1 124 + 0,49* 39.5+0.34
Bleomycin + 10 115+ 0.49* 36.6+0.38
polysaccharide
fraction of callustissue 100 85+1,03* 271+1.12
1,000 71+0,63* 226+0.75

* p > 0.05 (comparison with positive control)
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Thesameextractsand fractionsadded together with
bleomycin essentialy reduced the frequency of muta:
tion events. Differencesinactivity of materidsobtained
from plant and callus culture were minute. Isolated
polysaccharides were more effective than whole ex-
tracts (thedecreasein the number of revertant colonies
changed from 21.8 to 52.5% and from 42.5 to 76.6%
asafunction of the positive control, accordingly). The
effect of polysacchari deswas concentrati on-dependent
intherangestudied (0.1-1,000 pl per plate). The anti-
genotoxic (TABLE 3) and anti-mutagenic (TABLE 4)
activitiesof polysaccharidefraction of oleander leaves
and calluscultureare considered to be nove findings.

DISCUSSION

Inthiswork theactivitiesof oleander cdlusculture
were tested and compared with those of oleander
leaves. Water extract of callus culturewasshownto be
multi-component mixture containing oleander second-
ary metabolites(oleandrin, oleandrigeninand odoroside)
and polysaccharides. The extract was cytotoxic for
mammalian cellsinvitro in aconcentration-dependent
and speci es-specific manner and was apotent inducer
of apoptotic cell death. The cytotoxicity of extract was
demondtrated to belong solely to theglycosidefraction
whereasthe polysaccharidefraction was practically
non-toxic. Thefeatures|isted wereearlier described to
be specific for water extracts of oleander |eaved=>%,
It isreasonableto assert that ol eander cells propagated
ascalusculture continueto synthesi ze specific second-
ary metabolitesandretainther distinctiveactivities.

Oleander leaf and callusextractswerefor thefirst
timetested for genotoxic and mutagenic activity using
twoinvitro cellular models(KCL-22 cell line, theMN
inductiontest; S. typhimuriumculture, theAmestest,
respectively). Both extracts were found to be non-
genotoxicandto expressno mutagenicactivity. Thecom-
bination of high cytotoxicity withlow genotoxicity/mu-
tagenicity isbelieved to be advisablefor chemothera-
peutic agentsnot toincitesecondary mutationsand DNA/
chromosomedamagein the process of thergpy*54,

Anti-genotoxic and anti-mutagenic activities of ex-
tracts were also analyzed in the same cell cultures
treated with the mutageni c chemotherapeutic agent
bleomycin. The plant and callus extractsadded before

Natural Products

TABLE 4 : Anti-mutagenic activity of water extracts and
polysaccharidefractionsof plant leavesand callustissuein
S. typhimurium culture

Number of
. Number of revertant
Treatment COTCi?”?;'tzn’ revertant colonies, %
piperp colonies/plate of positive
control
Negative control (intact 162433
cell culture) ’ ’
Positive control
(bleomycin, 0.5 ug per 1135.4+92.2
plate)
0.1 733.9+£27.5% 64.6+3.1
1 652.0+26.7% 57.4+3.0
;'{;"ﬂ‘gg’ extract of 10 567.4+25.6% 50+2.9
100 482.7+26.4* 425+23
1,000 869.0+21.7* 76.6+1.9
0.1 756.4+31.2*% 66.6+2.8
1 647.3+28.5* 57+2.5
E,m?g o extract of 10 782.6423.9%  68.9+2
100 795.3 +24.6* 70+2.2
1,000 566.0+£29.4* 499+2.6
0.1 5839+194* 514+1.7
. 1 468.6 +23.5* 41.3+2.0
Bleomycin +
polysaccharide fraction of 10 389.4+27.3*% 343+24
plant leaves 100 3513+ 128 30.9+1.2
1,000 2470+ 14.6* 21.8+1.3
0.1 595.3 +23* 523+2.0
. 1 489.0 + 25* 43.1+2.2
Bleomycin +
polysaccharide fraction of 10 4274 +£233*% 37.6+2.0
callustissue 100 3586+ 13.9% 316412
1,000 2534+ 14.8% 223+1.3

*p > 0.05 (comparison with positive control)

or after bleomycin were shown not to be ableto pro-
tect the cellsfrom induced chromosome/DNA dam-
age. In other words, they had no protective or thera-
peutic effect. Thesameextractsapplied smultaneoudy
with bleomycin did not diminishthe number of MN in
KCL-22 cell linebut reduced (1.5-2 times) theinci-
dence of revertant coloniesin S typhimuriumculture.
Thus, they seemed to interfere with the mutagen and
partially prevent theemergenceof point mutations. The
polysaccharidefractionsisolated from plant leavesand
callustissue were observed not to stop the devel op-
ment of bleomycin-induced genetic damages when
added beforeor after themutagen. Added together with

bleomycin, polysaccharidessubstantidly (gpproximately
2-5times) decreased boththe MN (in KCL-22 cells)

-
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and revertant colony (in S typhimuriumculture) num-
bersinaconcentration-dependent manner. Earlier it has
been shown that polysaccharidesfrom few other me-
dicinal plants (Aloe barbadensis Miller, Lentinus
edodes, Ganoder ma lucidum, Coriolusvercicol or8
and Curcuma zedoarial*® also express the anti-
genotoxic activity. Inour experimentsthedifferencesin
theeffect of polysacchari des separated from plant leaves
and calustissuewerenot essentid.

Thus, oleander polysaccharidesthemsel veswere
reveal ed to possessthe anti-genotoxic activity which
did not manifest intheextracts. Plant medicinesareusu-
aly used aswholeextracts. Their effect often decreases
after fractionation or even after purification and, so,
cannot be eval uated asamere sum of constituents’ ac-
tion. The possibility of interactions between compo-
nentsand their pharmacological effects should not be
ignored aswell. The observed ‘masking’ of anti-mu-
tagenicactivity of polysaccharidesinwholeextract may
bearesult of neutralizing influence of other compo-
nents. Theoleander polysaccharidesby themsel vesmay
be considered asasubstance exerting anti-genotoxic
and anti-mutageni c effectsof pharmacologica vaue.

Thus, inthe present work it was demonstrated that
oleander tissuein caluscultureretainsthe main activi-
tiesof the plant. It can be concluded that this culture
can be used as abiotechnol ogical source of biologi-
cally/pharmacol ogicaly active compoundsof ol eander
to provide standardized and pure medicines.
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