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I. Introduction

In a traditional Oriental medicine, bee venom
(BV) has been widely used for the treatment
of inflammatory diseases such as rheumatoid
arthritis” and relief of pain?. BV possesses
anti—inflammatory effect’, a general charac-
teristic of non—steroidal anti—inflammatory dr-
ugs(NSAIDs). Two main components of BV are
melittin and phospholipase A2(PLA2)* *of the-
se, melittin, the major active ingredient of BV®,

has been reported to induce apoptosis® and '

possess anti—tumor effect”. In addition, Shin et
al.¥ have shown that hybrid peptides derived
from melittin exerts anti—tumor effect on small
cell lung cancer cell lines.

Apoptosis plays crucial role in tumorigenesis
and anti—tumor therapyg). A lot of drugs have
been studied and put into practice for the
191D Various po-
including NSAIDs
which show inhibitory effect on tumorigenesis

in the colonm, 19

treatment of human tumors
tential therapeutic agents

breasts ™, and lungs“) have

a8 Of particular interest

been investigate
i1s lung cancer, which is of great noxiousness

and high mortality due to an ever—increasing
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population of smokers worldwide. Several stu-
dies have established that the agents inducing
apoptosis in target organs suppress tumorige-
nesis”)'m. '

Apoptosis, a process of central importance in

18)’ is a

the prevention of tumor development
genetically programmed cell death mechanism
serving physiologic and homeostatic func-

9 It has been implicated in the patho-

tions
genesis and pathophysiology of several human
diseases such as cancer, autoimmune dysfunc-
tion, aquired immune deficiency syndrome
(AIDS), and several neurodegenerative disea-
SeSZO)‘ZI). )
Wardlaw et al.?? reported that cyclooxyge-
nase(COX)~2 was overexpressed in lung can-
cer cells and it was shown that COX inhibitors
retard the growth of human cancer cells in

vitro™

. COX, an enzyme of the prostaglandins
(PGs) synthesis pathway®”, has two isoforms :
COX-1 and COX-2. COX-1 is constitutively
expressed in normal physiologic functions.
Inhibition of COX-1 is known to have serious
adverse effects such as peptic ulcer formation
and renal dysfunction. COX-2 is induced during
inflammatory process®. Selective COX~2 in-
hibition has benn proposed as a way to avoid

these toxic effects®®?” during the maintaining
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of the chemotherapeutic effect.

In the present study, the possibility of BV's
application as an anti—tumor therapeutic agent
in human osteocarcinoma cancer cells was in-

vestigated.

[I. Materials & Methods

2.1. Reagents

BV was purchased from You—Miel Bee Ve-
nom Ltd.(Kwangju, Korea). 3,3'—diamino—ben-
zidine (DAB),
(DAPD, propidium iodide(Pl) and paraformal-
dehyde(PFA) were obtained from Sigma Che-
mical Co.(St. Louis, MO, USA). The 3—(4,5-
dimethylthiazol—2—vyl) —2,5—diphenyltetrazolium

4,6—diamidino—2—phenylin—dole

bromide MTT) assay kit was purchased from
Boehringer Mannheim(Mannheim, Germany),
and the terminal deoxynuclotidy! transferase
(TdT)—mediated dUTP nick end-labeling(TU
NEL) assay kit was purchased from Intergen
{(Purchase, NY, USA). The DNA fragmentation
assay kit was obtained from TaKaRa(Shiga,

Japan).

2.2. Cell culture

The human osteocarcinoma cell line MG-63
was purchased from Korean Cell Line Bank
(KCLB ; Seoul, Korea), and cultured by previ-
ous reported method'”. Cells were cultured in
RPMI 1640 media(Gibco BRL, Grand Island, NY,
USA) supplemented with 10% heat—inactivated
fetal bovine serum(Gibco BRL, Grand Island,

NY, USA) at 37C in 5% COz, 95% O in a
humidified cell incubator. Cells were plated in
culture dish(Corning Incorporated, Corning, NY,
USA) at a density of 1x10° cells per dish, and
the media was changed once every 2 days.

