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Introduction
Cancer, known as a malignant tumor, is characterized by
uncontrolled cell growth with the potential to invade into
other tissues of the body. Along with chemotherapy, radiotherapy and surgery, immunotherapy also holds a promising approach for cancer therapy; however, development
of an effective and efficient method is one of the most interesting subject in the modern research area (Nazarkina &
Laktionov 2015). Amygdalin, sometimes known as laetrile
or vitamin B17, is one of the natural cyanogenic diglucoside existing in the fruits and nuts, such as cherries, apricots
kernels, apples and almonds (Holzbecher et al. 1984;
Santos Pimenta et al. 2014). It has been previously reported
that amygdalin treatment in human cancer cells exerts a
potential cytotoxic and anti-cancer effects by inducing
apoptotic cell death (Syrigos et al. 1998; Chang et al.
2006; Chen et al. 2013), arrest cell cycle through downregulation of cell cycle-related genes (Park et al. 2005;
Makarević et al. 2014a) and blocking metastasis that can
lead to the spread of cancer to other tissues (Makarević
et al. 2014b). Primarily, cancer has been treated by using
conventional therapies; however, amygdalin is also used
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as an alternative medicine and was found one of the most
useful and effective alternative in cancer therapy
(Milazzo et al. 2007; Sauer et al. 2015).
The cytotoxic effects of amygdalin against cancer cells
are related with the release of hydrogen cyanide (HCN),
which is an antitumor compound, decomposing carcinogenic substances in the body, inhibiting cancer growth
and blocking nutrient source of tumor cells (Syrigos et al.
1998; Chang et al. 2006). The release of HCN from amygdalin glycoside is also related with activity of β-glucosidase
enzyme that catalyzes the hydrolysis of covalent bonds
linking two glucose or glucose-substituted molecules
(Syrigos et al. 1998). Therefore, level of β-glucosidase
expressed in cancer cells against amygdalin should be considered as a very important factor that has an influence on
cell viability or cytotoxicity. However, the β-glucosidase
activity in cancer and normal somatic cells has not been
fully investigated.
The end of each eukaryotic chromosome, known as telomere, consists of repetitive DNA sequences, GGTTAGn.
The telomeric repeats in normal cells are gradually shortened by the incomplete replication problem that occurs
at the end of each chromosome along with each cell
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The purpose of this study was to examine the effect of amygdalin on cell growth and telomerase activity in human cancer and
MRC-5 fibroblast cell lines. The level of β-glucosidase activity for releasing cyanide was significantly (P < .05) higher in
cancer cell lines (A-549, MDA-MB-231, MCF-7 and U87-MG) than in MRC-5 fibroblasts. Growth rate of cancer cells
was apparently inhibited in concentrations above 10 mg/ml amygdalin with senescent-like abnormal morphology.
Whereas the effects were absent or marginally detected in MRC-5 fibroblasts. High incidence of β-galactosidase activity
was observed in amygdalin-treated cancer cells, compared with that of untreated control while no difference was
observed between the control and amygdalin-treated MRC-5 fibroblasts. Furthermore, level of telomerase activity was
significantly (P < .05) higher (∼8–13 fold) in cancer cell lines along with high expression of telomerase reverse
transcriptase (TERT) and telomerase RNA component (TERC) than in MRC-5 fibroblasts which did not expressed TERT
and TERC. However, telomerase activity was significantly (P < .05) down-regulated in amygdalin-treated cancer cells
with the decreased expression of TERT and TERC compared with control cancer cells. There were no difference in the
telomerase activity between control and amygdalin-treated MRC-5 fibroblasts. Based on these observations, we
concluded that amygdalin treatment offers a valuable option for the cancer treatment, causing inhibition of cell growth
and down-regulation of telomerase activity in human cancer cell lines by increasing β-glucosidase activity.
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division. Meanwhile, the length of telomeric repeats in the
embryonic stem cells and cancer cells (∼90%) was continuously maintained or extended by up-regulated telomerase activity, which adds up repetitive DNA sequences at the
end of each eukaryotic chromosome as compared with
normal somatic cells (Campisi & Yaswen 2009; Artandi
& DePinho 2010). The cells with fully shorted telomere
subsequently lead to DNA damage and enter into the senescent status with irreversible cell arrest at the G1 phase of
the cell cycle and apoptotic cell death (Hwang et al.
2009; Rudolph et al. 2009; Jeon et al. 2011a). It is
well known that the telomerase activity is composed of telomerase reverse transcriptase (TERT) catalytic subunit,
RNA-dependent polymerases and telomerase RNA component (TERC), and is mainly regulated by expression of
TERT and TERC transcripts (Toouli et al. 2002; Cao
et al. 2008). The important feature that distinguishes a
cancer cell from a normal cell is its ability to grow indefinitely by high level of telomerase activity, so by reducing
telomerase activity and shortening telomeric repeats
should be one of the important factors in cancer treatment.
Moreover, telomere-targeting medicines have been successfully applied for cancer chemotherapy (Phatak et al.
2008; Jeon et al. 2011b).
In normal somatic and many cancer cell lines, the cytotoxic effect of amygdalin on cell growth and telomerase
activity which is linked with β-glucosidase activity is not
yet fully investigated. The fundamental molecular mechanisms which underlie the interaction of amygdalin with the
cancer and somatic cells are not fully understood, although
the growth pattern with senescence-associated-β-galactosidase activity and level of telomerase activity along with
TERT and TERC expression have been considered as
general markers for cellular aging or senescence in
cancer cells. Therefore, in the present study, we evaluated
the β-glucosidase activity in human cancer and normal cell
lines, and then the pattern of cell growth with senescenceassociated-β-galactosidase activity was subsequently analyzed in the human cancer and normal cell lines treated
with amygdalin. Furthermore, we examined the level of
telomerase activity along with expression of TERT and
TERC genes.

