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Abstract. Growth inhibitory activities of novel water extracts of
Uncaria tomentosa (C-Med-wo?M) were examined in vitro
using two human leukemic cell lines (K562 and HL60) and one
human EBV-transformed B lymphoma cell line (Raji). The
proliferative capacities of HL60 and Raji cells were strongly
suppressed in the presence of the C-Med-100" while K562 was
more  resistant  to the inhibition. Furthermore, the
antiproliferative effect was confirmed using the clonogenic assa
which showed a very close correlation between C-Med-100
concentration and the surviving fraction. The suppressive effect
of Uncaria tomentosa extracts on tumor cell growth appears to
be mediated through induction of apoptosis which was
demonstrated by characteristic morphological  changes,
intemucleosomal DNA  fragmentation dfter agarose gel
elec_frrau}mmu and DNA fragmentation quantification. C-Med-
100" induced a delayed type of apoptosis becoming most dose-
dependently prominent after 48 hours of exposure. Both DNA
single and double strand breaks were increased 24 hours after C-
Med-100™ treatmeni, which suggested a well-established
linkage between the DNA damage and apoptosis. The induction
of DNA strand breaks coupled to apoptosis may explain the
growth inhibition of the wmor cells by Uncaria tomentosa
extracts. These results provide the first direct evidence for the
anfitumor properties of Uncaria tomentosa extracts to be vig a
mechanism of selective induction of apaptosis.

Uncaria tomentosa (Willd.) DC (also known as “Uiia de gato”
or “Cat’s claw™) has been used in South American traditional
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strand break; PE; plate efficiency; R10, RPMI 1640 medium
supplemented with 10% fetal calf serum; SSB, (DNA) single
strand break; SF, survival fraction.
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medicine. The native Indians particularly of the Amazon
region use teas made of the bark or roots for the treatment of
a variety of health disorders including cancer, arthritis and
infectious diseases. Organic solvent extracts of this plant were
shown to have cytostatic, contraceptive, and anti-inflam-
matory activity (1). Components isolated from these types of
extracts have been shown to enhance phagocytosis (2),
antiviral, anti-inflammatory and anti-mutagenic activities (3-
6). Although a few cases of cancer treatment have been
reported from internet sources, so far there has been little
scientific data regarding the antitumor effect of Uncaria
tomentosa.

Plant constituents have been important sources for
anticancer drug development. Taxol, camptothecin, vinbla-
stine and vincristine represent some of the most important
drugs currently utilized for the treatment of human cancers,
These lead compounds have been used as models for the
development of novel chemotherapeutic drugs (7, 8). New
discoveries of anticancer components from plant sources have
been reported recently including betulinic acid as a selective
inhibitor of human melanoma via induction of apoptosis (9),
and combretastatin A-4 as an agent that displays potent and
selective toxicity toward tumor vasculature (10).

It has become increasingly evident that apoptosis
(programmed cell death) is an important mode of action for
fmany cancer treatments including ionizing radiation (11),
alkylating agents such as cisplatin and 1,3-bis(2-chloroethyl)-
L-nitrosourea  (BCNU)  (12), topoisomerase  inhibitor
etoposide (13), cytokine tumor necrosis factor (14), taxol
(15), and N-substituted benzamides such as metoclopramide
and 3-chloroprocainamide (16). Apoptotic induction has been
a new target for innovative mechanism-based drug discovery
(17, 18). In this study, the antitumor effect from a unique low
molecular weight water extract of Uncaria tomentosa was
investigated using in viro cell models. Moreover the
mechanism was related to recent cell and molecular biological
development of cancer rescarch.

Materials and Methods

Materials. A C-MED-100'"™ concentrate was prepared from C-Med-
100™ water extracts supphied commercially by CampaMed, Inc.,
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Arlington, Vermont. CampaMed’s cxtracts were dialyzed againsi
distilled water and the dialyzed portion concentrated 10 a stock sofution
of 8 mg/mi for all the in virro cell assays. RPMI 1640 medium aad fetal
calf serum (FCS) were obtained from Gibco BRL (Gaithersburg, MD,
USA). Proteinase K and RNAse were purchased from Sigma, Inc. The
100 base-pair DNA Iadder marker is available from Pharmacia BioTech
and polycarbonate filters were from Millipore. [6-3H]:hymidinc (2
Cifmmol) was supplied by Amersham Life Science.