2.3. MTT cytotoxicity assay

Cell viability was determined by the MTT
assay kit using as per the manufactures pro-
tocol. MG—63 cells were cultured in 96 well
plates. Experimental groups are exposed to BV
at final concentrations of 1gg/ml and 10gg/ml
(diluted with saline) for 24 hrs, and saline of
an equal volume was added to control group.
Ten ml of the MTT labeling reagent was then
added to each well, and the plates were in-
cubated for 4 hrs. After the cells were incuba-
ted in 100 ml of the solubilization solution for
12 hrs, the absorbance was measured with a
microtiter plate reader(Bio—Tek, Winooski, VT,
USA) at a test wavelength of 595nm with a
reference wavelength of 690nm. The optical
density(0.D.) was calculated as the result of
the subtraction of the absorbance at the refe-
rence wavelength from that of the test wave-
length. Percent viability was calculated as(O.D.
of drug~treated sample/control 0.D.) X100.

2.4. TUNEL assay

For in situ detection of apoptotic cells, TU
NEL assay was performed using ApoTag pe-
roxidase inn situ apoptosis detection kit. MG—63
cells were cultured on 4—chamber slides(Nalge
Nunc International, Naperville, IL, USA) at a
density of 2x10* cells/chamber. After 24 hrs
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exposure to BV(10pg/ml), cells were washed
with phosphate—buffered saline (PBS) and fixed
in 4% PFA for 10 min at 4°C. The fixed cells
were incubated with digoxigenin—conjugated
dUTP in a terminal deoxynucleotidy! transfe-
rase (TdT) —catalyzed reaction for 60 min at 37
C in a humidified atmosphere and were then
immersed in stop/wash buffer for 10 min at
room temperature. The cells were then incu-
bated with anti—digoxigenin antibody conjugated
with peroxidase for 30 min. The DNA frag-
ments were stained using DAB as the substrate
for the peroxidase.

2.5. DAPI staining

In order to determine using morphologic
markers whether apoptosis is induced by BV,
DAPI staining was performed according to pre-
viously described protocol®® . In short, cells
were cultured on 4—chamber slides. After tre-
atment with BV(10gg/ml) for 24 hrs, the cells
were washed twice with PBS and fixed by
incubation in 4% PFA for 30 min. Following a
second washing in PBS, cells were incubated in
1gg/ml DAPI solution for 30 min in the dark.
The cells were then observed with a fluoresc-
ence microscope (Zeiss, Oberkéchen, Germany).

2.6. Flow cytometric analysis

Flow cytometric analysis was performed as
previously described®. In brief, MG-63 cells
were harvested after BV treatment for 24 hrs
at a final concentration 10pg/ml. Cells were
then washed twice with PBS and fixed with
70% ethanol in PBS at —207TC. After washing
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twice with PBS, the cells were incubated with
100g/ml RNase(Sigma) and stained with 20ug
/ml PI. The stained cells were incubated for 30
min at 37°C and were analyzed using FACScan
(Becton Dickinson, San Jose, CA, USA).

2.7. DNA fragmentation

For detection of apoptotic DNA cleavage,
DNA fragmentation assay was performed using
ApopLadder EX™ DNA fragmentation assay kit.
In brief, cells were collected after BV treat-
ment for 24 hrs at a final concentration of 10ug
/ml and washed in PBS. The cells were then
lysed with 1004 of lysis buffer. The lysate
was incubated with 10 ml of 10 % SDS solution
containing 10¢f of Enzyme A at 56°C for 1 hr
followed by treatment with 10xt of Enzyme B
at 37C for 1 hr. This mixture was then cen-
trifuged for 15 min after adding 7044 of preci-
pitant and 5004 of ethanol. The DNA was
extracted by washing in the resultant pellet in
ethanol and resuspending it in TE(Tris—EDTA)
buffer. DNA fragmentation was visualized by
electrophoresis in a 2% agarose gel containing
ethidium bromide.

