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amygdalin induces apoptosis.

ME-180 cervical cancer cells treated with amygdalin.

decrease in Bcl-2 expression.

.

Objectives : Amygdalin is known to be a natural compound which has antitussive and anticancer activities. Amygdalin is
abundant in the seeds of bitter almond and apricots of the Prunus genus, and other rosaceous plants. We investigated whether

Materials and Methods : 3-(4,5-dimethylthiazol-2-yl)-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

Results : Through morphological and biochemical analyses, it was demonstrated that ME-180 cells treated w1th amygdalin
exhibit several apoptotic features. It was shown that amygdalin induces increases in levels of Bax and caspase-3 and a

Conclusions : These results suggest the possibility that amygdalin exerts an anti-tumor effect on human cervical cancer.
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Introduction

Amygdalin is a cynogenic compound which is found in
sweet and bitter almond, Persicae semen, and
Armeniacae semen'?. Armeniacae semen have
traditionally been used for the treatment of asthma,

bronchitis, emphysema, constipation, etc*. Amygdalin,
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also known as vitamin B17, has previously been used
for the treatment of cancers®®. Recently D-amygdalin
has been focused on because of its possibility as an anti-
cancer agent™.

Apoptosis is a programmed cell death mechanism
which serves physiologic and homeostatic functions”.
Apoptosis is also implicated in the pathogenesis and
pathophysiology of several human diseases, such as
cancers, autoimmune dysfunctions, acquired
(AIDS), and

neurodegenerative diseases'®. Apoptosis is known to be

immunodeficiency syndrome
closely involved in the numerous steps of tumor
progression'? and plays a central role in the prevention

of tumor development'?. Abnormal activation or
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inactivation of this apoptotic pathway may lead to
uncontrolled cellular proliferation, which results
ultimately in carcinogenesis. Mutation or abnormal
expression of apoptotic genes is correlated with
development of several human cancers™. Induction of
apoptosis by certain agents in tumor cells can be
considered as a valuable way for the treatment of
cancers'”.

Cells undergoing apoptotic death exhibit several
morphological characteristics such as chromatin
condensation, nuclear fragmentation, and apoptotic cell
body formation '*. It has been well documented that the
process of apoptosis is regulated by the expressions of
several proteins. Two important groups of proteins
involved in apoptotic cell death are members of the Bcl-
2 family and a class of cysteine proteases, known as
caspase.

The Bcl-2 family can be classified into two functionally
distinct groups: anti-apoptotic proteins and pro-
apoptotic proteins. Bcl-2, an anti-apoptotic protein, is
known to regulate the apoptotic pathways and to protect
against cell death, while Bax, a pro-apoptotic protein of
the family, is expressed abundantly and selectively
during apoptosis and promotes cell death16). The
abnormal ratio of Bax to Bcl-2 proteins has foeen
observed in a variety of cancers such as leukemia,
breast cancer, and lung cancer'™'.

The molecular mechanisms of the anti-cancer drugs
inducing apoptosis are related to the release of
cytochrome c, which is an important check point in the
cascade of caspases activation during the process of
apoptosis®™?. The caspases, a class of cysteine
proteases, are considered to play a central role in the
apoptotic process and to trigger a cascade of proteolytic
cleavage events in mammalian cells. Of particular
interest is caspase-3, the most widely studied member
of the caspase family and one of the key executioners of

apoptosis, being responsible either partially or wholly

for the proteolytic cleavage of various proteins™.

Here, we have gotten the aqueous extract of the purified
amygdalin from Armeniacae semen, and we examined
the possibility of the amygdalin as an anti-tumor agent
by verifying its inducibilty of apoptosis in human
cervical cell line ME-180 cells.

Materials and Methods

1. Extraction of amygdalin from Armeniacae
semen

Armeniacae semen used in the experiment was
obtained from Kyungwon University Hospital (Seoul,
Korea). Both 500g of Armeniacae semen hatched from
the shell and 10L of 4% citric acid solution were
refluxed for 2 h. After filtering when it was still hot, the
filtrate was passed through the column packed with HP-
20. The substance absorbed within the column was
concentrated after it has been eluted by enthanol. 4.2g
of amygdalin (with the yield rate of 0.84%) was
obtained from recrystallizing the extract with ethanol.
The amygdalin was used after it has been determined to
be over 99.0% of purity using by high-pressure liquid
chromatography (HPLC; Shiseido, Tokyo, Japan).