Cell cudture. Cells from the human leukemic cell lines HL60 and K562 as
weil as the lymphoma cell line Raji were grown in RPMI 1640 medium
supplemented with 10% fetal calf scrum (R10) in u 5% CO; &0%
humidity and 37°C incubator. The cells used in all the experiments were
first subcultured for 2 days at an initial density of 2 x 10° prior (o use in
the in vitro assays. This resulted in an exponential growth stage and the
cell viability was > 95% by trypan blue exclusion.

Cell proliferation by MTT assay. The unli-proliferative capacity of C-Med-
100™ was determined by a colorimetric MTT assay as already described
(19). Bricfly, 10 wl of serial duplicate dilutions of C-Med-100™ were
added to 190 pl of HL60 cells (0.05 x 10° cells/ml} in 96-well, fat-
bottomed plates {(Corning, NY) to give a final concentration range of C-
Med-100™ from 1.6 pg/ml 1o 400 pgml. Plates were incubated for 72
hours at 37°C and then pulsed with 20 pl MTT (5 mg/ml, Sigma) and
incubated for an additional 3 hours at 37°C. Reduced MTT was
measured spectrophotlometrically with an automated plate reader at 540
nm after lysis of cells with 150 pl of dimethylsuifoxide (DMSO) and 25
0.1 M glycine buffer (pH 10.5).

DNA synthesis determined by fi H{-thymidine incorporation. Exponentially
growing cells suspended in fresh R10 at a density of 0.05 x 10%ml were
plated in 96-well, (lat-bottomed plates_together with equal volume but
different concentrations of C-Med-100™ (final concentration range 0-
200 pg/ml) aad cultured at 37°C and 5% COa- for 3 days. The cells were
then incubated with 1 pCifwell of IJH}thymidinc for 1 hour. Labcled
nuclear material was collected on glass fiber filkers in a microtiter plate
cell harvester, dried and counted in scintillation fluid (Ready Safe™.
Beckman, USA). Each dose was done in quadruplicate, and the data are
presented as mean * SD.

Moarphological measurement of apoptosis. HL6O cells were routinely
cultured at a density of 0.5 x 10%ml up 1o 3 days in RL0 in a 5% CO,
atmosphere at 37°C before they were harvested by ceatrifugation and

" resuspended in fresh medium at a concentration of 0.5 x 10 cells/ml in
15 ml sterite SARSTEDT test tubes. Next the cells were expased to a -
MED-100™ preparation at a concentration of 0.397 mg/ml in final
concentration for 3, 6, 24, 48 and 72 hours at 37°C. Hydrogen peroxide
(50 pM) and y-radiation (5 Gy) were used as positive controls. The
cytatoxicity was evaluated as percentages of apoptotic and necrotic cells,
where apoptotic cells were counted by morphological criteria (as having
chromatin condensation, shrinkage, membrane blebbing, fragmentution
and appearance of “apoptotic bodies™) using phase contrast micrascopy
(400 x magnification), and necrotic cells by trypan blue staining.

DNA  fragmentation assayed by agarose gel elecirophoresis.  Afier
incubation with C-Med-100™ for 3 days at different concentrations. 2 x
10° Celis were pelleted and suspended in 0.25 ml TC-buffer (10 mM
Tris, ! mM EDTA, pH 8.0) and 0.25 ml lysis buffer (5 mM Tris, 20 mM
EDTA, 0.5% Triton X-100, pH 8.0). The samplc was then vortexed and
incubated for 30 minutes a1 4°C und spun at 13,000 ¢ for LS minules. The
DNA of low molecular weight in the supernatant was transferred to
new tube where | ml cold ethanol and 25 mi SM NaCl were added and
stored in the freezer (-20°C) over night. The DNA sample was then
centrifuged al 13,000 g for 15 minutes, vacuum-dried and resuspended in
30 pl TE-buffer and enzyme digested consecutively by addition of | pl
RNAsc A (50 mg/ml) and 1 pl proteinase K (25 mg/ml) in a waterbath ar
37°C for 1 hour. After the addition of § ul sample buffer (0.5% SDS,
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0.25% bromphenolblue and 40% sucrose in TE-buffer), the DNA
sample was run in a 1.8% agarose gel for 3 hours and visualized under uv
light. The image of DNA ladder was photographed and analyzed by the
suftware Gel-Pro™ (Media Cybernetics).

