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Abstract

Sutherlandia frutescergopularly known as cancer bush is endemic to Southern Africa. Whole plant parts have been used and traditional
healers claim that it can treat cancer. In this study it is shown that a crude adsetheslandia frutescenshole plant extract induced
cytotoxicity in neoplastic cells (cervical carcinoma) and CHO (Chinese Hamster Ovary cells) cell lines. Morphological observation and
monitoring with other biological assays involving chromatin condensation as well as phosphotidyl serine externalisation point to apoptotic
responses. Further biochemical assays showed similar DNA fragmentation patterns indGegbdnlandia frutescensxtracts compared
to other inducers of apoptosis such as staurosporine and ceramide. Furthe3atbeglandia frutescensxtracts induced apoptosis was
confirmed by flow cytometric analysis. These findings warrant further research with a view to dsuheplandia frutescerextracts for
use in anti-cancer therapy.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Sutherlandia frutescemspoptosis; Cytotoxicity; CHO (Chinese Hamster Ovary) cells; Cancer therapy

1. Introduction CHO and neoplastic cells. Previous work done&Zwao et al.
(2003)andNile et al. (2003)showed that plant extracts are
In South Africa traditional healers claimed ti&itherlan- able to induce apoptosis in cancer cells. Previous studies have

dia frutescengommonly known as cancer bush or “kanker- shown that medicinal plant extracts that induce apoptosis can
bos” treats cancer. The plant was first used by “khoi san” be used for the purpose of generating therapeutic drug.
and the “Nama” people and is distributed mostly along the  Induction of apoptosis, programmed cell death is one ap-
west coast of the Western Capéaf Wyk, 1997. Extracts proach to cancer therapyds et al., 2008 Apoptotic cell
of this plant have been used to treat stomach cancer; decocdeath is a physiological mechanism that eliminates unwanted
tions consumed as blood tonic and used for other ailmentscells by triggering the cell's intrinsic suicide prograltefr et
like cough, uterine disease and eye infectidfoghe et al., al., 1972. Impairment of the apoptotic mechanism ultimately
1998. Thomson (2002YescribedSutherlandia frutescens  generates a pathological condition thatincludes developmen-
as a poisonous herb and folklore on this plant describe thattal defects like, autoimmune diseases, neurodegeneration or
decoctions are curative against cancer. Based on these contrazancerous neoplasiRéed et al., 2001 Apoptosis is charac-
versial claims this study was set out to analyse the cytotoxic terized by morphological changes such as membrane bleb-
effect of crude plant extract to induce apoptosis in cultured bing, cell shrinkage, protein fragmentation, chromatin con-
cells. In this studySutherlandia frutescen@abaceae) ex-  densation and DNA degradation followed by rapid engulf-
tracts were used to evaluate its ability to induce apoptosis in ment of cell debris by neighbouring cellGlfritop, 2003. It
is therefore possible to take advantage of this intrinsic mech-
* Tel.: +2721 959 2460: fax: +2721 959 3505, anism by manipulating the apoptotic process for therapeu-
E-mail address2038192@uwc.ac.za. tic gains. The basis of this study was to broaden the under-

0378-8741/% — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2005.01.016



164

K.A. Chinkwo / Journal of Ethnopharmacology 98 (2005) 163-170

standing of the relationship between medicinal plants such asBloiemfontent and Free State. The plant specimens were au-

Sutherlandia frutescerend induced apoptosis, which could
be beneficial in anti-cancer therapy.

2. Materials and methods
2.1. Materials

Hams F12 medium, Roswell Park Memorial Institute
medium (RPMI) and Dulbecco’s Modified Eagle’s Medium
(DMEM) and Foetal calf serum (FCS) were obtained from
Gibco (Cape Town, South Africa), Staurosporine and Ce-
ramide were supplied by Sigma (Cape Town, South Africa).
ApoPercentag®! was supplied by Biocolor (Belfast, UK).

