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Abstract

Objectives: Amygdalin is abundant in the seeds of bitter almond and apricots of the Prunus genus and other
rosaceous plants. Amygdalin is known to have antitussive and anticancer activities. Apoptosis, also known as
programmed cell death, is an important mechanism in cancer treatment.

Methods: In the present study, we investigated whether the aqueous extract of Amygdalin induces apoptotic
cell death in ME-180 cervical cancer cells. For this study, 3-(4,5-dimethylthiazol-2-y])-2, 5-diphenyltetrazolium
bromide (MTT) assay, terminal deoxynuclotidyl transferase (TdT)-mediated dUTP nick end-labeling (TUNEL) assay,
4,6-diamidino-2-phenylindole (DAPI) staining, flow cytometric analysis, DNA fragmentation assay, Western blot,
and caspase-3 enzyme assay were performed on ME-180 cervical cancer cells.

Results: Through morphological and biochemical analyses, it was demonstrated that ME-180 cells treated with
Amygdalin exhibit several apoptotic features. The treatment of Amygdalin increased the Bax expression and
caspase-3 enzyme activity and decreased Bcl-2 expression. Here, we have shown that Amygdalin induces
apoptotic cell death in ME-180 cervical cancer cells through Bax-dependent caspase-3 activation. These results
suggest the possibility that Amygdalin exerts anti-tumor effect on human cervical cancer.
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column WRolA &5 242 oeEE IJ4ARI
Bo] s=A1A 4.2g9 Amygdalin(0.84%2] Bk)2
ofgtZE A ASH A ogA AtEIL Amygdalin
<  high-pressure  liquid
(HPLC;shiseido, Tokyo, Japan)Z <% 99.0%<1 A
= ARESISith
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2. A9

3-(4,5-dimenthylthiazol-2-y1)-2,
terazolium bromideMTT)&4 kit
Mannheim Germany)Al, DNA
fragmentation Z7% kit= TaKaRa (Shiga, Tokyo,
Japan)Al, Caspase-3 &4 kite CLNTECH (Palo
Alto CA, USAALRIA 4513t} 3,3-diaminoben-
zidine(DAB), 4,6-diamidino-2-phenylindole (DAPI),
Propidium iodide(P)?} paraformaldehyde(PFA)
I3 B2 REE-2 Sigma Chemical (St.Luis, Mo,

USAREE sl

5-diphenyl-
Boehringer

(Mannheim

3. MZEHY

ME-180 AR MAEE= A28 (KCLB,
Seoul, Korea)22HE A3tk 10%2] heat-
inactivated fetal bovine serum& ZE3SH RPMI
1640 media (Gibco BRL, Grand Island, NY, USA)
2 Hi7I37C, 5% COz 95% OolAl BliFet o
mediaE 2%0] A wesioiTh

4. HE YZ2E =3

O1A|9] ME-180 AFaUA|EZE2 96-well plateof|4]
well & 100u0°1A BiSSIAT. Amygdalin®] MZE &
A4S doli7] Qs AEES 1ug/nl, 10ug/ml, 100ug/
nd, 1mg/m{ @ 10mg/mf B=ONA Amyedaling 24A17F
B APelglon tixte] AEES AZelA] ok
A =3Ik, Phosphate -buffered saline(PBS) W 5
ng/ne] MTTS $H95} 9k 10n02] MTT label A

oke Z1719] welloll 47} sto] 4AIZE B2t HisHSIth
0.01M hydrochloric acidHCDOIA 10%2] sodium
dodecyl sulfate® okl Qe 1009 7184 &
HZ 77} wellofl @7}"} AIZSS A 12ARF
B9t wieldTt. ©] ¥ microtiter plate reader
(Bio-Tek, Winooski, VT, USA)E 690nm 7|ZuF}
of|A 595m AldujAo g TS ax%o].o:h:} By goizel]
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AEQ.D / YZ2F0.D)x 10022 Akt

5. TUNEL &3
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9} B3l anti-dioxygenin antibodyollA] 3087t Bf
¥ o DNATHHES DABE peroxidase©l| Ak&-
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YAZ AASIITE 47119 HH Selolsoli A2E
BiF5to]  1mg/mi@t 10mg/md Amygdalin &<Hof|A]
ME-180 Azl 24413t &<t A2i¢t o+ PBSZ
W ARk, 4% PFACIA 3087t viekste] 143k o