Quantitative  DNA  fragmentation assuy. DNA fragmentation was
quantified us described by Matzinger (20) and modified by Rokhlin (21).
Briefly, 2 x 107 cells were incubated night in T-25 flasks with 5 ml of
RI0 in the presence of 10 pGi om}wdhe. then washed and
resuspended in fresh R10 ot u density of 0.05 x 10 cells/ml. 190 l of the
cell suspension was added to each well of the 96-well flut-bottomed
plates in the presence of 10 ul C-Med-100™ in different concentrations
(final concentrations: 0 - 100 pe/mi). The cells were cultured for 0, 6. 24
and 48 hours and the DNA of the cells were harvested on a glass Fhver
filter. Fragmented DNA was washed through the filter, while the intuct
DNA trom living cells was retained there. The incorporated radioactivity
of the DNA retained on filter was measured by liquid scintillation
counting and the results were calculated as % of control at the same
time paint.

Cell survival by clonogenic assay. The assay used is based on a semisolid
microtiter culture system with 0.6% (wiivol) methyl cellulose and 10%
fetal caif serum in culture medium (19). HL60 cells were seeded at &
density of 80,1600 and 3200 cells per culture and cultured for 7 days in
a 96-well flat-bottomed microtiter plate. After 7 days of incubstion
under standard culture conditions, colonies (> 40 cells) were counted by
an inverwed light microscope. Clonogenic survival data was processed
and analyzed according Lo Gupta er af (22). The surviving fraction (SF) is
calculated as the plating efficiency (PE) of treated cells divided by the
PE of untreated control cells, and while the PE is calculated as the
number of colonies per well divided by the number of cells originally
seeded.

DNA single and double strand breaks. Exponentially growing HEL60 cells
at a density of 1 x 10° were incubated together with C-Med-100™ for 24
hours at 37°C. After the treatment, about 1 x 10° cells were layered
directly onto 25 mm diameter and 2 pm pore size polycarbonate filters
(Millipore). DNA single sirand (SSB) and double strand breaks (DSB)
were eslimaled by alkaline and neutral filter elution as described by
Kobn et al (23) with modifications to measure the unlabeied DNA by
microfluoromeiry (24).

Results

Effects on cell proliferation. Figure 1 displays the dose
dependent inhibition of cell proliferation in two human
leukemic cell lines (K562 and HLE0) and one lymphoma cell
line (Raji) by C-Med-100™. Using the [3H]-thymidinc DNA
synthesis technique, C-Med-100™ was a more potent
proliferation inhibitor in HL60 and Raji cells than K562 cells,
with ICsp values of 71, 84 and 200 pg/ml, respectively. The
MTT proliferation assay showed a similar distinguishable
difference of growth inhibition between HIS0 (ICsg = 100
ug/ml) and K562 (ICsy = 267 pg/ml) although the DNA
synthesis assay seems to be more sensitive.

Clonogenic Assay. The antitumor effect of C-Med-100™ was
also demonstrated by clonogenic assay. As seen in Figure 2,
there is a very close dose-response relationship between C-
Med-100™ concentration and the colony survival fraction (R2
= 0.9924, p < 0.0001 by exponential curve fitting). The ICsp is
about 83 pg/ml for this assay in HLAO cells.
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Figure 1,
and Raji Cells. Cell growth were assessed by both
incorporation and MTT assay. Resulis are shown as mean
and fitted by exponential or polynomial curves.

Induction of apoptosis. Previous work in our laboratory and
others have shown that HL60 is a good in vitro model for
induction of apoptosis (16). Using this model we found that
C-Med-100™ could induce a delayed type of apoptosis. The
data in Figure 3 compares the dose response and time course
of the induction of apoptosis by C-Med-100"™ to two well-
known apoptosis inducers, hydrogen peroxide and -
radiation. Although C-Med-100™ induced apoptosis as early
as after 6 hours at higher doses (200 and 400 pg/mi), it
induced massive apoptosis only after about 24-36 hours
incubation whereas classic apoptotic inducing agents such as
hydrogen peroxide and radiation had completed their cycle of
induction of apoptosis before this time interval, There was
also a dose response of C-Med-100™ from S0 to 400 pg/m,
and the dose dependent induction of apoptosis remained up
to 72 hours. Unlike hydrogen peroxide that induced necrosis
as well as apoptosis with increasing time of incubation, C-
Med-100™ did not significantly increase necrosis but.
massively induced apoptosis. These data show that C-Med-
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Figure 2. Clonogenic sunvival of HLOO cells treated with C-Med-100™
The cells were cultured in « 96-well flat-bottomed miicrotiter plate for 7 days
and the colonies (> 40 cells) were counted by an &md!@umirmmopc.
Data points are averages from 4mnpksmdmbmmm: the upper
and lower limits of the 95% confidence interval for the point estimated with
Poissan probability. Trend line was [fitted by exponential curve with the ICso
= &3 pigiml.