2. Reagents

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetr
azolium bromide (MTT) assay kit was purchased from
Boehringer Mannheim (Mannheim, Germany). The
DNA fragmentation assay kit was obtained from
TaKaRa (Shiga, Tokyo, Japan), and the caspase-3 assay
kit from CLNTECH (Palo Alto, CA, USA). 3,3°-
diaminobenzidine (DAB), 4,6-diamidino-2-
phenylindole (DAPI), propidium iodide (PI) and
paraformaldehyde (PFA) and other drugs used in this
study were obtained from Sigma Chemical Co. (St.
Louis, MO, USA).
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3. Cell culture

The human cervical carcinoma cell line ME-180 was
purchased from Korean Cell line Bank (KCLB, Seoul,
Korea). The cells were cultured in RPMI 1640 media
from Gibco BRL (Grand Island, NY, USA)
supplemented with 10% heat-inactivated fetal bovine
serum at 37°C in 5% COz, 95% Oz in a humidified cell
incubator, and the media was changed once every 2

days.

4. MTT cytotoxicity assay

Human ME-180 cervical cancer cells were grown in
a final volume of 1004 culture medium per well in a
96-well plates. In order to determine the cytotoxicity of
amygdalin, the cells were treated with amygdalin
extract at concentrations of 0.1 pg/mL, 1pg/mL, 10u
g/mL, 100pg/mL, 1mg/mL, and 10mg/mL for 24 h.
Cells of the control group were left untreated. After
adding 10mL of the MTT labeling reagent containing
Smg/mL. MTT in phosphate-buffered saline (PBS) to
each well, the plates were incubated for 4 h.
Solubilization solution 1004 containing 10% sodium
dodecyl sulfate (SDS) in 0.01M hydrochloric acid
(HC1) was added to each well, and the cells were
incubated for another 12 h. The absorbance was then
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 (OD) was calculated as the difference between
the absorbance at the reference wavelength and that
observed at the test wavelength. Percent viability was
calculated as (OD of drug-treated sample/control OD)
X 100.

5. TUNEL assay
For in situ detection of apoptotic cells, TUNEL assay
was performed using ApoTag®peroxidase in situ

apoptosis detection kit. ME-180cells were cultured on
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4-chamber slides at a density of 2 X 104cells/chamber.
After a 24 h exposure of amygdalin at concentrations of
Img/mL and 10mg/mL to the human ME-180 cervical
cancer cells, the cells were washed with PBS and fixed
in 4% PFA for 10 min at 4°C. The fixed cells were
incubated with digoxigenin-conjugated dUTP in a
terminal deoxynucleotidyl transferase (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 incubated with
anti-digoxigenin antibody conjugated with peroxidase
for 30 min. The DNA fragments were stained using

DAB as the substrate for the peroxidase.

6. DAPI staining

In order to determine whether apoptosis is induced by
amygdalin in human ME-180 cervical cancer cells,
DAPI staining was performed. In brief, the cells were
cultured on 4-chamber slides. After treatment with
amygdalin at concentrations of 1 mg/mL and 10mg/mL
for 24 h to the ME-180 cells, 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 1xg/mL DAPI solution for 30 min in the
dark. The cell were then observed with a fluorescence

microscope (Zeiss, Oberk“chen, Germany).

7. Flow cytometric analysis

After treated with amygdalin to the human ME-180
cervical cancer cells at concentrations of 1mg/mL and
10mg/mL for 24 h, the cells were collected and fixed
with 75% ethanol in PBS at -20°C for 1 h. Then, the
cells were incubated with 100 zg/mL RNase and
stained with 20pg/mL propidium iodide in PBS. The
stained cells were incubated for 30 min at 37°C and
were analyzed using FACScan (Becton Dickinson, San
Jose, CA, USA).



Amygdalin Extract from Armeniacae Semen Induces Apoptosis through Bax-dependent Caspase-3 Activation in Human Cervical Cancer Cell Line ME-180  (853)

8. DNA fragmentation

For detection of apoptotic DNA cleavage, DNA
fragmentation assay was performed using ApopLadder
EX™ DNA fragmentation assay kit. In brief, human
ME-180 cervical cancer cells were collected after
amygdalin treatment for 24 h at concentrations of
Img/mL and 10mg/mL, and washed in PBS. The cells
were then lysea with 1004L of lysis buffer. The lysate
was incubated with 10xL of 10% SDS solution
containing 104L of Enzyme A at 56°C for 1 h followed
by treatment with 10 gL of Enzyme B at 37C for 1 h.
This mixture was then centrifuged for 15 min after
adding 704l of precipitant and 500uL of ethanol. The
DNA was extracted by washing in the resultant pellet int
ethanol and resuspending it in Tris-EDTA (TE) buffer.
DNA fragmentation was visualized by electrophoresis
in a 2% agarose gel containing ethidium bromide.