< PBSE F ¥l AlHsISit). ol £ollA] 30=7t 1ug/
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Fig. 191A] Hol= A3t o] 1yg/ml, 10ug/ml, 100
ug/ml, Img/m{ 12)3 10mg/m{ Amygdaling 24A17F
B S o AlZ PSS tiRt 100.00 £ 1.19%
of vlaf vlw3t g 27 81.33 + 0.70%, 76.61 +
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Fig. 1. Effect of Amygdalin on the Viability of
Human ME-180 Cervical Cancer Cells.
The viability was determined via MTT
assay. The results are presented as the
mean * standard error mean.

represents p<0.05 compared to the control group. (A)
Control, (B) 1ug/ml, (C) 10ug/ml, (D) 100ug/ml, (E) 1mg/md,
(F) 10mg/m{ amygdalin-treated cells.
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Fig. 2. Characterization of Amygdalin—induced
Cell Death in Human ME-180 Cervical
Cancer Cells. The scales bars represent
100 m. (A) Control, (B) 1mg/md amygdalin-
treated cells, (C) 10mg/md amygdalin—
treated cells. Above: Phase-contrast
photomicrographs. Middle: ME-180 cells
stained with DAPI. White arrows indicate
condensed nuclei. Below: ME-180 cells
stained by TUNEL assay. The black
arrows show labeling of condensed and
marginated chromatin.

A

Fig. 3. Results of Flow Cytometric Analysis.

Above: ME-180 cells stained with
propidium iodide. Below: Results of flow
cytometric analysis. (A) Control, (B) 1mg/
md amygdalin-treated cells, (C) 10mg/ml
amygdalin-treated cells.

3. Amygdalin0f| 2Jgt MZEF7|2X

Flow cytometric analysiss A|ZES
ng/m{ Amygdalin®& 24A7t
sub-G1 §F710A] |22 shEEo] Tzt 2.14% Hrt
18.69% 121l 49.88%= 2V T7I== A Hoje
CHFig. 3). ol2fet A¥E2 A A3 UAE ME-180
oA Amygdalin®] AZEAPES FEShe Ze Hof
=t

4. DNA fragmentation0i| CH&t Hsk

Amygdalin°] °J3t AlZAPE F=5 SRIs] fisto]
Hhd5k= DNA fragmentation

S5t ME-180 UAIEE 244Xt E7F 1mg/md
Q’ IOmg/ n{ Amygdalin 2|5t E44 Ade] FY
9] wWE3t fragmentation®] UYEFEE electro-

phoresisE B3 & 4 SIthFig. 4).

endonuclease &4

A B C

Fig. 4. Electrophoretic analysis of genomic DNA
of ME-180 cells treated with amygdalin.
(A) Control, (B) 1mg/md amygdalin-treated
cells, (C) 10mg/md amygdalin-treated cells.

5. Bax@t Bcl-2 HHEiEI0| CHSH St

2
Amygdalin®] Bax @23} Bel-2 THEE 9] Mo
TA= FFe AT ME-180 AT 1mg/md
9} 10mg/md 24A17F Amygdalin 23t &, Bax T
Z(24kDa)?] 2 57t EL o]eh= B Bel-2
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Fig. 5. Results of Western Blot Analysis of the
Protein Levels of Bax and Bcl-2. (A)
Control, (B) 1mg/ml amygdalin-treated
cells, (C) 10mg/md amygdalin—treated cells.
Actin was used as the internal control.

6. Active Caspase-3 &4 24

1mg/mf9} 10mg/ml Amygdalin A2}E 24417t gt &
Active Caspase-3 @4Jo] IR 5.27% Rt 34.5%
J9)0 48.5%= 27 57t otirkFig. 6).
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- T 1
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FL2-H

Fig. 6. Results of Flow Cytometry Analysis of
Active Caspase 3-Specific Staining. The
active  caspase-3  expression  was
increased in the amygdalin-treated cells.