2.2. Cell culture

CHO cells were grown in Hams F12, Caski (cervical car-
cinoma) were grown in DMEM maintained as a monolayer
while Jurkat T lymphoma cells were grown in RPMI suspen-
sion medium. Both Hams F12 and DMEM media were sup-
plemented with 5% (v/v) foetal calf serum (FCS) and RPMI
was supplemented with 10% (v/v) FCS and 0.1% (v/v) strep-

thenticated by University of The Western Cape herbarium
(Bellville, South Africa) where voucher specimens are kept.
Leaves, stems and flowers 8titherlandia frutescensere
collected and washed with distilled water, dried in a ven-
tilated oven for 72h at 35C and ground to a fine powder
using Philips Cucina (HR173/37) domestic blender (Philips,
IND/BRAS, Brazil). The plant material was passed through
850um pore size sieve and 10g of powder was extracted
in 1L boiling water and allowed to cool prior to centrifuga-
tion at 1000x g. The supernatant was freeze-dried for 72 h
in the VIRTIS 5L freeze drier (VIRTIS New York, USA) to
obtain a dried powdered plant extract. Extracts were kept in
desiccators until needed. Different doses were used to test
apoptosis and were freshly prepared from extract stocks of
40mg/mL stored at-20°C (449 mg of freeze dried plant
material dissolved in 11.225 mL of distilled water to give a
final concentration of 40 mg/mL).

2.4. ApoPercentad® assays

CHO cells were seeded in a 96-well tissue culture plate.
The cells were confluent for 24 h before treatment with

tomycin was added in all media. The cultures were grown at the Sutherlandia frutescensxtract at concentrations be-

37°C in a humidified atmosphere of a 5% (v/v) € air. tween 1.5 and 10mg/mL. All values were expressed as
mearnt S.E.M. and this data was calculated from three in-

dependent experiments performed in triplicate and treated

over a period of 5min to 6 h. Experimental sets were gen-
Fresh and dried plant material was obtained from Kirsten- tly washed with 2x phosphate buffer saline (PBS) and re-

bosch Botanical Gardens (Cape Town, South Africa), placed with 10Q.L apoPercentad® dye and incubated for

2.3. Preparation of aqueous extract

(] _. ..J :"

ﬁ (F)
Fig. 1. Morphological observation &utherlandia frutescen&/CP extract tested on CHO and cervical carcinoma (Caski) cells at different exposure times.
CHO cells and Caski cells (2:610°) were grown in Hams F12 and RPMI media respectively. (A) Untreated control of CHO cells; (B and C) CHO cells
induced with 3.5 mg/mL wittSutherlandia frutescen&/CP extract and treated for 8 and 24 h respectively; (D) Untreated control of Caski cells; (E and F) are

Caski cells treated with 3.5 mg/mL &utherlandia frutescen8VCP extract and treated for 8 and 24 h, respectively. The cell morphology was observed using
an inverted microscope at 280magnification (Nikon). Cell death was indicated by cell shrinkage, cell disintegration and reduction in cell number.
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a further 60 min at 37C. After 60 min staining, the cells  and processed using integrated software (Becton Dickinson-
were washed twice with 1Q0L PBS to remove un-trapped  Bioscience FACS CaliblM software San Jose, California,
dye. The cells were visualised under a light microscope and USA).

photographs were taken using the 200bjective. Dye re-

lease agent (100L) was added and incubated for 10min 2.8, Statistical analysis

at room temperature. The cell bound dye recovered in solu-

tion was measured using a microtitreplate colorimeter. Ab- Results are expressed as messtandard errors of the
sorbance was read at 550 nm (maximum dye absorbance) angheans for each series of experiments. Levels of statistical

625 nm (minimum dye absorbance). The difference betweensijgnificance were calculated using Wilcoxon sign rank sum
these two values was taken as the real absorbance for thgest.

recovered dye that was trapped in the cells.

2.5. DNA fragmentation 3. Results

Cells were grown in 25 cfhflasks and treated for the re- 3.1, Morphological changes in cultured cells induced by
quired time periods with respective apoptosis inducers be- gytherlandia frutescens extracts

fore being transferred into 1.5 mL micro-centrifuge tubes.

The cells were centrifuged at 1618Qy for 5min. The pel- Based on the controversial claims of the effecBather-

let was resuspended in 0.5mL TTE (Tris-EDTA (ethylene |andia frutescensmorphological screens (bioactivity test-
diamine tetracetic acid)) followed by vigorous vortexing. To ing) of collections of theSutherlandia frutescensiicro-

the 0.5 mL solution already in the tube, 0.1 mL ice-cold 5M  phylia obtained from different selected populations in South
NaCland 0.7 mL ice-cold isopropanol were added. The tubes Africa were undertaken. It was observed that a particular

were vigorously vortexed and placed-a20°C overnightto  extract from the Western Cape Province (WCP) was more
precipitate the DNA. Samples were centrifuged at 16,2@0