100™ inhibits the tumor cell
apoptosis.

The apoptotic morphological change after C-Med-100T™
reatment was further confirmed by the agarose gel
electrophoresis of DNA fragmentation from HL60 treated
with C-Med-100™ for 72 hours (Figure 4). Here, with an
increase of C-Med-100™ dose, the DNA fragmentations (180
bp, 380 bp or 600 bp) typical of apoptosis could be visualized
ata dose of 80 pg/ml and became more evident at the higher
dose of 200 pg/ml (Figure 4),

Apoplosis  was  also  quantified using the DNA
fragmentation assay in relation to C-Med-100™ dose in both
HL60 and KS62 (Figure 5). As expected, the apoptosis
resistant cell line K562 showed only minor changes in
apoptotically mediated DNA fragmentation over time while
the apoptosis sensitive cell line HL60 revealed dose
dependent induction of DNA fragmentation over time
(Figure 5),

growth mainly by induction of

DNA strand breaks, Apaptotically mediated DNA damage by
C-Med-100™ was further confirmed by measuring single
strand breaks with alkaline elution and double strand breaks
with neutral elution 24 hours after the drug treatment. It is
clear from Figure 6 that C-Med-100™ induced DNA damage
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Figure 3. Dose response and time cowse of induction of apoptosis and
necrosis in HLGO cells by different doses of C-Med. 100™ (50. 100, 200 and
400 pgiml) and controls (negative control and Ppositive controls as radiation
and hydrogen peroxide), Apoptosis was assessed by light microscopic
examination of morphological changes and counting at least 200 cells per
sampie. Necrosis was defined as trypan blue stained cell. The results are
shown as mean + 5D fn =z 3).

in the human leukemic HL60 cell line in a dose-dependent
pattern. At the dose of 200 pg/ml, C-Med-100 induced
about 50% single strand breaks and 25% double strand
breaks.

Discussion

The C-Med-100™ Water extracts clearly demonstrated a
dose-dependent inhibition of celf proliferation in two human
leukemic cell lines (K562 and HL60) and one lymphoma cell
line (Raji) using two proliferation assays (Figure 1), The cell
growth inhibition caused by C-Med-100™ was also confirmed
by the clonogenic assay, the gold standard for determining
¢ytotoxicity induced by physical (e.g. radiation) and chemical
agents (25). These results are in agreement with a previous
repoit (26) on the inhibition of the proliferation by oxindole
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Figure 4. Induction of DNA fragmentation by different doses of C-Med 100
in HLOG cells. The cells were cultured in the presence of different
concenirations of C-Med-100™ for 3 days and DNA extracted and
analysed in a 1.8% agarose gel elecirophoresis. Lane A, 100 base-pair DNA
ladder marker (Phannacia Biotech); lane B- ¥, C-Med-100™ a¢ o dose of
0, 8, 40, 30 and 200 pgimi.

alkaloids obtained from Uncaria tomentosa (Willd.) DC
whereby the mechanism of action was by induction of
differentiation towards macrophages in  U-937 cells
(lymphoma cell line) and towards granulocytes in HLGO cells,
However, C-Med-100™ is a water extracts and oxindole
alkaloids are not particularly soluble in water,

The significant difference in ICsp values between HI60
and K562 has prompted us (o further investigate the
mechanism  of growth inhibition by C-Med-100™
preparations. It is well known that H160 cells are sensitive to
different apoptotic stimuli whereas K562 cells are not (13, 27,
28). HL60, an acute myeloblastic leukaemic cell line,
although lacking p53 (29), could still cleave poly(ADP-ribose)
polymerase (PARP) at the onset of apoptosis, while such
cleavage was not detectable in K562, a chronic myelogenous
leukemic derived cell line (30). The resistance of K562 to cell
proliferation inhibition by C-Med-100™ in the present study
correlated well with previous findings that this cell line is
particularly resistant to apoptosis induced by cytotoxic agenls
(31). Indced, we could demonstrate apoplosis induction by C-
Med-100™ in a dose dependent pattern in HL60 cells by
morphological changes, DNA fragmentation by gel
electrophoresis and DNA fragmentation quantification by
[BI {}-thymidine releasing, while KS62 was much more
resistant 10 apoptosis induction by C-Med-100™ (Figure 5).