9. Westem blot analysis

After treatment of amygdalin at concentrations of
Img/mL and 10mg/mL for 24 h in the human ME-180
cervical cancer cells, the cells were lysed in a ice-cold
whole cell lysate buffer containing 50mM HEPES (pH
7.5), 150mM NaCl, 10% glycerol, 1% Triton X-100,
1.5mM magnesium chloride hexahydrate, 1mM
ethyleneglycol-bis-(f8 -aminoethyl ether)-N,N’-
tetraacetic acid (EGTA), ImM phenylmethylsulfonyl
fluoride (PMSF), 2mg/mL leupeptin, 1mg/mL
pepstatin, 1mM sodium ortho vanadate, and 100mM
sodium floride, and the mixture was incubated 30 min
at 4. Cell debris was removed by microcentr -
ifugation, followed by quick freezing of the supernatant.
The protein concentration was measured using a Bio-
Rad colorimetric protein assay kit (Bio-Rad, Hercules,
CA, USA). Protein of 30mg was separated on SDS-
polyacrylamide gels and transferred onto a
nitrocellulose membrane (Schleicher & Schuell GmbH,

Dassel, Germany).

Mouse Bax antibody (Santa Cruz Biotech, Santa
Cruz, CA, USA) and mouse Bcl-2 antibody (Santa Cruz
Biotech) were used as primary antibodies. Horseradish
peroxidase-conjugated anti-mouse antibody for Bax and
Bcl-2 (Amersham Pharmacia Biothech, Freiburg,
Germany) were used as secondary antibodies. Band
detection was performed using the enhanced
chemiluminescence (ECL) detection system (Santa
Cruz Biotech).

10. Active caspase-3 protein analysis

After treatment of amygdalin at concentrations of
Img/mL and 10mg/mL. for 24 h in the human ME-180
cervical cancer cells, the cells were resuspended in 5004
L cytofix/cytoperm (PharMingen, San Diego, CA,
USA) and incubated on ice for 20 min, were washed
with 5004L perm/wash buffer (Pharmingen) and were
resuspended in 1004l perm/wash buffer for staining.
Normal rabbit IgG (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was added for 20 min on ice.
Phycoerythrin (PE)-conjugated polyclonal rabbit anti-
active caspase-3 (Phar Min gen) 204l was then added,
and the cells were incubated 30 min on ice in the dark.
Cells were then washed twice with 5004l perm/wash
buffer and resuspended in 5004L staining buffer for
analysis. The cells were analyzed using a FACScan

(Becton Dickinson).

11. Caspase enzyme activity

Caspase activity was measured using an ApoAlert®
caspase-3 assay kit according to the manufacturer’s
protocol. In brief, after treatment with amygdalin at
concentrations of Img/mL and 10mg/mL. for 24 h in the
human ME-180 cervical cancer cells, the cells were
lysed with 504L of chilled cell lysis Buffer. To each
lysate was added 50 gL of 2 X reaction buffer
(containing dithioreitol) and 5¢L of the appropriate

conjugated substrate at a concentration of ImM was
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added. The mixture was incubated in a water bath at 37
¢ for 1 h, and the absorbance was measured with a

microtiter plate reader at a test wavelength of 405nm.

12. Statistical analysis

Statistical differences were determined by one-way
analysis of variance (ANOVA) followed by the
Duncan’s post-hoc test, and the results were expressed
as the mean + standard error mean (SEM). Differences

were considered significant at p < 0.05.

Results

1. MTT assay for cell viability

As shown in Fig. 1, the viability of cells incubated
with amygdalin at concentrations of 1xg/mL, 10ug/mL,
100p#g/mL, Img/mL, and 10mg/mL for 24 h was
100.00+1.19%, 81.33+0.70%, 76.61 +=1.78%, 74.79

+1.62%, 65.22+0.71%, and 36.37+£0.49% of the
control value, respectively. A trend of increasing
cytotoxicity with increasing concentration of amygdalin
was observed (Fig. 1). Based on these results, the
concentrations of amygdalin to elucidate the properties
of amygdalin -induced cytotoxicity for the subsequent
experiments were set at Img/mL and 10mg/mL.

2. Morphological changes

To observe the effect of amygdalin on cell
morphology, the cells were examined by phase-contrast
microscopy. As shown in Fig. 2, the cells treated with
amygdalin at concentrations of 1mg/mL and 10mg/mL
for 24 h showed cell shrinkage, cytoplasmic
condensation, and irregularity in shape. These
morphological characteristics suggest that amygdalin
induces apoptotic cell death in the ME-180 cells.