for 10 min at £ C. The pellets were washed once with 0.5 mL - .
= \ MY
70% ice-cold ethanol and centrifuged at 16 20§for 10 min .”’1”:‘ spa
at 4°C. The supernatant was removed and the tubes were & e"" !
dried at 37C. The pellets were dissolved in 4% Tris- h\ ‘ "
(L)
>~

mh
L. . - "‘ g A,
EDTA containing 5uL loading buffer. The samples were ﬂt:(j,l.".
| P
d \/

analysed by electrophoresis on 1.8% agarose gels stainec -

with ethidium bromide (0.5.g/mL). .'-‘E'L Q”" s \\E
282540
.‘\ L] b

2.6. Crossmon trichrome stain (A)fn - nl'z ".

Hydrated smears were stained in a 0.1% acid
fuchsin/orange G stain for 5s, rinsed in water and trans-
ferred in 1% light green for 30 min. After staining the smears
were briefly rinsed in water and dehydrated through ascend-
ing grades of ethyl alcohol, cleared in xylene and mounted
in Canada balsam.

2 (Dmﬁ%ﬂf \

N b
2.7. Flowcytometry (immunofluorescence) analysis Crmmin®'y

. Fig. 2. Apoptotic effects oSutherlandia frutescerextracts on CHO cells.
CHOcells (Or Jurkat T cells were approprlate) were plated CHO cells were grown on Hams F12 and treated with 3.5 mg/nfLofier-

in a 5mL culture flask and induced with the appropriate |andia frutescenaqueous WCP extract for 6 h (B, D). (A and B) Cell death
Sutherlandia frutescerextract or staurosporine. Cells were was determined using the apoPercentage assay. (A) Untreated control CHO
washed twice with cold PBS and then resuspended with 1x cells. (B) CHO cells treated witButherlandia frutescen&CP extract. The
binding buffer. The resuspended cells (lﬂ() were trans- arrow indicates trapped dye within the cellular cytoplamic matrix. Cells

" dt 15mL tube. To thi i in \-PE d were observed at 260 magnification using an inverted light microscope
erredio a m u_ €. O_ IS }EL Ol annexin an (Nikon). (C and D) Cytological staining using crossmon trichrome on CHO
Sl of 7AAD (7-amino actinomycim) were added to the  cejis. Cells were grown in Hams F12 and treated with 3.5 mg/mL WCP ex-
cells and were gently vortexed and incubated for 15 min at tract fromSutherlandia frutescengtydrated smears were stained in 0.1%
room temperature (2XC) in the dark. The binding buffer  acid fusion/orange G stain for 5, rinsed in water and transferred to 1% light
(400uL) was added in each tube and analysed by flowcy— green for 30 min. They were observed at 200x magnification using con-

. s ventional light microscope (Olympus, Japan). (C) Control-Untreated CHO
tometry using 488 nm Wavelengths within 1\Ve(meu|en et cells. (D) CHO cells treated witButherlandia frutescen#/CP extract at

al., 2003. Both the fluorescence and the physical properties concentrations of 3.5 mg/mL. Chromatin condensation is turns pink stain in
of the cells were analysed by analog digital converter (ADC) the cells as indicated by the arrow.
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active (cytotoxic) compared to the other two from North- there are active constituents in the plant extract that causes
ern Province (NP) and Orange Free State (OFT) (data notmorphological changes and cell death. This morphological
shown). The morphological changes indicated that cell deathassay was not enough to confirm apoptosis.

occurred in both CHO and Caski cellsig. 1). In untreated

controls Fig. 1A and D) the cells appear morphologically 3.2. The investigation of Sutherlandia frutescens

normal while cells B and E treated at 8 h with WCP extract induced apoptosis on CHO cells using apoPercen-EMge
were vacuolated with condensed nuclei and showing mem-assay and crossmon trichrome stain

brane damage. At 24 h the treated cefligg( 1C and F) show

morphological disintegration. This experiment suggests that  In order to confirm that the morphological cell death ob-
served inFig. 1 was due to apoptosis an assay that takes
advantage of the “flip-flop” mechanism in apoptotic cells