7. Caspase-3 @4 40| st It

Caspase-3 84 @42 DEVD peptide-
nitroannilide(pNA)S ARg3}od =459t
Amygdaling 1mg/m2} 10mg/mfoll 24417t &<t =&
AR F, 54 84S s 2 23 DEVD-pNA &3]
£90] Y&+ 5.53+0.46pmoD)°IA 9.50+1.48pmol
7} 9.50+1.48pmol® 7217t F7KRkE & 4= ATt
(Fig. 7).

pmol pNA/min/ug of protein

7
A B Cc D

Fig. 7. Results of Caspase-3 Enzyme Activity
Assay. The optical density was
measured at 405m.

represents p<0.05 compared to the control group. #

represents p{0.05 compared to the 10ug/m

amygdalin-treated group. (A) Control, (B) 1mg/mf
amygdalin-treated cells, (C) 10mg/m{ amygdalin-treated
cells, (D) 10mg/m{ amygdalin with DEVD-fmk.

DEVD-fmk is a caspase inhibitor.
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o Syrigos 522 Amygdaline] FARE A
nitrile 39S & T A= 290 A&E 5 i
I B3 590tk Amygdalin @F A= 8HolA At
=] FAZA ThRolA Y,

AIZAPEL A0 sk Horlss Alstict
7 AEAEY] Gl QAL 95t XE A o
AFEQ] Mol B gifto] BAL Amygdaline]
QA AZUAE ME-1809] AFES FEol=HE H5
Y& Aol FAlo] Amygdalino] A2 A&@Fo R
AH&E F UeAE Heldle Aol

Al ABEE S0 ot Ax =4 24
Amygdalino] A9 A2 =/ BIA F= &
oj2k= Zlo] 2Rl HUAL o]t AlE=/d 1mg/ml 2
10mg/ml SO BEsHA UeEth PIE o83t
DNA £5F9] flow cytometric E4OZHE %7]
sub-G1 ©AIA Al THE0] S7IRith= Zlo] ¥zt

At ME-180A120] Amygdalin *]2] o]%of Ajx
<20] teRRE IHRE AtolojlA] DNASR] 27t Al
ZAPEO] EAE Ak A 23hTh

AIZAFES] ERE B F9Hole Z2& DNA
fragmentation©| agarose gel electrophoresiss %
3 BoA AE © AL & & AUtk AEAPE
endonuclease®] 243t AA=0] glom EZF
electrophoresis Agol|A Altte] Fef B HSl &
To| T35t oA DNA fragmentation 25}
£ AE geA e,

DNA strand”} A|ZAPEIFGoA TAYSIIL DNAR
A9] nicke] TUNEL 4= &3l A% € & Stk
Az FHA AP A g Az R4
Amygdalin A3E9] FefglollA Frzzl HalEs &
N7 AR dEA ok AlZAFES] AST FH
o4 7]1EER1 o)t HglE2 DAPI GMoA] gl

et

AIZATEA = DAPIZ  guiH
Amygdalin AZHZAA YERgth AZAFES 72
AZE2 Ad 2, S5, 9N 55, FH9 &

Mo

=xz08

T4, AP % 58 Vehitk HuEQih .

THiZol  Bl-2A &2 Bax®  AAY
homodimers& heterodimers®] Z53t 23he 14
& 5 9= E4o] AP, Baxyt Aol kA
P == o, AE S50l ek ¥kEo = A|xAPE
o] 7}&3lE. Bel-27F TosiA EUE dole
Bax 2} Zo] heterodimerizes=1l A|ZAPES AH
ot F5oiEH Bel-200 thgt Bax®] W2 AlEZAME
of tigt Mzo] 758 Aol gk P,

Bax9] It} o2 AHAY, 24, A8 181
HAQE AR 2o dAEOIM AZAMES R
Sl Aoz deA Yo, Ad Aol AR,
e 183 dAoAE= Bal-2 430 =2 RIS
HojZ1 9leg Awsty Qe B A% AzjofA
Amygdalin #2J7} Bax e S7HI71AL Bel-29]
W AAE 2Rt 2E ¢ & Utk

Cysteine protease #|%! Caspases= apoptotic 7
29] Z5lHofolt}. Caspases= apoptotic X142 &
71719} DNA fragmentationo] & sk WP}
Caspase &49] ZAE A=ujzdet e 7E0] A
T QB