These data suggest that C-Med-100™ inhibits col



Sheng et al: Uncaria Tomentosa, Apoptosis and Clonogenic Growth

C-Med-100 Concentration

80 - —dr—25 pg/ml in HL-60 celis
~~i~50 pyg/ml In HL-60 cells
—8—100 pg/ml in HL-60 celis
25 pg/ml In K662 cells
=50 pg/ml in K562 cells
=100 pg/m! In K562 colls

60

0 10 20 30 40 50
Call Culture Time (hr)

Figure 5. Induction of apoptosis by €-Med- 100™ treatinent assessed by the
quantitative DNA fragmentation assay in HL6O and K562 cells. The cells
were first labeled with ]’H[—tlmuidfne overnight, washed and suspended in
fresh medium and seeded in 96-well Jlat-bottomed microtiter plate ar a
density of 50,000 cellsiml and cultured Jor the indicated time perieds in the
presence of different concentrations of C-Med- 100", The unfragmented
DNA of imact cells was retained on slassfibre filters while the fragmented
ONA was washed awny. The radivacrivity was measured by liquicd
scintillation counting. All samples were measured in quadruplicate and the
results ure expressed as means =SD.

proliferation mainly by the induction of apoptosis instead of
by induction of necrosis as has been observed with the
treatment of radiation or hydrogen peroxide (Figure 3).

Another important characteristic of apoptasis induction by
C-Med-100™ is its delayed onset. Unlike the positive control
agents like radiation (5 Gy) and hydrogen peroxide (50 M)
which induced peak apoptosis within 24 hours, C-Med-100™
induced maximum apoptosis much later (48 or 72 hours,
Figure 3 and 5). The time interval between commitment to
cell death and the appearance of the first cellular
characteristics of apoptosis varies according to cell type and
lethal stimulus. However, once the first structural changes
oceur it only takes a few hours to proceed the last stage of the
programmed cell death and final resorption by phagocytosis
(the execution phase) (32, 33). For most chemotherapeutic
drugs, typical apoptosis usually can be detected within 3-24
hours. There has been at least one report where induction of
apoptosis occurred mainly at a later stage (peaked at 52 -72
hours) and that was induced by betulinic acid, another natural
product from beech bark (9).

DNA single strand breaks and double strand breaks were
both closely related to C-Med-10p™ concentration (Figure 6)
in the present study. Although C-Med-100"™ induced SSB at
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Figure 6. DNA single sirand breaks (SSB) and double strand breaks (DSB)
in HL6G cells treated with C-Med-100™ extracts. SSB and DSB were
estimated by alkaline and neutral filter clution 24 hours dfter the drug
treatment. Results are expressed as means + §D (nz3).

a much higher frequent rate than DSB as shown by the 1Csg
values (SSB = 226 ug/ml; DSB = 377 ug/ml), DSB are the
most common lesions induced by radiation or chemotherapy
that lead to tumor cell death (34). The fact that C-Med-100™
can induce a higher proportion of SSB to DSB seems to favor
an apoptotic cytotoxicity instead of necrotic death, although
the relationship between DNA strand breaks and apoptosis is
complicated. The DNA fragments in the present study were
obscrved to be multimers of approximately 180 base pairs.
These fragments are consistent with  internucleosomal
cleavage of chromatin by an endonuclease, which generates a
ladder of small fragments of double-stranded DNA, one of
the hallmarks of apoptosis in agarose gel electrophoresis.
However, it has also been suggested that DNA fragmentation
induced during apoptosis is not due to a double-strand cutting
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enzyme as previously postulated, but rather is the result of
single-strand breaks (35). Although the formation of DNA
DSB appears to enhance both apoptotic and necrotic cell
death (34), they mainly induced apoptosis in the case of C-
Med-100™ treatment (Figure 3).

The fact that DNA damage could be detected before the
appearance of apoptosis induced by C-Med-100™ treatment
and that the ICsy of strand breaks is much higher than those
obtained from cell proliferation assays suggests that the
growth inhibition cannot be completely explained by the
direct DNA damage on the cells. It is quite possible that the
apoptosis signal pathway was triggered by DNA damage,
including the lethal DSB that was beyond the cell repair
capacity.