0.18 7 was first utilized. During the apoptotic proceddaftin et
El i + al., 1994; Savill and Fadok, 20p@ flip-flop occurs re-
g 81‘2‘ N J( sulting in externalisation of a phospholipid in the plasma
R membrane, phosphotidyl serine. The apoPerceftagiye
_;E; 0.08 gains entrance into the cells, and when it is trapped, it is
2 006 a diagnostic tool for apoptosis. The apoPercentdgessay
< .04 (Fig. 2) indicated that CHO cells not treated with WCP ex-
0.02 Hgg [ 1 < B € 1|23 |1 tract (control) had no dye and therefore is morphologically
0 intact (Fig. 2A). An apoPercentad® assay was carried out
0 1.5 2 25 3.5 4 4.5 5 . .
o on CHO cells treated witlutherlandia frutescersqueous
@A) Concentration in mg/mlL extracts from WCP ata concentration of 3.5 mg/ralg( 2B).
0.18 — CHO cells treated with WCP extract showed cellular shrink-
0.16 age and contained pink dye when observed under the mi-
E 0.14 | M M croscopeltig. 2B). This trapped dye indicates that the cells
g o012 were positive for apoptosis and thatitherlandia frutescens
g 0%‘;: extract from the WCP activated apoptosis. Cells dying of
2 0,06 apoptosis displayed condensed chromatintén, 1999. It
2 oo0al was confirmed that chromatin condensation was induced by
< 002 HHH IHH ,mm lﬂﬂ IHH IHH ,HH 1:‘ _Sutherlandiafrqtesceratra_ct; (3.5mg/mL) frpm WCP us-
0 ing crossmon trichrome staifig. 2C and D). Sinc&uther-
0 450 s 606570 TS landia frutescengxtract from WCP activated apoptosis in
(B) Time (min)

Fig. 3. (A) Effect ofSutherlandia frutescensxtracts on CHO cells. CHO
cells exposedsutherlandia frutescersxtracts (1 WCP, 2 NP, 3 OFT) for

6 h from different selected plant population in South Africa. The percent-
age cell death was determined using apoPerceHtagssay. Absorbance
was read at 540 nm (maximum dye absorbance) and 625nm (minimum
dye absorbance). The difference between these two values was taken as 517
the real absorbance for the recovered dye that was trapped in the cells. An ;%f%
absorbance reading above 0.05 at 540 nm indicated cell death. Cells not af- ;
fected by cytotoxicity had an absorbance range between 0.0 and 0.05. Where 201
error bars are not shown, the standard error of triplicates is smaller than

the size of the symbol. Results are expressed as absorbance (peak heights)

for triplicate experiments S.E.M. Values that differed significantly from -
untreated control are indicated as follows: extracPl<0.05 (at concentra-

tions 1.5-5mg/mL). Extract 2B<0.05 (at concentrations 4.5-5mg/mL).

Extract 3=P<0.05 (at concentration 5 mg/mL). (B) The effect of different
Sutherlandia frutescerextracts (1 WCP, 2 NP, 3 OFT) on CHO cells (cell

death) at specified time-intervals and at a concentration of 3.5 mg/ml. Cell Fig. 4. DNA fragmentation assay of genomic DNA from CHO cells treated
death was determined using the apoPercefthgabsorbance was read at  with Sutherlandia frutescen/CP extract and different known inducers of
540 nm (maximum dye absorbance) and 625 nm (minimum dye absorbance).apoptosis. CHO cells were treated with 3.5 mg/mL extractuM3stau-

The difference between these two values was taken as the real absorbanceosporine and 100 mM ceramide, respectively for 6 h. After ceramide treat-
for the recovered dye that was trapped in the cells. An absorbance readingment, two fractions of genomic DNA were obtained, the supernatant and
above 0.05 at 540 nm indicated cell death. Cells not affected by cytotoxi- pellet. Genomic DNA of untreated and treated CHO cells were extracted and
city had an absorbance range between 0.0 and 0.05. Where error bars arsize fractionated on a 1.8% agarose gel and stained with ethidium bromide
not shown, the standard error of triplicates is smaller than the size of the (0.5png/mL). Lanes (1) standard DNA molecular weight marker (Lambda
symbol. Results are expressed as absorbance (peak heights) for triplicate exbNA digested with restriction enzyme Pstl); (2) positive control (stau-
perimentst S.E.M. Values that differed significantly from untreated control  rosporine); (3)Sutherlandia frutescensxtract; (4) ceramide supernatant;
are indicated as follows: extract 1P= 0.05 (at times 45—75 min). (5) ceramide pellet fraction, and (6) untreated (negative control).