To further confirm the induction of apoptosis in the
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Fig. 1. Relative viability of the human ME- 180 cervical cancer cells treated with amygdalin.

The viability was determined via MTT assay.
(A) Control group

(B} 1¢9/mL amygdalin-treated cells

(C) 101g/mL amygdalin-treated cells

(D) 100xg/mL amygdalin-treated cells

(E) 1mg/mL amygdalin-treated cells

(F) 10mg/mL amygdalin-treated cells

The results are presented as the mean + standard error mean.

*represents p < 0.05 compared to the control group.
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Morphology

DAPI

Fig. 2. Characterization of amygdalin-induced cell death in human ME-180 cervical cancer cells.

Above: Phase-contrast photomicrographs.

Middle: ME-180 cells stained by TUNEL assay. The black arrows show labeling of condensed and marginated chroma

tin.

Below: ME-180 cells stained with DAPI. White arrows indicate condensed nuclei.

(A) Control .

(B) 1mg/mL amygdalin-treated cells
(C) 10mg/mL amygdalin-treated cells.
The scale bar represent 100em.

ME-180 cells by amygdalin, the cells treated with
amygdalin were biochemically analyzed using TUNEL
assay and DAPI staining assay.

DNA strand breaks occur during apoptosis, and it is
known that nicks in the DNA molecules can be detected
via TUNEL assay. As shown in Fig. 2, TUNEL-
positive cells were stained dark brown under the light
microscope, and TUNEL-positive cells showing nuclei
condensation were observed in the cells treated with
amygdalin at concentrations of 1lmg/mL and 10mg/mL
for 24 h.

In DAPI staining, the cells were observed via
fluorescence microscopy following treatment with

DAPI, which specifically stains the nuclei. The assay

has revealed the presence of nuclear condensation,
DNA fragmentation, and perinuclear apoptotic bodies
upon amygdalin -treated cells.

In the present results, amygdalin was shown to induce
several apoptotic morphological changes in the human

ME-180 cervical cancer cells.

3. Cell cycle distribution changes

Flow cytometric analysis revealed that the fraction of
cells in the sub-G1 phase was increased from 2.14%
(the control group) to 18.69% and 49.88% following
treatment with 1mg/mL and 10mg/mL of amygdalin for
24 h, respectively (Fig. 3).

The present results show that amygdalin induces
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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/mL amygdalin-treated cells
(C) 10mg/mL amygdalin-treated cells.

apoptotic cell death in the human ME-180 cervical

cancer cells.

4. DNA fragmentation characterization of
apoptosis

In order to ascertain the induction of apoptosis by
amygdalin, DNA fragmentation, which reflects the
endonuclease activity, was assessed. The cells were
incubated for 24 h without amygdalin (control) or with
Img/mL and 10mg/mL amygdalin. The genomic DNA
was extacted and analyzed by electrophoresis on a 2%

agarose gel containing ethidium bromide. The ME-180
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cells treated with amygdalin revealed the characteristic
ladder pattern (Fig. 4).

5. Western blot anaysis of Bax and Bcl-2

The effect of amygdalin on the expression of Bax and
Bcl-2 proteins was investigated. After exposure to
amygdalin at concentrations of 1mg/mL and 10mg/mL
for 24 h, Bax protein (26 kDa) expression was
increased, in contrast, Bcl-2 protein (25 kDa)
expression was decreased (Fig. 5).The present results
show that amygdalin enhances Bax protein expression

and suppresses Bcl-2 protein expression.
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Fig. 4. Electrophoretic analysis of genomic DNA of ME-180 cells treated with amygdalin.

(A) Control
(B) 1mg/mL amygdalin-treated cells
(C) 10mg/mL amygdalin-treated cells.

A B C

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/mL amygdalin-treated cells.
Actin was used as the internal control.

6. Active caspase-3 expression analysis

After exposure to amygdalin at concentrations of
Img/mL and 10mg/mL for 24 h, active caspase-3
expression was increased from 5.27% (control group) to
34.5% and to 48.5%, respectively (Fig. 6). The active
caspase-3 expression was increased in the amygdalin-

treated cells.

7. Caspase-3 enzyme activity analysis
Caspase-3 enzyme activity was measured using
DEVD peptide-nitroanilide (pNA). From the enzyme

activity assay, after exposure to amygdalin at

concentrations of Img/mL and 10mg/mL for 24 h, the
rate of DEVD-pNA cleavage was increased from 5.53
=+ 0.46pmol (control group) to0 9.50 + 1.48pmol and to
11.91 & 1.02pmol, respectively (Fig. 7).