MRC-5 normal fetal lung fibroblasts were purchased
from the American Type Culture Collection (USA). The
cells were maintained in advanced Dulbecco’s modified
Eagle’s medium (A-DMEM) supplemented with 3% fetal
bovine serum (FBS) and 1.0% penicillin–streptomycin
(10,000 IU and 10,000 μg/ml, respectively) at 37.5°C in
a humidified atmosphere of 5% CO2 in air and sub-cultured
upon confluence (70–80%), while culture media were
changed twice a week. For the analysis of growth curve,
cancer and normal cells (1 × 103/per well) were seeded in
A-DMEM containing 0 (control), 2.5, 5.0, 10, 20 and 30
mg/ml amygdalin (D -mandelonitrile-β-gentiobioside) into
a 6-well plate for 7 days with change of media every 3
days after treatment. The cells were counted with a hemocytometer at 3 and 7 days interval after treatment. Furthermore, cancer and normal cells were treated in A-DMEM
containing 10 mg/ml amygdalin for 7 days. On confluent,
cells were dissociated using 0.25% trypsin–EDTA solution
and pelleted at 500×g for 5 min. Cells were cryopreserved
or re-propagated for further analysis.

Analysis of β-glucosidase activity
The β-glucosidase activity was analyzed in cancer and
normal cells using QuantiChrom™. β-Glucosidase Assay
Kit (BioAssay Systems, USA) was according to the manufacturer’s protocols with minor modifications. Briefly, the
cells were lysed by repeated cycles of freezing and
thawing in PBS and then centrifuged at 12,000×g for 20
min at 4°C. The protein concentration was determined
using a spectrophotometer (Mecasys, Korea) and 10 µg
of total protein was analyzed for β-glucosidase activity
using a 96 well plate. The working solution was freshly
prepared by mixing 200 μl assay buffer and 8 μl p-NPG
substrate. Furthermore, 200 μl of working solution and
20 μl of sample (10 µg proteins) was added to each well,
and the plate was slightly tapped to mix the samples
briefly. The optical density was measured using an
ELISA reader (Bio-Tek, USA) with a wavelength of 405
nm immediately and 12 h later, respectively. The activity
of β-glucosidase was assessed as unit per 10 μg of
protein in three replicates.