Acknowledgements

We would like to thank Ms Kristin Holmgren, Cecilia Ingvarsson and
Ingrid Sandelin for technical assistance. This study wus supported by
grants from the Swedish Cancer Society ( 1728-B9S-07XAA) and
CampaMed [nec.

References

1 Keplinger K: Cytostatic, contraceptive and antiinflammatory agents
from Uncaria tomenwsa. PCT  int Appl., WO 8201, 130, 1982,

2 Wagner H, Kreutzkamp B, Jurcic K: The alkaloids of Uncaria

tomentosa and their phagocytosis-stimulating action. Planta Med.

Oci(5): 419-23, 1985.

Cerri R, Aquino R, De Simone F, Pizzn C: New quinovic acid

glycosides from Uncaria tomensosa. 1 Nat Prod 51: 257-261, 1988.

4 Aquino R. De Simone F, Pizza C. Conti C, Stain ML: Plant

metabolites. Structure and in vitro antiviral activity of quinovic acid

glycosides from Uncaria tomentosa and Guettarda platypoda. J Nat

Prod 52(4): 679-85, 1989.

Aquine R, De Feo V. De Simone F. Pizza C, Cirino G. Plant

metabolites, New compounds and anti-inflammatory activity of

Uncaria tomentosa. ) Nat Prod 54(2): 453-9, 1991.

6 Rizzi R, Re F, Bianchi A, De Feo V. de Simone F, Bianchi L, Stivala
LA: Mutagenic and antimutagenic activities of Uncaria tomentosa and
its extracts. J Ethnophas 38(1): 63-77, 1993,

7 Cragg GM er al: Role of plants in the National Cancer Institute Drug
Discovery and ot Program. fn: Human Medicinal Agents
from Plants, ACS Symposium Serics 534 (eds. Kinghorn AD &

American  Chemical Society Books,
Wabhington. DC, 1993,

8 Wall ME and Wani MC: Camptothecin and analogues: Synthesis,
biological in viro and in vive activities and clinical possibilities. /n:
Human Medicinal Agents from Planis. ACS Symposium Scries 534
(eds. Kinghorn AD and Balandrin MF) 149169, American Chemical
Society Baoks, Wahington, DC, 1993,

9 Pisha E, Chai H, Lec IS, o al: Discovery of betulinic acid as a
selective inhibitor of buman melanoma that functions by induction of
apoptosis. Nature Medicine J(10): 1046-1051, 1995

10 Dark GG. Hill SA, Prise VE, Tozer GM, Pettit GR and Chaplin DJ:
Combredtastatin A4, an agent that displays potent and selective [oxicity
toward umor vasculature. Cancer Research 57- 1829-1834, 1997,

Ll Rodford IR, Murphy TK, Radley JM and Ellis SL: Radiation
response of mouse lymphoid and myeloid cell lines. Part J. Apoplotic
death is shown by all lines examined. [nt J Rudiat Biod 65: 217-227,
1994,

[2 D'Amico AV, McKenna WG: Apoptosis and a re-investigation of the
biolagic basis for cancer ¢ y. Radiother and Oncol J3: 3-10, 1994,

13 Kaufman SH, Desnoyers S, Ottaviano Y. Davidson NE and Poirier
GG. Specific proteilytic cleavage of poly(ADP-ribuse) polymerase:
An early marker of chemotherupy-induced apoptosis. Cancer
Research 53: 3976-3985, 1993,

w

o

3368

14 Shih SC, Stutman O: Cell -dependent tumor necrosis factor
apoplosis. Cancer Research 56: 1591-1598, 1996,

15 Gibb RK, Taylor DD, Wan T, O'Connor DM, Doering DL, Gercel-
Taylor C: Apoptosis ax a measure of chemosensitivity to cisplatin and
taxol therapy in ovarian cancer cell lines, Gynecol Oncal 65(1): 13-22,
1997

16 Pero RW, Olsson A, Simanaitis M, Amiri A and Andersen [:
Pharmacokinetics, toxicity, side effects, receptor affinities and in vitro
radiosensitizing cffects of the novel metochlopramide formulations,
Sensamide™ aod Neu-Sensamide™. Pharm Toxicol 80: 231-239,
1997,