1.2
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CHO cells, it was necessary to investigate the dose responselose of extract from WCP is increased from 1 to 4 mg/mL

and time of activation of apoptosis by the differ&uther- (As50>0.1) for 6h. There was no increase in absorbance
landia frutescensxtracts collected from the various selected observed with extracts from OFT at all concentrations. Ex-
populations. tract from NP showed a slight increas&s;£0<0.08) at 3.5

and 4.5mg/mL. The dose response indicates different ac-
3.3. Dose response and time course experiment on CHO tivities in the different populations tested. The time course
cells by Sutherlandia frutescens induced apoptosis using  experiment was intended to evaluate the shortest possible

apoPercentagé’ assay time for activation and detection of apoptosis using the dif-
ferent collections ofSutherlandia frutescenextracts with
In this sectionSutherlandia frutescerextracts from dif- the apoPercenatal}é assay Fig. 38). CHO cells were ex-

ferent selected populations were tested to establish whichposed to differenSutherlandia frutescersqueous extracts
population was more active by evaluating dose responseat concentrations of 3.5mg/mL at specified time interval of
and the time course experiment. The different collections of 0—75 min to all treated and untreated cells and subsequently
Sutherlandia frutescensqueous extracts from separate se- 5min interval for the different triplicate samples. Extract
lected collection were again tested using apoPerceHtage from WCP showed an exponential increase in activity be-
assay on CHO cells to establish a dose respoR&g 9. tween 0 and 65 minAsso>0.01) and a drop in activity be-
The result shows arise in absorbandss6>0.05) whenthe  tween 65 and 75 minAgso> 0.10). Extracts from NP and
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Fig. 5. Histogram analysis of Jurkat T cells stained with annexin-V PE dye. Jurkak T@) cells were cultured in a 5mL culture flask (Secti&zn) and

treated where appropriate for 6 h wiutherlandia frutescen&/CP extract (3.5 mg/mL) or staurosporine (ju/8) stained with annexin-V dye and subject to
flowcytometry. (A) Untreated cells (control). (B) Cell treated with staurosporine, positive control. (C) Cells treat&lithignlandia frutescen&CP extract.

TheX- andY-axis represent the relative fluorescence intensity and cell counts, respectively. M1 and M2 represent the percentages of viable cells and non-viabl
(apoptotic) cells, respectively.
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OFT showed no change in activity from 0—70 min but a slight to the third decade indicates necrosis. The percentage of cells

increase in activity of extract from NP at 75 mifso> 0.04). in the untreated sample that are normal is >9@44.(5A).
Cells treated with staurosporine showed more than 80% of

3.4. Sutherlandia frutescens extract induced DNA apoptotic cell deathHig. 5B). Apoptosis is further indicated

fragmentation is similar to staurosporine and ceramide by the histogram result where about 14% of the cells popula-

tion were viable (M1) while more than 84% of the cells were

Initial results showed th@utherlandia frutescerextract ~ @poptotic (M2) induced bysutherlandia frutescenextract
induces apoptosis, and it was intended to compare the DNA(Fig. 5C). The flowcytometric results indicated that WCP
fragmentation pattern with other known inducers of apop- €xtract had apoptotic activity. The dot plétig. 6) indicated
tosis Fig. 4). DNA fragmentation was observed when ge- that cells in the A region were normal (FSC pattern) while
nomic DNA extracted from staurosporine or ceramide treated Cells in the B region (SSC pattern) were apoptotic.

CHO cells Fig. 4, lanes 2, 4 and 5). Genomic DNA extracted

from cells treated wittSutherlandia frutescerextract from

the WCP also displayed fragmentatidfid. 4, lane 3) and ] . ]
as expected no fragmentation was observed with DNA ex- 4. Discussion and conclusion
tracted from untreated cellBig. 4, lane 6). This result further

suggests thabutherlandia frutescerextract from the WCP Apoptosis is a form of programmed cell death that occurs
had apoptotic activity due to the fragmentation of genomic naturally in cells and can be beneficial to cancer therapy as
DNA. previously studied4{immermann et al., 20Q1Several apop-

totic tests were utilized to validate the claim of cancer thera-
peutic benefit oSutherlandia frutesceres used by herbal-
ists. The results show that extractseftherlandia frutescens
from South Africa had apoptotic activity in three different cell
lines; CHO, Caski and Jurkat T lymphoma cells. These cells
displayed morphological disintegratidri¢. 1) and other cel-
lular membrane change indicative of apoptosis. Furthermore
it was demonstrated that apoptosis occurred as a result of
flip-flop translocation of phosphotidyl serinEig. 2), a cel-