Materials and methods
Chemicals and media
All chemicals were purchased from Sigma (Sigma, USA)
and media from Gibco (Invitrogen), unless otherwise
specified. For all the media, the pH was adjusted to 7.4
and the osmolality to 280 mOsm/kg.
Culture and treatment of cells
A-549 lung adenocarcinoma, MDA-MB-231, MCF-7
breast adenocarcinoma, U87-MG brain glioblastoma and

Analysis of senescence-associated β-galactosidase
The senescence-associated β-galactosidase assay was performed in cancer and normal cells treated with 0
(control) and 10 mg/ml amygdalin using the cell senescence assay kit (Cell Signaling Technology, USA) according to the manufacturer’s protocols. Briefly, cells were
washed in PBS, fixed in 0.2% glutaraldehyde for 15 min
at room temperature. The cells were then incubated with
senescence-associated β-galactosidase staining solution at
37°C for overnight. The stained cells were observed

Animal Cells and Systems
under an inverted microscope (Nikon, Japan) equipped
with a CCD camera.
Analysis of telomerase activity by relative-quantitative
telomerase repeat amplification protocol (RQ-TRAP)
The RQ-TRAP assay was modified from a conventional
TRAP assay for its use on the LightCycler 3.0 (Roche,
Germany), as previously described by Betts et al. (2006)
and Jeon et al. (2011a). Briefly, 1 × 105 cells were lysed
in 400 µl of 0.5% (v/v) 1·3-[(3-cholamidopropyl) dimethylam-monio] propanesulfonic acid (CHAPS) lysis buffer
(pH 7.5) supplemented with 10 mM Tris–HCl, 1 mM
MgCl2, 1 mM EGTA, 0.1 mM benzamidine, 5 mM 2-mercaptoethanol and 10% glycerol for 30 min on ice. Following lysis, samples were centrifuged for 20 min at 12,000×g
at 4°C. Protein concentration was measured by a spectrophotometer (Mecasys, Korea) and 5 µg of total proteins
were used for RQ-TRAP. The RQ-TRAP was optimized
using the PCR reagent LightCycler FastStart DNA
Master SYBR Green 1 (Roche, Germany) according to
the manufacturer’s protocol, containing 2.5 mM MgCl2,
0.02 µg of primer TS (5′-AAT CCG TCG GAG CAG
AGT T-3′), 0.04 µg of primer ACX (5′-GCG CGG CTT
ACC CTT ACC CTT ACC CTA ACC-3′), total volume
was adjusted up to 20 µl with sterile H2O. The program
consisted of 30 min incubation at 30°C, followed by a
denaturing cycle of 10 min at 94°C, and 40 cycles of
PCR (94°C for 30 s and 60°C for 90 s). All samples were
quantified using the LightCycler Quantification Software’s
(Roche, Germany) second derivative method of crossing
point (Cp) determination, and the telomerase activity of
control MRC-5 fibroblasts was considered as 100% for
comparison with the treatment groups in five replicates.
Analysis of transcripts by reverse transcriptionpolymerase chain reaction (RT-PCR)
To analyze expression level of TERT and TERC transcripts, total RNA was isolated as per the protocol provided
in the RNeasy Micro kit (Qiagen, GmbH, Hilden,
Germany) with on-column DNase I treatment. The concentration of total RNA was determined by a spectrophotometer (Mecasys, Korea). cDNA was synthesized using
Omniscript reverse transcription kit (Qiagen) with 1 µg
total RNA and each of cDNA reactions contained 2 µl of
10 µM random hexamer (Invitrogen), 1 µl of 10 U/µl
RNase Inhibitor (Invitrogen), 2 µl RT buffer, 2 µl dNTP,
and 1 µl Omniscript (Qiagen, USA), adjusted to a total
volume of 20 µl. The cDNA samples were then incubated
in a thermal cycler (TaKaRa, Japan) at 42°C for 1 h,
followed by 5 min at 95°C to inactivate the enzyme. A
total of three reverse transcription reactions were used for
each RNA sample. The PCR amplification was carried
out in an thermal cycler (TaKaRa, Japan) using the
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Maxime-PCR PreMix Kit (iNtRON Biotechnology,
Korea) in 30 cycles with each cycle consisting of an
initial denaturation step at 94°C for 30 s, annealing step
at 58–60°C for 30 s and elongation step at 72°C for 90 s
and 10 min final extension at 72°C. The PCR products
were fractionated by 1% agarose gel electrophoresis. For
each sample of cDNA, three replicates of PCRs were
carried out. The primers used in the study were for reference genes, glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), sense: GAAGGTGAAGGTCGGAGTC, antisense: GAAGATGGTGATGGGATTTC; for telomerase
reverse transcriptase (TERT), sense: CGGAAGAGTGT
CTGGAGCAA, antisense: GGATGAAGCGGAGTCT
GGA; for telomerase RNA component (TERC), sense:
TCTAACCCTAACTGAGAAGGGCGTAG, antisense:
GTTTGCTCTAGAATGAACGGTGGAAG, and the length
of PCR products was 228, 198 and 126 bp, respectively.
The relative quantification of transcripts was calculated to
ratio based on the level of GAPDH in each cDNA
samples using a Gelviewer image processing software
(Innogene, Korea).
Statistical analysis
Differences among the cell groups were analyzed by using
one-way analysis of variance. Differences in the β-glucosidase, telomerase activity and transcript level of genes
were analyzed using a Student’s t-test. Significance was
set at P < .05.
Results
Activity of β-glucosidase in cancer and normal cells
The β-glucosidase activity was assessed as unit per 10 μg
of protein derived from cancer and normal cell lines. The
activity was 7.0 ± 0.57, 5.6 ± 0.30, 3.7 ± 0.41, 3.5 ± 1.11
and 0.8 ± 0.44 Unit/10 ug in A-549, MDA-MB-231,
MCF-7, U87-MG and MRC-5 fibroblasts, respectively.
The activity of β-glucosidase in all of cancer cell lines
was significantly (P < .05) higher than in MRC-5 normal
fibroblasts (Figure 1). Furthermore, the activity level
tended to be interestingly increased in A-549 and MDAMB-231 cancer cell lines with high proliferation capacity
(Figure 2), compared with those in MCF-7 and U87-MG
cancer cell lines.
Growth curve in cell lines treated with amygdalin
To examine proliferation capacity, the cell growth curve
was analyzed in cell lines treated with 0 (control), 2.5,
5, 10, 20, 30 mg/ml. After 7 days of culturing the cells
(1 × 103 cells), high proliferation capacity was observed
in A-549 and MDA-MB-231 cancer cell lines. However,
the proliferation capacity of MCF-7 and U87-MG cancer
cell lines was almost similar to MRC-fibroblasts, as
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MRC-5 fibroblasts. Whereas the frequency of cells with
β-galactosidase activity was apparently higher in amygdalin-treated cancer cells, compared with that of control
cancer cells, implying that cancer cells reached the senescent status more quickly than MRC-5 fibroblasts after
amygdalin treatment.