53] Caspase-3< B AlZE H24Z 7HAAL Q1o
o A|ZAFES] Eoldt FEjd] E4e ALkt 2 4
sl A= Active Caspase-3 9 719t
Amygdalino] =&% AEZE Uox9] Caspase-32]
24 37t Yotk

Aol ZA:}E  Hol Amygdalin®] AFFYAIE
ME-1809] AlZAPEE FEdhs 2 HoFly,
A Aol o EE LT ke Qitk= 7154

2 AssIs
V.2 B

Amygdalin®] AR NE ME-1800] tist 3t

s AsP| ffsl Al AEE 374, TUNEL 5%,

DAPI M, flow cytometric analysis, DNA



2184 91 29 : {014 F23F Amygdalin®] AHFFRUAE ME-180 thet FoF ot

fragmentation =%, western blot 123l
Caspase-3 84 &/ £4& Foto] th3a 22 23

< 4

1. A BZE& 2404 Amygdalin FojZoA= of
Zo]| tfsf] 5= QJEHoE FOR HAE YE
ok

2. TUNEL 3742 &% AR EX4oA
Amygdalin O & 24A17F &% vt AlZE2 Al
5, AlZd 34, 1P B veilth

3. DAPI @4g B3 Aldrdols 334 &4, DNA
framentation 18|11 Amygdalin *2] AJ3EolA]
H909] AEZAFES LB

4. Flow cytometric analysisS €3] sub-G1 ¥F37]
oAl Amygdalin 1mg/m(} 10mg/ml= T3t o]
thzto] Hlsf AlE shEEo] SRS & o AU
ok

5. DNA fragmentationS &3 4% Alcte] FH 9

b
phoresisg &3l & 4= A3k

6. Western blotollA] Amygdalin®] Bax THiZe]
AL 0|11 Bel-2 THAQ] S AAAIske o
AT

7. Active Caspase-3 T/d] thell Amygdalin 1mg/
m{®t 10mg/ml-= FoIgt o] thRtol Hls) f-ofet
71 UERth

8. Caspase-3 &4 %‘é =295t vt Amygdalin 1mg/

Hast  fragmentation©] electro-

g

o} 10mg/mle Fofet o] tiztel HIs] ot
e L}E}M“%

9] Axtz Hot #{-olA F&7 Amygdalin®] A+

SUNE ME-1802] AZANES Rtk Ae &

% slgloml, QA AR et Y

ok A7

At} 9}

ORCID

Yong-Seok Choi
(https://orcid.org/0000-0003-1170-0195)

Youn-Sub Kim
(https://orcid.org/0000-0003-1379-9811)

Gyung-Jun Kim
(https://orcid.org/0000-0002-0284-6427)

References

1. Monsonego J, Bosch FX, Coursaget P, Cos

JT, Franco E, Frazer I, et al. Cervical cancer
priorities and new directions.
International Journal of Cancer. 2004:108
(6):329-33.

2. Munoz N. Human papillomavirus and

control,

cancer:the epidemiological evidence. Journal
of Clinical Virology. 2000;19(1-2):1-5.

3. Schiffman MH, Castle P. Epidemiologic
studies of a necessary causal risk  factor:
human papillomavirus infection and cervical
neoplasia. Journal of the National Cancer
Institute. 2003;95(6):2-2.

4. Culliton BJ. Sloan-Kettering: The trials of an
apricot pit. Science. 1973;182(4116):1000-3.

5. Woodle ES, Kulkarni S. Programmed cell
death. Transplantation. 1998;66(6): 681-91.

6. Thompson  CB.
pathogenesis and treatment of disease.
Science. 1995;267(5203):1456-62.

7. Hanahan D, Weinberg RA. The hallmarks of
cancer. Cell. 2000;100(1):57-70.

8. Kerr JF, Winterford CM, Harmon BV.
Apoptosis. Its significance in cancer and
cancer therapy. Cancer. 1994;73(8):2013-26.

Apoptosis  in  the



FYtomIs T R ta]A] A32d A32(20199 8Y)

9.

10.

11.

12.

13.

14.

15.

16.

10

Lowe SW, Ruley HE, Jacks T, Housman DE.
p53 dependent apoptosis modulates the
cytotoxicity of anticancer Cell.
1993;74(6):957-67.