2.8. RNA isolation and reverse trans-
cription—polymerase chain reaction(RT
—PCR)

Total RNA was extracted using RNAzol™B
(TEL-TEST, Friendswood, TX, USA). Two pg
of RNA and 1 of random hexamers (Promega,
Madison, WI, USA) were mixed and heated at
65C for 5 min. One pf of AMV reverse tran-
scriptase (Promega, Madison, W1, USA), 5u¢ of
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10 mM dNTP(Promega, Madison, Wi, USA), 1
¢4 of RNasin(Promega, Madison, W1, USA), and
Sut of 10XAMV RT buffer (Promega, Madison,
WI, USA) were then added and the final volume
was brought up to 50 with dimethyl pyrocar-
bonate (DEPC) —treated water, and the reaction
mixture was then incubated at 42°C for 1 hr.

COX~-2 primer sequences as reported by Hla
et al* and Funk et al.®” were used. For hu-
man COX-2, the primer sequences were 5-TT
CAAATGAGATTGTGGGAAAATTGCT-3(a
27—mer sense oligonucleotide starting at po-
sition 573) and 5-AGATCATCTCTGCCTGAG
TATCTT-3(a 24-mer antisense oligonucleo-
tide starting at position 878). For cyclophilin,
the internal control used in the study, the
primer sequences were 5'—ACCCCACCGTGTT
CTTCGAC-3'(a 20—mer sense oligonucleotide
starting at position 52) and 5'-CATTTGCCAT
GGACAAGATG-3'(a 20—-mer sense oligonucl-
eotide starting at position 332). The expected
sizes of the PCR products are 305 bp(for
COX-2) and 299 bp(for cyciophilin).

PCR amplification was performed in a re-
action volume of 40pf containing 1gl of each
cDNA and 1¢f of 10 oM of each set of pri-
mers, 148 of 10Xbuffer, 1uf of 2.5 mM MgCls,
148 of 2.5 mM dNTP and 2 units Taq DNA
polymerase (TaKaRa, Shiga, Japan). For COX-
2, the PCR procedure was carried out under
the following conditions : initial denaturation at
95T for 5 min, followed by 40 amplication cy-
cles of denaturation at 95C for 30 sec, annea-
ling at 58C for 30 sec, extension at 72 C for
30 sec, and with an additional extension step at

72°C for 5 min using a GeneAmp 9600 PCR sy-
stem(Perkin Elmer, Norwalk, CT, USA). For
cyclophilin, the conditions were similar, except
that 25 amplification cycles were executed.
The final amount of RT-PCR products for each
of the mRNA were compared densitometrically
using Molecular Analyst™ software version
1.4.1(Bio—Rad, Hercules, CA, USA).

2.9. Statistical analysis

Statistical analysis was performed using Stu-
dent's £—test and the results were expressed
as meanTSEM. Differences were considered
significant for p<0.05.

II. Results

3.1. MTT assay for cell viability

In order to find out the concentration at
which the cytotoxic effect of BV on the MG—63
cell line become evident, cells were cultured
with BV at final concentrations of 10pg/ml, 1ug
/ml and 0.1gg/ml for 24 hrs, and MTT assays
were carried out, with cells cultured in BV—-
free media as the control. The viabilities of
cells incubated with BV at concentrations of 10
ug/mi, 1pg/ml and 0.1pg/ml were 73.8914.41%,
97.56%3.93 % and 97.4114.54% of the control
value respectively. A trend of increasing cyto-
toxicity with increasing concentration was ob-
served. Based on these results, the concen-
tration of BV to be in subsequent experiments
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Fig.1. Cytotoxic effects of bee venom(BV).

Human osteosarcoma cell line MG63 cells were in-
cubated with BV at various concentrations prior to the
determination of cellular viability through MTT assay.
Results are represented as meanzZstandard error. 'r
presents p<0.05 compared to the control.

o

devised to elucidate the properties of BV—
induced cytotoxicity as set at around 10gg/ml.

3.2. Morphological changes induced
by BV

To observe the effect of BV on cell morpho-
logy, cells were examined by phase—contrast
microscopy. As shown in Figure 2, cells treated
with 10gg/ml BV for 24 hrs showed cell shrin-
kage, cytoplasmic condensation, and irregularity
in shape. These morphological characteristics
suggest that BV induces apoptotic cell death in
MG-63 cells.