Figure 1. β-Glucosidase activity in A-549, MDA-MB-231, MCF7 and U87-MG cancer cell lines and MRC-5 normal fibroblasts.
Values indicated unit per 10 µg of protein extract and the mean
β-glucosidase activity (mean ± SEM) of three replicates. a, b, c
and d indicate significant (P < .05) difference among each cell
lines.

shown in Figure 2. The average cell number in 0, 10 and
30 mg/ml amygdaline-treated A-549 and MDA-MB-231
cancer cells was 1.2 × 105 and 7.2 × 104; 3.6 × 104 and
5.5 × 103; 9.1 × 102 and 1.9 × 102 cells, respectively. In 0,
10 and 30 mg/ml amygdaline-treated MCF-7 and U87MG cancer cells, the average of cell number was 2.3 ×
104 and 3.5 × 104; 1.3 × 103 and 1.4 × 103; 8.6 × 101 and
3.1 × 102 cells, respectively. The cell growth in most of
cancer cell lines was efficiently inhibited at 10 mg/ml concentration of amygdalin. Whereas the average of cell
number in 0, 10 and 30 mg/ml amygdaline-treated MRC5 fibroblasts was 3.0 × 105, 2.3 × 105 and 6.5 × 102 cells,
respectively. Moreover, the cell growth was considerably
low in all cell lines at 30 mg/ml of amygdalin.
The morphological changes in control and 10 mg/ml
amygdalin-treated cells were observed under a phase contrast microscope (Figure 3). The morphology of amygdalin-treated cell became enlarged and star shaped as
compared with the control untreated cancer cells, indicating an increase in cellular senescence. However, there
was no change observed in the morphology of control
and 10 mg/ml amygdalin-treated MRC-5 fibroblasts
(Figure 3).