lular phospholipid membrandjartin et al., 1994; Savill and

3.5. Analysis of Sutherlandia frutescens induced
apoptosis on CHO cells using flowcytometry

Flowcytometry was used to evaluate the behaviour of cells
treated with an apoptotic agent®utherlandia frutescerex-
tract from the WCP to determine apoptosis. A control exper-
iment was designed where Jurkat T cells were grown and un-
treated or treated with 3.5 mg/mL 8itherlandia frutescens

extract or 1.3.M staurosporine for 6 h prior to flowcytometry Fadok 2000. There are some similarities between apop-

using the annexin-V dyéd~{g. 5B). Normal cells remainin the . o . h
: L tosis and normal mitosis such as chromatin condensation,
first decade and the percentage indicates the number of nor-

mal cells in the population. The second decade indicates Ce"dissolution of nuclear membrane and activation of cyclin-
bop i {Jlependent kinase#é(ton, 1999. Therefore apoptotic frag-

death and the percentage indicates the number of cells thaments usually contain condensed chromatin showRign2.

died naturally within the population. A shift along tKeaxis . o . . .
(relative fluorescence) therefore indicates apoptosis and shi1‘tThere Is a further propOS|t_|on that during apoptoss there is

DNA cleavage at the matrix attachment region where loops
of chromosomal DNA are attached to the loops of the nu-
clear matrix resulting in chromatin condensatiokn{on,
1999.

To confirm thatSutherlandia frutescerextracts induced
apoptosis, a dose response and time course experiment with
the different selected plant populations was made. The results
show that extracts from WCP have more apoptotic activity
than the other extracts (NP and OFT). This result may indi-
cate that the action ddutherlandia frutescersxtract from
WCP is both time and dose dependent. The observation that

1000
L
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I
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aal

Side scatter
SSC-Height

400

1® Apoptosis | (A)N

o ]
oE the extracts from the other selected population did not have
1 RS apoptotic activity suggests that certain environmental chal-
° o 200 400 600 800 1000 Ignges on the different plants may cause them to sythe_zsize
FSC-Height different or new compounds and thus making them distinct
Forward scatter in different areas. These different compounds present in the
same species could be attributed to plants which differ from
Fig. 6. Dot plot of Jurkat T cells treated with 3.5 mg/mL wifutherlan- — — their area of collection based on soil composition, protection

dia frutescen®xtract for 6 h. The flowcytometric analysis shows physical . . . .
properties. Th&- andY-axis represents the forward and side scatter, respec- against environmental factors (e.g. hlgh UV) Ieadlng to the

tively. A represents the normal cell population in the graph and B represents Synthesis and accumulation of secondary metaboltésk
apoptotic cell population. 1999.
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The DNA fragmentation technique was applied, as it is tion of these compounds, it will be vital to evaluate extracts
known to be hallmark of apoptosi¥Wllie, 1980 to com- from different parts oButherlandia frutescer(seeds, roots,
pare theSutherlandia frutescensxtract with other known  stems, leaves and flowers).
inducers of apoptosis such as staurosporine and ceraminde In summary, the claim by traditional healers t&aitther-
as positive controls, DNA fragmentation, coupled with mor- landia frutescendas anti-cancer properties has been par-
phological appearance of chromatin condensation, is a directtially validated by identifying an extract in the plant that has
result of DNA cleavage. It occurs as a result of activation marked apoptotic activity. The mechanism of apoptotic ac-
of endogenous G4 and Mg endonucleases, which are en-  tion is not fully understood but one could speculate that this
zymes that selectively cleave DNA at sites located within the extract activates the central death caspase 3, which is regu-
nucleosomal subunits generating strand breaks of multiple lated by apoptosome compleX{éngartner, 2000 However,
integers of 50-200 bp fragmenté/llie, 1980. Since the this apoptotic activity seems not to be universally present
Sutherlandia frutescerextract produced comparable results in all Sutherlandia frutescerextracts tested in the selected
to the known apoptotic inducers staurosporine and ceramidepopulations studied (or present at very low levels). It can be
(Haefena et al., 2002McKeaguel et al., 20Q3it provides anticipated that some of these compound$utherlandia
further support for its apoptotic activity. frutescensextracts, if structurally identified and character-

It was seen in the initial results thautherlandia ized (Mass Spectroscopyt! nuclear magnetic resonance)
frutescengxtract from WCP has the ability to cause apoptotic may be candidates for anti-cancer drug development.
cell death in cultured cells as shown by morphological ob-
servation (microscopy), phosphotidyl serine externalisation
(apoPercentad¥ assay), chromatin condensation (cross- Acknowledgements
mon trichrome) and nuclear fragmentation (agarose gel elec-
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