17 Fisher DA: Apoplosis in cancer therapy: Crossing the threshold, Cell
78: 539-647, 1996,

18 Workman P: Cell proliferation, cell cycle and apoptosis targets for
cancer i : strategies, strengths and pitfalls, fn: Apoptosis
and cell cycle control in cancer (N.S.B. Thomas, ed.) BIOS Scientific
Publishers Lid, Oxford, pp. 205-232, 1996,

19 Schweitzer CM, van de Loosdrecht AA, lonkhoff AR, Ossenkoppele
GJ, Huijgens PC, Drdger AM, MG, Langenhuijsen
MMAC: Spectrophotometric determination of clonogenic capacity of
leukemic cells in # semisolid microtiter culture system. Experimental
Hematology 21: 573-578, 1993,

20 inger P: The JAM test: A sim for DNA tion
:::‘:Icnl?cdnth. J Immuno Method lggf mﬂ. 1991 i

21 Rokhlio OW, Bishop GA, Hostager BS, Waldschmidt TJ, Sidorenko
SP.Paﬂoﬂ‘N.ﬂeﬁrMC.UmndySR.Gmemd(bhm MB:
Fas-mediated is in prostatic carcinoma cell lines,
Cancer Research 57: 1758-1768, 1997,

22Gupta N, Lamborn K and Deen DF: A statistical approach for
analyzing clonogenic survival data. Rudiat Res J45: 636-640. 1996

23 Kohn KW, Regina AGE, Leonard CE e/ af- Measurement of strand
breaks and cross-links by alkaline elution, In- Iriedberg EC and
Hanawalt PC (eds), DNA repair, a laboratory manual of research
procedures. Pp379-400, 1981,

24 Cesarone CF, i C, Santi L: Improved microfluorometric
DNA determination in bi material using 33258 Hoechst. Anal
Biochem. Nov 15; 100(1): 1 , 1979,

25 Hall E): Radiobiology for the radiologist, 4th ed. ].B. Lippincott,
Philadelphia, 1994,

26 Stupper H. Sturm S, Geisen G, Zillian U and Konwalinka G: A
differential sensitivity of Oxindole alkaloids 1o normal and leukemic
cell lines. Planta Medica, 59 Supplement Issue, 1993.

27 Féi:lks l:fleK. Rumu![ JIM, Lazo JS, Allan WP, Dive C, Heer S, Yalowich
JC: Ditferential induction of etoposide-med inted apoptosis in human
!cuku;:;: HL60 and K562 cells. Molecular Pharmacology, 46: 605-
611, 1994,

28Chen M. Quintans J, Fuks Z, Thompson C, Kufe DW and
Weichselbaum: Suppression of Bel-2 messenger RNA production
may mediate apoptosis after ionizing radiation, tumos necrosis factor
aand ceramide. Cancer Research 55 991-994, 1995

29Dou QP, An iIi and wm.: Induction of a retinoblastoma

hatase activity by ant drugs accomanies p53-independent
5‘:@ arrest and apup‘{osu. Biochuniuryns;z' 9019-23, 1995

30 McGowan AJ, Ruiz RMC, Gorman AM, Lopez RA and Cotter TG
Reactive oxygen intermediates(s) (ROL): common mediator(s) of
poly(ADP-ribose (PARP) cleavage and apoptosis. FEBS-
Lett. 392(3): 299-303, 1996,

31 MaGahon A. Bissonnette R, Schmitt A, Cotter KM, Green DR and
Cotter TG: BCRABL Maintains resistance of chronic myelogenous
leukemia cells to apoptotic cell death. Blood 83(5): 1179-87, 1994

32 Wyllie AH: Death from inside oul: an overyiew. Phil Trans R Soc
Lond B 345: 237-241, 1994

33 Earnshaw WC: Nuclear changes in apoptosis. Curr Opinion in Celf
Biol 7: 337-343, 1995,

34 Cantoni O, Sestili P, Guidarelli A, Palomba L, Brambilla L and
Cattabeni F: Cytotoxic impact of DNA single vs double strand breaks
n oxidatively injured cells. Arch Toxicol Suppl 18: 223-35, 1996

35 Peitsch MC, Muller C, and Tschopp J: DNA fragmentation during
apoptosis is caused by frequent single-strand cuts. Nucleic Acids Res,
21(18): 4206-9, 1993.

Received April 1, 1998
Accepted May 16, 1998