Activity of senescence-associated-β-galactosidase in
cancer and normal cells
The activity of senescence-associated-β-galactosidase was
analyzed in the control and 10 mg/ml amygdalin-treated
cell lines, as shown in Figure 3. The frequency of cells
with senescence-associated-β-galactosidase activity was
higher in control MRC-5 fibroblasts, compared with
control cancer cell lines; however, the frequency in amygdalin-treated MRC-5 fibroblasts was similar to control

Telomerase activity in cancer and normal cells
The RQ-TRAP assay was conducted to analyze the telomerase activity in control and amygdalin- (10 mg/ml)
treated cancer and normal cells. The telomerase activity
in control MRC-5 fibroblasts was considered as 100%
for comparison with other cell lines. Telomere activity
was 805 ± 12.1%, 764 ± 23.3%, 1313 ± 62.6%, 645 ±
32.1% and 100 ± 12.3% in control A-549, MDA-MB231, MCF-7, U87-MG and MRC-5 fibroblasts, respectively (Figure 4). Telomerase activity in cancer cells was
significantly (P < .05) higher than that in normal MRC-5
fibroblasts, reaching the levels almost ∼8–13 fold that
of MRC-5 fibroblasts. However, telomerase activity in
amygdalin- (10 mg/ml) treated cells, that is, A-549,
MDA-MB-231, MCF-7, U87-MG and MRC-5 fibroblasts
was 85.5 ± 20.3%, 172 ± 50.1%, 445 ± 60.5%, 292 ±
80.4% and 88 ± 10.3%, respectively. The telomerase
activity was significantly (P < .05) decreased in amygdalin(10 mg/ml) treated cancer cells. Interestingly, apparent
down-regulation of telomerase activity was observed in
A-549 cells with high β-glucosidase activity following
amygdalin treatment. Moreover, no changes were observed
between amygdalin-treated and untreated fibroblasts
(MRC-5).
Expression of TERT and TERC in cancer and normal
cells
The quantitative expression of TERT and TERC transcriptsrelated telomerase activity in control and amygdalin-treated
(10 mg/ml) A-549, MDA-MB-231, MCF-7, U-87 MG and
MRC-5 fibroblasts was measured (Figure 5). GAPDH was
used as reference genes. Transcript level of TERT and
TERC was up-regulated in A-549, MDA-MB-231, MCF-7
and U-87 MG cancer cell lines, compared with normal
MRC-fibroblasts which did not express TERT and TERC.
As compared with other cancer cell lines, a higher
expression of TERT and TERC was detected in MCF-7
cells (Figure 5). However, amygdalin (10 mg/ml) treatment
resulted in low expression of TERT and TERC in all cancer
cells as compared with their untreated counterparts.

Discussion
The present study was conducted to investigate the
effect of amygdalin treatment on cell growth and telomerase activity in cancer (A-549, MDA-MB-231, MCD-7
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Figure 2. Cell growth curve in A-549, MDA-MB-231, MCF-7 and U87-MG cancer cell lines and MRC-5 normal fibroblasts treated with 0
and 2.5, 5, 10, 20 and 30 mg/ml amygdalin, respectively. The cell number was investigated at 3 and 7 days after treatment.

and U87-MG) and normal MRC-5 fibroblasts cells.
Furthermore, β-glucosidase activity related with cellular
cytotoxicity, effect of amygdalin on cell growth, senescence-associated-β-galactosidase activity and telomerase
activity were evaluated. Our results show that cancer
cell lines exhibit higher β-glucosidase activity than that of
normal MRC-5 fibroblasts because of release of cyanide
compound from amygdalin. Moreover, senescence-associated-β-galactosidase activity was found higher along with
morphological changes in cancer cell lines. The telomerase

activity and expression of related genes were also downregulated in cancer cell lines without exerting any deleterious effects on normal MRC-5 fibroblasts. The differential
cytotoxic effects of amygdalin should be correlated by the
high level of β-glucosidase activity in cancer cell lines
than that of normal somatic cells.
The β-glucosidase activity is not yet fully investigated in
normal and cancer cell lines. It has been reported that rat and
human small intestinal mucosa exhibit high level of glucosidase activity; however, release of glucose from amygdalin
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Figure 3. Changes of cell morphology and senescence-associated-β-galactosidase activity in A-549, MDA-MB-231, MCF-7 and U87-MG
cancer cell lines, and MRC-5 normal fibroblasts treated with 0 (control) and 10 mg/ml amygdalin for 7 days, respectively ( × 100). Cell
alterations with enlarged size and star-like shape were observed in 10 mg/ml amygdalin-treated cancer cell lines, but morphological
changes were not observed in MRC-5 fibroblasts. And 10 mg/ml amygdalin-treated cancer cell lines displayed a higher expression of
senescence-associated-β-galactosidase (blue) than that of 10 mg/ml amygdalin-treated MRC-5 fibroblasts. Scale bars: 50 μm.