To further confirm the induction of apoptosis
in MG—63 cells by BV, BV—treated cells were
biochemically analyzed via TUNEL assay and
DAPI staining. As shown in Figure 2, TUNEL~-
positive cells were stained dark brown under
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the light microscope, and TUNEL—positive cells
in which the nuclei were condensed in cul-
turesof MG—63 cells treated with BV at a
concentration of 10pg/ml for 24 hrs. In DAPI
staining, cells were observed via fluorescence
microscopy following treatment with DAPI,
which specifically stains the nuclei. These re-
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Fig. 2. Characterization of bee venom(BV)-
induced cell death in MG63 cells.

Top ; Phase—contrast microscopy showed cell shrin~
kage, irregularity in shape, and cellular detachment in
the BV —treated cultures; these morphological charac~
teristics were not observed in the control(untreated)
group. Middle : MG63 cells stained with DAPI. Bottom:
TUNEL stain. The white and black arrows indicate
condensed nuclei. Scale bar represents 100;m.
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sults have shown that the presence of nuclear
condensation, DNA fragmentation, and perinu-
clear apoptotic bodies upon BV treatment.

3.3. Cell cycle distribution changes
induced by BV

Through flow cytometric analysis, an incre-
ased number of cells in the sub—G1 phase{(from
2.77% to 31.79% of total cells) and a decrea-
sed number of cells in the Gl phase(from
25.68% to 16.68% of total cells) were obser-
ved in the 10ug/ml BV—treated celis<Figure 3>.

3.4. DNA fragmentation characteriza-
tion of apoptosis

In order to ascertain BV—induces cell death,
DNA fragmentation, reflecting the endonu—
clease activity characteristic of apoptosis, was
analyzed. As seen in Figure 4, treatment with
BV at a concentration of 10pg/ml for 24 hrs
resulted in the formation of definite fragments
which could be seen by electro—phoretic exa-

mination as a characteristic ladder pattern.

Marker Control

Bee venom

Fig. 4. Electrophoretic examination of geno-
mic DNA of MG63 cells.

Genomic DNA was extracted and analyzed via el-
ectrophoresis on a 2% agarose gel containing ethidium
bromide. Cells of 10ug/ml of bee venom(BV)—treated
group exhibited the ladder pattern characteristic of
apoptosis.

3.5. Effect of BV on the expression of
COX—2 mRNA

RT-PCR analysis of the mRNA level of COX
~2 was performed in order to provide an es-
timation of the relative level of expression of
the COX-2 gene. Figure 5 shows the levels of

LR §1 8-
£ £ £
L2 28] e L2
] ] s
S & 3] S &
8] 8 2
° ' 200 400 00 800 1000 ° 0 200 400 600 800 1000 ° o 1000
DNA contents DNA contents DNA contents
Control 1zg/ml Bee venom 101g/ml Bee venom

Fig. 3. Flow cytometric analysis of the effect of bee venom on cell cycle. Bee venpm{(BY) treatment
has shown to increase sub—G1 phase and decrease G1 phase of cell cycle.
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Fig. 5. Results of RT—-PCR analysis of the m
RNA levels of COX-2.

The level of expression of COX-2 in cells treated
with bee venom(BV) was significantly lower than con-
trol group. As the internal control, cyc/ophilin mRNA
was also reverse transcriptized and amplified.

mRNA expression of cyclophilin and COX—-2 in
the MG—63 cells. Following treatment with BV
at a concentration of lug/ml for 24 hrs, the le-
vel of expression of COX—-2 was decreased to
60.93£3.42%, while at a BV concentration of
10ug/ml, the respective figure was decreased to
18.121£4.53% of the control level. These re-
sults showed that BV selectively inhibits COX—
2mRNA expression in a dose—dependent man—
ner.
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IV. Discussion

The purpose of the present study is to find
out the possibility whether BV, through induc-
tion of apoptosis and inhibition of COX~-2 gene
expression, exerts a therapeutic action on hu-
man osteosarcoma. From the results, it was
demonstrated that BV exerts two profound ef-
fects on the cells of the human lung carcinoma
cell line MG—63. One is that BV induces apo-
ptotic cell death ; the other is its selective inhi-
bition on the COX—2 mRNA expression.