Discussion

Amygdalin, a major ingredient of Armeniacae
Semen, has been studied for many years for its anti-
cancer activity*?®. Recently D-amygdalin has been
focused on for its possibility as an anti-cancer agent™.
In aqueous solution, D-amygalin is racemized to

neoamygdalin (L-mandelonitrile- b-D-gentiobioside),
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Fig. 6. Results of flow cytometry analysis of active caspase 3-specific staining.
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Fig. 7. Results of caspase-3 enzyme activity assay.
(A) Control
(B) 1mg/mL amygdalin-treated cells
(C) 10mg/mL amygdalin-treated cells
(D) 10mg/mL amygdalin with DEVD-fmk.
DEVD-fmk is a caspase inhibitor.
The optical density was measured at 405nm.
*represents p < 0.05 compared to the control group.
represents p < 0.05 compared to the 10mg/mL amygdalin-treated group.

which is ineffective against cancers®. Syrigos et al.®® nitrile therapy (AGENT). However, until now,
reported that amygdalin can be used for the tumor amygdalin has been subjected to considerable
therapy throughout the way of antibody-guided enzyme controversy in the treatment of cancers*229,
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Apoptosis offers a protective mechanism against
cancer cells®. Induction of apoptosis, thus, is a highly
desirable mode as a therapeutic strategy for cancer
control **V. The purpose of this study is to find out
whether amygdalin induces apoptosis in human cervical
cancer ME-180 cells, and then to suggest the possibility
that amygdalin can be used as a anti-cancer drug for the
cervical cancers.

Analysis of cytotoxicity by MTT assay confirmed
that amygdalin is dose-dependent in its cytotoxic effect
and that this cytotoxicity is apparent at a concentration
of 1mg/mL and 10mg/mL. From the flow cytometric
analysis of DNA content using the PI, an increase in the
fraction of cells in the early sub-G1 phase was
observed. The distribution of DNA content among the
various fraction of the cell cycle in the ME-180 cervical
cancer cells following treatment with amygdalin seems
to be indicative of the presence of apoptosis.

As further evidence for the presence of apoptosis,
DNA fragmentation was clearly detected via agarose
gel electrophoresis. It is well known that apoptosis is
linked with the activation of endonucleases and that it
results in the fragmentation of DNA into well defined
fragments which is seen by electrophoretic examinatton
as a characteristic ladder pattern®,

Furthermore, DNA strand breaks occur during the
process of apoptosts, and it is known that nicks in the
DNA molecules can be detected via TUNEL assay34).
In addition to the effects mentioned above, amygdalin
was also seen to produce notable changes in the
morphology of the cells. These changes which are the
stringent morphological criteria for apoptosis were
confirmed by DAPI staining. Apoptotic bodies were
characteristically presented in amygdalin -treated cells
stained with DAPI. It was also reported that cells
undergoing apoptosis exhibit cytoplasmic blebbing,
nuclear shrinkage, chromatin condensation, irregularity

in shape, and retraction of processes?.

Members of the Bcl-2 family of proteins are
characterized by their ability to form a complex
combination of heterodimers with Bax and homodimers
with itself*. When Bax is overexpressed in cells,
apoptotic death in response to a death signal is
accelerated: this founding has resulted in its designation
as a death agonist. When Bcl-2 is overexpressed, it
heterodimerizes with Bax, and cell death is suppressed.
Presumably, the ratio of Bax to Bcl-2 serves as a
determinant of the susceptibility of cells to apoptosis™.
Overexpression of Bax has been shown to induce
apoptosis in a wide variety of cells including prostate,
colon, cervical, and ovarian cancers”®. Several studies
have demonstrated the high levels of Bcl-2 expression
in the colon, breast, and ovary cancers™. In the present
results, amygdalin treatment resulted in an increase in
Bax expression and a decrease in Bcl-2 expression.

Caspases, a family of cysteine proteases, are integral
parts of the apoptotic pathway. Caspases have been
identified as effectors of the apoptotic process, and
DNA fragmentation as well as nuclear morphological
changes has been placed downstream of caspase
activity*”. Caspase-3, in particular, has many cellular
targets and produces typical morphologic features of
apoptosis. The present results have also revealed
increasing of active caspase-3 expression and up-
regulation of caspase-3 activity in the cells exposed to
amygdalin.

Here in this study, we have demonstrated that
amygdalin induces apoptosis in ME-180 human
cervical carcinoma cells, showing the possibility that
amygdalin may exert anti-tumor effect in the human

cervical cancers.
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