by β-glucosidase activity was not detected in any of the
human neoplastic tissues (Newmark et al. 1981). Our
results clearly demonstrated that cancer cell lines contain
high level of β-glucosidase activity as compared with
normal somatic cells (MRC-5 fibroblast), which is in accordance with the findings of Kwon et al. (2003), that Persicae
semen contains amygdalin with β-glucosidase activity and
induces the anti-proliferative cytotoxicity effects and apoptotic cell death in promyelocytic leukemia HL-60 cells.
Amygdalin (C20H27NO11, D -Mandelonitrile 6-O-β-D glucosido-β-D -glucoside, D -Mandelonitrile-β-gentiobioside) was initially isolated from the seeds of tree
almonds, but the compound is a natural plant substance
found in the seeds of various fruits (apples, cherries,
peaches, apricots and others), and also present in plants,

such as lima beans or clover. The amygdalin is not toxic
itself; however, the release of HCN from amygdalin make
it toxic (Shragg et al. 1982; Syrigos et al. 1998). It has
been reported that HCN is one of the most rapidly acting
poisons and can kill within seconds or minutes to hours
depending on the dose and length of exposure (Shragg
et al. 1982; Nelson 2006). Cytochrome oxidase generally
converts oxygen to water using electron with low energy
at the end of the electron transport chain in the inner membrane of mitochondria. Oxidative phosphorylation is responsible for creating large amounts of adenosine triphosphate
(ATP), using it as the primary source of cellular energy
(Mégarbane et al. 2003). However, cyanide compounds,
such as HCN, is spontaneously changed to the negatively
charged cyanide ion (CN−). The cyanide ion prevents cells
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Figure 4. Changes of telomerase activity analyzed by the RQTRAP method in A-549, MDA-MB-231, MCF-7 and U87-MG
cancer cell lines and MRC-5 normal fibroblasts treated with 0
(control) and 10 mg/ml amygdalin for 7 days, respectively.
Values indicated the mean telomerase activity (mean ± SEM) of
five replicates and the telomerase activity in control MRC-5 fibroblasts was considered as 100% for comparison with other cell
lines. a, b, c and d indicate significant (P < .05) difference
among untreated control cell lines, * indicates significant (P
< .05) difference between control and 10 mg/ml amygdalintreated cell lines, respectively.

from using oxygen by inhibiting the oxidative function of
mitochondrial cytochrome oxidase, terminal enzyme in the
electron transport chain which helps in the production of
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ATP (Mégarbane et al. 2003). It has been reported that the
reduced production of ATP leads to cellular dysfunction,
inhibition of cell growth and apoptotic cell death (Mégarbane
et al. 2003). Furthermore, the toxic effect of cyanide ion on
neural system has also been reported (Persson et al. 1985).
Previously several reports have shown the anti-tumor
effect of amygdalin in cancer cells by inhibiting the cell
growth. Cell growth and proliferation were dose-dependently induced in UMUC-3, RT112 and TCCSUP
bladder cancer cell lines treated with amygdalin, resulting
in arrest of cell cycle progression by down-regulation of
cdk2 and cyclin A (Makarević et al. 2014a), and amygdalin
treatment to SNU-C4 human colon cancer cells also displayed anticancer effect via down-regulation of cell
cycle-related genes, implying that the amygdalin compound is induced to incomplete DNA synthesis (Park
et al. 2005). Furthermore, it has been demonstrated that
apoptosis is induced by up-regulating caspase-3 activity
and pro-apoptotic Bax protein, whereas down-regulating
anti-apoptotic protein Bcl-2 in the amygdalin-treated
HeLa cells (Chen et al. 2013), human DU145 and
LNCaP prostate cancer cells (Chang et al. 2006). In
another study, it has been shown that amygdalin influences
the decrease in adhesion and migratory properties of
UMUC-3, TCCSUP and RT112 bladder cancer cells by