Analysis onalysis of DNA content using the
Pl, an increase in the fraction of cells in the
early sub—G1 phase, which can be seen as a
peak positioned close to the sub—Gl phase,
was observed. The distribution of DNA content
among the various fraction of the cell cycle ob-
served in the lung carcinoma cells treated with
BV seems to be indicative of the presence of
apoptosis, and this result is similar to that re-

16 . . .
in a study involving

ported by Hanif et al.
colon cancer cells.

As further evidence for the presence of apo-
ptosis, DNA fragmentation was clearly detected
via agarose gel electrophoresis. It is well kno-
wn that apoptosis is linked with the activation
of endonucleases and that it results in the
fragmentation of DNA into well defined frag-
ments which can be seen by electrophoretic
examination as a characteristic ladder pat-
16).32) DNA strand breaks

occur during the process of apoptosis, and it is

tern Furthermore,
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known that the nicks in the DNA molecules can
be detected via TUNEL assay®”. In addition to
the effects mentioned above, BV was also seen
to produce notable changes in the morphology
of the cells; that these changes meet the st-
ringent morphological criteria for apoptosis was
confirmed by DAPI staining. Apoptotic bodies
were characteristically presented in BV—trea-
ted cells stained with DAPI. It was also re-
ported that cells undergoing apoptosis exhibit
cytoplasmic blebbing, nuclear shrinkage, chro-
matin condensation, irregularity in shape and
retraction of processes”.

The definitive molecular mechanisms of the
anti—tumor action of certain drugs are still un-
known. However, it is well known that certain
drugs, most notably NSAIDs, are potent inhi-
bitors of the enzymatic activity of COX*®. COX
is a key enzyme in the PGs synthesis pathway
; COX-1 is a constitutive enzyme present in
most cells, whereas COX—2 is inducible and is
often up—regulated in several types of tu-
mors®®. Selective down— regulation of COX~2
is an important strategy for the development of
anti—tumor agents®”. In addition, Hanif et al.'®
reported that drugs with chemotherapeutic
effect induce a shift in the distribution of cell
population among the different phases of the
cell cycle in colon cancer cells, and that it is
mediated by the inhibition of PGs synthesis.

RT-PCR analysis of COX genes was per-
formed in this study and the expression of COX
~2 in MG—-63 cells treated with BV(10ug/ml)
was decreased compared to that of the control
<Figure 6>. It is possible that it will not incur

the serious adverse effects, such as peptic
ulcer formation and renal dysfunction, associa-
ted with COX—1 inhibition.

In the present study, it was shown that BV
induces apoptosis and selectively inhibits on the
COX-2 expression in MG—63 human lung car-
cinoma cells. Based on the results, it is possi-
ble that BV may exert anti—tumor effect on

human osteosarcoma.

V. References

1. Somerfield SD, Stach JL, Mraz C, Gervais
F, Skamene E. Bee venom melittin blocks
neutrophil 02— production. Inflammation.
1986 ;10 :175-182.

2. Koburova KL, Michailova SG, Shkenderov
SV. Further investigation on the antiinfl-
ammatory properties of adolapin—bee ve-
nom polypeptide. Acta Physiologica et Ph-
armacologica Bulgarica. 1985 ; 11 : 50-55.

3. Somerfield SD, Stach JL, Mraz C, Gervais
F, Skamene E. Bee venom inhibits su-
peroxide production by human neutrophils.
Inflammation. 1984 ; 8 : 385~-391.

4. Ownby CL, Powell JR, Jiang MS, Fletcher
JE. Melittin and phospholipase A2 from
bee (apis mellifera) venom cause necrosis
of murine skeletal muscle in vivo. Toxi-
con. 1997 ; 35 : 67-80.

5. Liu P, Davis P, Liu H, Krishnan TR.
Evaluation of cytotoxicity and absorption
enhancing effects of melittin—a novel ab-

71



Bee Venom induces apoptosis and inhibits COX-2 in human osteosarcoma cell line MG-63

10.

11.

72

sorption enhancer. European Journal of
Pharmaceutics and Biopharmaceutics. 1999
; 48 1 85—-87.