Dixon SC, Soriano BJ, Lush RM, Borner MM,
the

and its

agents.

Fige WD. Apoptosis: its role in

development of malignancies
potential as a novel therapeutic target.
Annals 1997;31(1):
76-82.

Wyllie AH, Kerr JF, Currie AR. Cell
death:the
International Review of Cytology. 1980;68:
251-306.

Oltvai ZN, Milliman CL, Korsmeyer §J. Bcl-2

heterodimerizes in vivo with a conserved

of Pharmacotherapy.

significance  of  apoptosis.

homolog, Bax, that accelerated programmed
cell death. Cell. 1993;74(4):609-11.

Clarke AR, Purdie CA, Harrison DJ, Morris
RG, Bird CC, Hooper ML, et al. Thymocyte
apoptosis induced by p53 dependent and
independent pathway. Nature. 1993;362
(6423):849-52.

Miyashita T, Harigai M, Hanada M, Reed JC.
Identification of a p53-dependent negative
response element in the bcl-2 gene. Cancer
Research. 1994:54(12):3131-5.

Ryan JJ, Danish R, Gottlieb CA, Clarke MF.
Cell cycle analysis of p53-induced cell death
in murine etythroleukemia cells. Molecular
and Cellular Biology. 1993;13(1):711-9.
Budihardjo I, Oliver H, Lutter M, Luo X,
Wang X. Biochemical pathways of caspase
activation during apoptosis. Annual Review
of Cell and Developmental Biology. 1999;

15(1):269-90.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Desagher S, Martinou JC. Mitochondria as
the central control point of apoptosis.
Trends in Cell Biology. 2000;10(9):369-77.
Gross A, McDonnell JM, Stanley J. Bcl-2
family members and the mitochondria in
apoptosis. Genes & Development. 1999;13
(15):1899-911.

Cohen GM. Caspases. the executioners of
apoptosis. Biochemical Journal. 1997:326
(1):1-16.

Koeffler HP, Lowe L, Golde DW. Amygdalin
(Laetrile). effect on clonogenic cells from
human myeloid leukemia cell lines and
normalhuman marrow. Cancer Treatment
Reviews. 1980;64(1):105-9.

Moertel CG, Fleming TR, Rubin J, Kvols LK,
Sarna G, Koch R A

amygdalin (Laetrile) in the treatment of

clinical trial of
human cancer. The New England Journal of
Medicine. 1982;306(4):201-6.

Syrigos KN, Rowlinson-Busza G, Epenetos
AA. In vitro cytotoxicity following specific
activation of amygdalin by beta-glucosidase
conjugated to a bladder cancer-associated
monoclonal antibody. International Journal
of Cancer. 1998;78(6):712-9.

Fenselau C, Pallante S, Batzinge RP, Benson
WR, Barron RP, Sheinin EB, et al
Mandelonitrile beta-glucuronide: synthesis

and characterization. Science. 1977;198
(4317):625-7.

Balkon J. Methodology for the detection and
measurement of amygdalin in tissues and
fluids. Journal of Analytical Toxicology.
1982:6(5):244-6.

Takayama Y, Kawai S. Study on the



26.

27.

28.

29.

30.

3L

24 9] 291 1 #H{olA &3 Amygdalin®] AFZ7HRMAE ME-1800] Tt gt &t

prevention of racemization of amygdalin.
Chemical
1984:32(2):778-81.

Newmark J, Brady RO, Grimley PM, Gal AE,
Waller SG, Thistlethwaite JR. Amygdalin

(Laetrile) and prunasin beta-glucosidases:

and Pharmaceutical Bulletin.

distribution in germ-free rat and in human
tumor tissue. Proceedings of the National
Academy of Sciences of the United States of
America. 1981;78(10):6513-6.
Hong MY, Chapkin RS, Davidson LA, Turner
ND, Morris JS, Carroll R], et al. Fish oil
enhances targeted apoptosis during colon
tumor initiation in part by downregulating
Bcl-2. Nutrition and Cancer. 2003;46(1):
44-51.
Kelloff GJ, Boone CW, Steele VE, Crowell JA,
Lubet RA, Greenwald P, et al. Mechanistic
the Evaluation of
Data. TARC
publications. 1996;139:203-19.
Taraphdar AK, Roy M, Bhattacharya RK.