Figure 5. Expression of TERT and TERC transcripts related to telomerase activity by RT-PCR in A-549, MDA-MB-231, MCF-7 and U87MG cancer cell lines and MRC-5 normal fibroblasts treated with 0 (control) and 10 mg/ml amygdalin for 7 days, respectively. Values indicated the mean transcript levels (mean ± SEM) of three replicates and were calculated as the ratio based on the level of GAPDH. a, b, c and
d indicate significant (P < .05) difference among untreated control cell lines, * indicates significant (P < .05) difference between control and
10 mg/ml amygdalin-treated cell lines, respectively.
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modulating β1 or β4 integrin expression (Makarević et al.
2014b). These results suggest that amygdalin induces cell
cytotoxicity by interfering with the progression of the
cell cycle and inducing apoptosis.
Supporting these observations, our results also found
that the amygdalin treatment leads to the effective inhibition
of the cell growth and senescent status of the cells. Moreover, our results showed that the amygdalin is efficiently
induced to the inhibition of cell growth at ∼10 mg/ml concentration as reported in the previous studies (Shragg et al.
1982; Chen et al. 2013; Makarević et al. 2014a, 2014b).
However, we interestingly found that the normal somatic
cells (MCR-5 fibroblasts) show considerable resistance to
the cell growth and senescence at 10 mg/ml concentration
of amygdalin. Meanwhile, the present results have showed
that A-549 and MDA-MB-231 cancer cells with relatively
high proliferation capacity possess high β-glucosidase
activity, but their inhibition of cell growth at 10 mg/ml concentration of amygdalin is decreased as compared with those
of MCF-7 and U87-MG cancer cells. Both MDA-MB-231
and MCF-7 cancer cells are types of adenocarcinoma
tumors derived from breast epithelial cells, but it is generally
known that MCF-7 cancer cells exhibit characterizations of
relatively less malignant tumor cells with weak proliferation
capacity than that in MDA-MB-231 cancer cells. It has been
previously demonstrated that cell proliferations of MCF-7
cancer cells are more effectively inhibited by treating anticancer drug than those of MDA-MB-231 and A-549 cancer
cells (Ghate et al. 2013; Abdullah et al. 2014). The differential cytotoxic effect on cell growth is probably related with
cellular characterizations of malignant tumor cells among
each cancer cell lines. Even though highly malignant
tumor cells, such as A-549 and MDA-MB-231 cancer
cells, exhibit high β-glucosidase activity, these cells should
display higher resistance against amygdalin than MCF-7
and U87-MG cancer cells lines.
The cells with high frequency of senescent status generally exhibited an increased G0/G1 phase of cell cycle as
well as high activity of senescence-associated-β-galactosidase and change into senescence-like morphology with
enlarged and irregular cell shape (Funayama & Ishikawa
2007). As shown in our results, amygdalin treatment of
the cancer cells at the 10 mg/ml concentration displayed
higher senescence-associated-β-galactosidase activity
with morphological alterations, whereas the normal
MRC-5 fibroblasts displayed lower activity of senescence-associated-β-galactosidase without any morphological alterations.
Despite the fact that the effect of amygdalin treatment
has not still been reported in normal somatic cells, our
results showed that normal somatic cells treated with
amygdalin possess more tolerance against senescence and
aging by analyzing cell growth curve and senescenceassociated-β-galactosidase activity with morphological
alterations.