. Vento R, Dalessandro N, Guliano M, Lau-

ricella M, Carabillo, M, Tesoriere G. In-
duction of apoptosis by arachidonic acid in
human retinoblastoma Y79 cells : Invol-
vement of oxidative stress. Experimental
Eye Research. 2000 ; 70 : 503-517.

. Winder D, Gunzburg WH, Erfle V, Salmons

B. Expression of antimicrobial peptides
has an antitumour effect in human cells.
Biochemical and Biophysical Research
Communications. 1998 ; 242 : 608-612.

. Shin SY, Lee MK, Kim KL, Hahm KS.

Structure—antitumor and hemolytic acti—
vity relationships of synthetic peptides
derived from cecropin A—magainin 2 and
cecropin A—melittin hybrid peptides. Jour-
nal of Peptide Research. 1997 ;50 : 279
—285.

Kagawa S, Gu J, Swisher SG, Ji L, Roth
JA, Lai D, Stephens LC, Fang B. Anti-
tumor effect of adenovirus—mediated bax
gene transfer on p53—sensitive and p53-
resistant cancer lines. Cancer Research.
2000 ;60 :1157-1161.

Rao CV, Rivenson A, Simi B, Zang E,
Kelloff G, Steele V, Reddy BS. Chemo-
prevention of colon carcinogenesis by
sulindac, a nonsteroidal anti—inflammatory
agent. Cancer Research. 1995 ;55 : 1464
—1472.

Chan TA, Morin PJ, Vogelstein B, Kinzler
KW. Mechanisms underlying nonsteroidal

12.

13.

14.

15.

16.

17.

antiinflammatory drug—mediated apoptosis.
Proceedings of the National Academy of
Science of the United States of America.
1998 ; 95 : 681-686.

Thun MJ, Namboodiri MM, Heath Jr CW.
Aspirin use and reduce risk of fatal colon
cancer. New England Journal of Medicine.
1991 ; 325 : 1593~1596.

Harris RE, Namboodiri KK, Farrar WB.
Nonsteroidal antiiflammatory drugs and
breast cancer. Epidemiology. 1996 ; 7 : 203
-205.

Schreinemachers DM, Everson RB. Aspirin
use and lung, colon, and breast cancer in-
cidence in a prospective study. Epidemio-
logy. 1994 ; 5:138—146.

Shiff SJ, Qiao L, Tasi LL, Rigas B. Su-
lindac sulfide, an aspirin—like compound,
inhibits proliferation, causes cell cycle qu-
iescence, and induces apoptosis in HT—-29
colon adenocarcinoma cells. Jounal of Cli-
nical Investigation. 1995 ; 96 : 491503,
Hanif R, Pittas A, Feng Y, Koutsos M],
Qiao L, Staiano—Coico L, Shiff SI, Rigas
B. Effects of nonsteroidal anti—inflamma-
tory drugs on proliferation and on induc-
tion of apoptosis in colon cancer cells by
a prostaglandin—independent pathway. Bio-
chemical Pharmacology. 1996 ; 52 : 237
245,

Kawasaki M, Kuwano K, Nakanishi Y, Ha-
gimoto N, Takayama K, Pei XH, Maeyama
T, Yoshimi M, Hara N. Analysis of Fas
and Fas ligand expression and function in
lung cancer cell lines. European Journal of



The Journal of Korean Acupuncture & Moxibustion Society Vol. 20. No. 3. June. 2003

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cancer. 2000 ; 36 : 656—663.

Kerr JF, Winterford CM, Harmon BV. Apo-
ptosis. Its significance in cancer and can-
cer therapy. Cancer. 1994 ; 2013-2026.
Woodle ES, Kulkarni S. Programmed cell
death. Transplantation. 1998 ; 66 : 681—
691,

Thompson CB. Apoptosis in the patho-
genesis and treatment of disease. Science.
1995 ; 267 : 1456—-1462.