Natural products as inducers of apoptosis:

Considerations  in

Chemopreventive scientific

therapy and

2001;80(11):

implication for  cancer

prevention. Current Science.
1387-96.

Hanif R, Pittas A, Feng Y, Koutsos MI, Qiao
al. Effects of

anti-inflammatory drugs on

L, Staiano-Coico L, et
nonsteroidal
proliferation and on induction of apoptosis
in colon cancer cells by a prostaglandin-
independent pathway. Biochemical
Pharmacology. 1996:52(2):237-45.

Zhang GS, Tu CQ, Zhang GY, Zhou GB,
Zheng WL. Indomethacin induces apoptosis

and inhibits proliferation in chronic myeloid

32.

33.

34.

35.

36.

37.

38.

leukemia cells. Leukemia Research. 2000;
24(5):385-92.

Qiao L, Hanif R, Sphicas E, Shiff SJ, Rigas B.
Effect of aspirin on induction of apoptosis
on HT-29 human colon adenocarcinoma
cells. Biochemical Pharmacology. 199855
(1):53-64.

Reed JC, Double identity for proteins of the
bcl-2 family. Nature. 1997:387(6635):773-6.
Korsmeyer §J. Bcl-2 gene family and the
regulation of programmed death.
Cancer Research. 1999;59(7 Suppl):1693s-
700s.

Huh WK, Gomez-Navarro ], Arafat WO,
Xiang ], Mahasreshti PJ, Alvarez RD, et al

Bax-induced apoptosis as a novel gene

cell

therapy approach for carcinoma of the
cervix. Gynecologic Oncology. 2001;83(2):
370-7.

Kobayashi T, Sawa H, Morikawa ], Zhang

W, Shiku H. Bax induction activates
apoptotic  cascade via  mitochondrial
cytochrome ¢ release and  Bax

overexpression enhances apoptosis induced
by chemotherapeutic agents in DLD-1 colon
cancer cells. Japanese Journal of Cancer
Research. 2000;91(12):1264-8.

Lowe SL, Rubinchik S, Honda T, McDonnell
TJ, Dong JY, Norris ]S.

Bax

Prostate-specific
expression  of delivered by an

adenoviral vector induces apoptosis in
LNCaP prostate cancer cells. Gene Therapy.
2001;8(18):1363-7.

Li X, Marani M, Yu J, Nan B, Roth JA
Kagawa S, et al. Adenovirus-mediated Bax
the

overexpression  for induction  of

11



FYtomIs T R ta]A] A32d A32(20199 8Y)

39.

40.

41.

42.

43

44.

12

therapeutic apoptosis in prostate cancer.
Cancer Research. 2001;61(1):186-91.
Skirnisdottir I, Sorbe B, Seidal T. P53, bcl-2,
and Bax: Their relationship and effect on
prognosis in early stage epithelial ovarian
carcinoma.  International  Journal  of
Gynecological Cancer. 2001;11(2):147-58.
Lipponen P, Pietilainen T, Kosma VM,
Aaltomaa S, Eskelinen M, Syrjanen K
Apoptosis suppressing protein Bcl-2 is
expressed in well differentiated breast
carcinoma with favorable prognosis. The
Journal of Pathology. 1995;177(1):49-55.
Henrisksen R, Wilander E, Oberg K
Expression and prognostic significance of
Bcl-2 in ovarian tumors. British Journal of
Cancer. 1995;72(5):1432-7.

Watson AJ, Merritt AJ, Jones LS, Askew JN,
Anderson E, Becciolini A, et al. Evidence of
reciprocity of bcl-2 and p53 expression in
human colorectal adenomas and
carcinomas. British Journal of Cancer.
1996;73(8):889-95.

Fisher U, Janicke RU, Schulz-Osthof XK.
Many cuts to ruin: a comprehensive update
of caspase substrates. Cell Death &
Differentiation. 2003;10(1):76-100.

Janicke RU, Sprengart ML, Wati MR, Porter
AG. Caspase-3 is required for DNA
fragmentation and morphological changes
associated with apoptosis. The Journal of
Biological Chemistry. 1998:273(16):935-60.