Telomere is a repetitive DNA sequence (TTAGGG)n
which protect the linear DNA and maintain genomic integrity at the end of eukaryotic chromosomes. However, the
telomeric DNA sequences in normal somatic cells
(except cancer, germ and stem cells) become gradually
shortened by loss of the terminal repeats, resulting in
incomplete DNA replication during each cell division.
The normal somatic cells with fully shortened telomeric
repeats immediately enter cellular aging and replicative
senescence that undergo a growth arrest with morphologic
and metabolic changes. Telomere length should reflect the
replicative history of the cells. It has been demonstrated
that capacity for cell division before reaching replicative
senescence is related with the telomere length in human
fibroblasts (Allsopp et al. 1992). Moreover, the replicative
senescence of normal somatic cells is thought to play an
important role in aging and to help in tumor suppression
without promoting tumorgenesis (Smith & Kipling 2004;
Falandry et al. 2014).
Telomerase enzyme that adds DNA sequences to the 3′
end of the linear eukaryotic DNA strands can continually
maintain or extend the length of telomeric DNA repeats
(Falandry et al. 2014). High levels of telomerase activity
are detected in germ, stem and most malignant transformed
cells and their telomere length is stably maintained and
extended during cell division. Therefore, the cells conserve
the capacity of limitless replication and high proliferation.
However, the low level of telomerase activity is expressed
in most of the differentiated somatic cells, and their
telomeric repeats are gradually shortened during each cell
division (Falandry et al. 2014) which subsequently leads
to cellular senescence. Our results have also demonstrated
the level of telomerase activity is markedly up-regulated in
cancer cell lines, that is, A-549, MDA-MB-231, MCF-7
and U87-MG (∼8–13 fold), as compared with that of
normal MRC-5 fibroblasts. Previously, the higher telomerase activity in cancer cell lines has been reported (Kim et al.
1994; Cao et al. 2008; Jeon et al. 2011b), and our results
also demonstrated higher telomerase activity in cancer
cell lines as compared with normal fibroblasts. Even
though, telomerase activity is not detected in the normal
somatic cells (Cao et al. 2008), but we detected telomerase
activity at a low level in the MRC-5 fibroblasts by using
the real-time RQ-TRAP method and compared with the
conventional TRAP assay using the gel image system.
Considering the reliability, accuracy and sensitivity of the
real-time RQ-TRAP assay employed in the present study,
it seems to be a suitable method for the detection of telomerase activity at a low level, such as MRC-5 fibroblasts
(Betts et al. 2006; Jeon et al. 2011a, 2011b).
Telomerase enzyme consists of several molecules,
including human telomerase reverse transcriptase
(TERT), telomerase RNA component (TERC), and nucleoprotein and others. It has been showed that telomerase
activity is closely regulated by the expression of TERT
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and TERC. Furthermore, it has been reported that
expression of TERT seems to be the rate-limiting factor
for telomerase activity rather than TREC (Cao et al.
2008). In the present study, MCF-7 cancer cells with
high expression of TERT transcript also showed a high
level of telomerase activity, as compared with other
cancer cell lines. However, the level telomere length in
MCF-7 cancer cells was very similar to those of MDAMB-231 and U87-MG cancer cell lines and continually
maintained, as shown in our previous report (Jeon et al.
2011b), implying that the high level of telomerase activity
exhibited in MCF-7 cancer cells is not directly related with
extension of telomere length. However, our results demonstrated that amygdalin-treated cancer cell lines show low
telomerase activity while the normal fibroblasts remain
unchanged. As the cell growth and division were markedly
inhibited in the amygdaline-treated cancer cells, which
might be one reason due to which the length of telomeric
repeats remains unchanged in these cells. It is an obvious
that telomere length is shortened by progression of cell division. The down-regulation of telomerase activity was
probably culminated from the down-regulation of TERT
and TERC, which also was thought to be a consequence
of cytotoxicity due to β-glucosidase activity in cancer
cells. As mentioned above, cyanide ion released from
amygdalin by β-glucosidase activity should be induced to
the down-regulation of ATP production in cellular respiration and the deficiency of ATP presumed to induce limitation of RNA transcription, protein translation and others
metabolites. Namely, we presumed that the inhibition of
cell growth and induction of cellular senescence is
caused by the cytotoxicity of cyanide ion rather than shortening of telomeric repeats in amygdalin-treated cancer
cells; however, the length of telomeric repeats in amygdalin-treated cancer cells remains to be investigated.
Although any intrinsic analysis related to cellular cytotoxicity was not carried out in amygdalin-treated cancer
cells, still our results have clearly demonstrated that amygdalin can be used as a potential alternative chemotherapeutic drug for human cancer cells by effecting cell growth and
telomerase activity of cancer cells. These cancer cells
possess high level of β-glucosidase activity rendering
them more susceptible against amygdalin when compared
with those of normal somatic cells. Therefore, in cancer
cells amygdalin treatment induced cellular senescence,
down-regulated telomerase activity and transcript level of
TERT and TERC without causing any repressive effects
on normal somatic cells. However, even though amygdalin
exhibits definitely anticancer effects in vitro, this compound should be considered as a potential toxic material
in vivo. As we earlier discussed in this article that the
toxic effect of amygdalin is due to the release of HCN.
In animal models, the lethal dose of amygdalin has been
reported, that is, 880 mg/kg body weight by oral administration in rats and 25 g/kg by intravenous injections in mice
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(Park et al. 2013). It seems that the toxic effect through oral
administration is higher than the intravenous injections,
which is due to the release of more HCN upon hydrolysis
of amygdalin by intestinal microbes (Carter et al. 1980).
Because of such toxicity, there is a need for further indepth studies to investigate its effects in normal somatic
cell lines in vivo. Moreover, the cytotoxic effects of amygdalin in high concentration demand a careful consideration,
that is, specific dosage and route of administration before
using them for therapeutic applications.
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