Gorman AM, Orrenius S, Ceccatelli S.
Apoptosis in neuronal cells : role of cas-
pases. Neuroreport. 1998 ; 9 : 49-55,
Wardlaw S, March TH, Belinsky SA. Cy-
clooxygenase—2 expression is abundant in
alveolar type cells in lung cancer—sensi-
tive mouse strains and in premalignant
lesions. Carcinogenesis. 2000 ; 21 : 1371~
1377.

Soriano AF, Helfrich B, Chan DC, Heasley
LE, Bunn Jr PA, Chou TC. Synergistic
effects of new chemo— preventive agents
and conventional cytotoxic agents against
human lung cancer cell lines. Cancer Re-
search. 1999 ;59 : 6178-6184.
Subbaramaiah K, Zakim D, Weksler BB,
Dannenberg AJ. Inhibition of cyclooxy-
genase : a novel approach to cancer pre-
vention. Proceedings of the Society for
Experimental Biology and Medicine. 1997
; 216 1 201-210.

Herschman HR. Prostaglandin synthase 2.
Biochimica et Biophysica Acta. 1996 ;
1299 : 125-140.

Piazza GA, Alberts DS, Hixson LJ, Paranka

217.

28.

29.

30.

3L

32.

NS, Li H, Finn T, Bogert C, Guillen M,
Brendel K, Gross PH, Sperl G, Ritchie J,
Burt RW, Ellsworth L, Ahnen DJ, Pamukcu
R. Sulindac sulfone inhibits azoxymethane
—induced colon carcinogenesis in rats wi-
thout reducing prostaglandin levels. Cancer
Research. 1997 ; 57 : 2909—-2915.
Thompson HJ, Jiang C, Lu J, Mehta RG,
Piazza GA, Paranka NS, Pamukcu R, Ah-
nene DJ. Sulfone metabolite of sulindac
inhibits mammary carcinogenesis. Cancer
Research. 1997 ; 57 : 267-271.

Luo Y, Umegaki H, Wang X, Abe R, Roth
GS. Dopamine induces apoptosis through
an oxidation—involved SAPK/JNK acti—
vation pathway. The Journal of Biological
Chemistry. 1998 ; 273 : 3756—-3764.

Yim SV, Kim KH, Kim CJ, Chung JH. Se-
in PGT-§8
pineal gland tumor cells. Japanese Journal
of Pharmacology. 2000 ; 84 : 71-74.

Hla T, Neilson K. Human cyclooxygenase
—2 cDNA. Proceedings of the National
Academy of Science of the United States
of America. 1992 ; 89 : 7384—-7388.

Funk CD, Funk LB, Kennedy ME, Pong
AS, Fitzgerald GA. Human platelet/ ery-
throleukemia cell prostaglandin G/H syn-

rotonin induces apoptosis

thase : cDNA cloning, expression, and gene
chrosomal assignment. Faseb Journal. 1991
7 5:2304-2312.

Zhang GS, Tu CQ, Zhang GY, Zhou GB,
Zheng WL. Indomethacin induces apopto-
sis and inhibits proliferation in chronic
myeloid leukemia cells. Leukemia Resear-

73



Bee Venom induces apoptosis and inhibits COX~2 in human osteosarcoma cell line MG-63

—u

ch. 2000 ; 24 : 385-392.

33. Qiao L, Hanif R, Sphicas E, Shiff SJ, Rigas

34.

35.

74

B. Effect of aspirin on induction of apop-
tosis on HT-29 human colon adenocar-
cinoma cells. Biochemical Pharmacology.
1998 ; 55 : 53-64.

Cohen JJ. Apoptosis. Immunology Today.
1993 ;14 : 126-130.

Katzung ‘BG, Furst DE. Nonsteroidal an-
ti~inflammatory drugs. Disease modifying

antirheumatic drugs ; Nonopioid analgesics
; Drugs used in gout. In:B.G. Katzung
(Ed.), Basic & Clinical Pharmacology, 7th
ed. Appleton & Lange, Stamford, CT, 1998
; 578—-602.

36. Wolff H, Saukkonen K, Anttila S, Karjal-

ainen A, Vainio H, Ristimaki A. Expression
of cyclooxygenase—2 in human lung car-
cinoma. Cancer Research, 1998 ; 58 : 4997
—5001.



