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 mygdalin induces apoptosis in human cervical cancer cell
A
line HeLa cells
Yu Chen, Jinshu Ma, Fang Wang, Jie Hu, Ai Cui, Chengguo Wei, Qing Yang, and Fan Li
Department of Pathogenobiology, Bethune College of Medicine, Jilin University, Chang Chun, Jilin, China
Abstract
Amygdalin, a naturally occurring substance, has been suggested to be efficacious as an anticancer substance. The
effect of amygdalin on cervical cancer cells has never been studied. In this study, we found that the viability of human
cervical cancer HeLa cell line was significantly inhibited by amygdalin. 4,6-Diamino-2-phenyl indole (DAPI) staining
showed that amygdalin-treated HeLa cells developed typical apoptotic changes. The development of apoptosis in
the amygdalin-treated HeLa cells were confirmed by double staining of amygdalin-treated HeLa cells with annexin
V-FITC and propidium iodide (PI) along with increase in caspase-3 activity in these cells. Further studies indicated that
antiapoptotic protein Bcl-2 was downregulated whereas proapoptotic Bax protein was upregulated in the amygdalintreated HeLa cells implying involvement of the intrinsic pathway of apoptosis. In vivo, amygdalin administration
inhibited the growth of HeLa cell xenografts through a mechanism of apoptosis. The results in the present study
suggest that amygdalin may offer a new therapeutic option for patients with cervical cancer.
Keywords: Amygdalin, cervical cancer, HeLa cells, apoptosis, xenograft

Introduction

mechanisms of amygdalin and its application in vivo are
worthy of further study.
Amygdalin is abundant in the seeds of apricots,
almonds, peaches, apples, and other rosaceous
plants(5,7) and is composed of two molecules of glucose,
one molecule of benzaldehyde and one molecule of
hydrocyanide. Amygdalin was reported to have an anticancer effect via inducing apoptosis in prostate cancer
cells(5) and downregulating cell cycle-related genes in
SNU-C4 human colon cancer cells.(6) It is believed that
the benzaldehyde in amygdalin is able to induce an
analgesic effect and the hydrocyanide in amygdalin is
able to induce an anti-neoplastic effect.(8) Amygdalin
could be a new therapeutic substance for patients with
cancers although there has been controversy surrounding the use of amygdalin as a cancer drug due to concerns of cyanide toxicity.(9–11)
There is a growing interest in reports of amygdalin
as a cancer treatment drug. The anticancer effect and
mechanism of amygdalin in cervical cancer has never

Cervical cancer is currently one of the most common
malignancies(1) and the second leading cause of death in
women worldwide, killing ~280,000 women each year.(2)
Eighty percent of cervical cancer occurs in developing
countries, and it is also the second leading cause of mortality in women aged 21–39 in the United States.(1) Despite
advances in radiotherapy and chemotherapy, problems related to these therapies such as side effects and
development of drug resistance remained unsolved.(3)
Meanwhile, the high rate of mortality in cervical cancer
has remained relatively static.(4) One of the strategies to
solve these problems is to develop novel therapies and
add them to the regimen of current anticervical cancer
approaches. In the search for the alternative therapies for
cancer treatment, we have noticed that a natural cyanidecontaining substance, amygdalin, is gaining reputation
as a complementary substance for cancer treatment due
to its effectiveness in inhibiting the growth of cancer
cells(5,6) and easy availability. Therefore, the anticancer
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been reported. The present study was designed to study
the apoptotic effect of amygdalin on human cervical
cancer HeLa cells in vitro and in vivo in order to provide
rationale for its use in the treatment of cervical cancer.

Materials and methods
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Reagents
Amygdalin, dimethyl sulfoxide (DMSO), 4,6-diamino2-phenyl indole (DAPI), and triton X-100 were purchased from Sigma-Aldrich (St Louis, MO, USA).
Mouse anti-β-actin, mouse anti-Bcl-2, and rabbit antiBax primary antibodies were purchased from Santa
Cruz (Santa Cruz, CA, USA). Horseradish peroxidaseconjugated secondary rabbit anti-mouse or goat antirabbit antibodies were purchased from Rockland Inc.
(Philadelphia, PA, USA).

Cell culture
Human cervical cancer HeLa cell line and human embryonic amnion FL cell line were purchased from the Tumor
Center of Chinese Academy of Medical Sciences. The cells
were cultured in 75 cm2 tissue culture flasks under humidified 5% CO2 atmosphere at 37°C in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, USA) 
supplemented
with 10% fetal bovine serum (FBS) (Invitrogen, USA), and
1% penicillin-streptomycin (100 U/mL penicillin and 100
μg/mL streptomycin). During the course of the experiment, the cells were maintained under the same conditions described above except using 0.2% FBS instead of
10% FBS.

MTT cytotoxicity assay
MTT cytotoxicity assay was used to determine the cytotoxicity of amygdalin on HeLa cells and FL cells. HeLa
cells and FL cells were grown in a final volume of 100 μl
DMEM medium containing 10% FBS per well in 96-well
plates at a density of 1 × 105 cells/mL. After 12 h, amygdalin was added at concentrations of 1.25, 2.5, 5, 10, and
20 mg/mL in the DMEM medium with 0.2% FBS for 24 h.
After adding 5 μl of MTT labeling reagent (MTT Cell
Proliferation Assay Kit; Trevigen, USA) to each well, the
plate was incubated for 4 h before 100 μl solubilization
solution DMSO was added to the wells. Absorbance at
570 nm(12) was then measured in a microtiter plate reader
(Bio-Tek, Winooski, VT, USA). The percentage of cell viability was calculated by a formula of (OD of drug-treated
sample/control OD) × 100%. The assay was performed at
least three times.

Morphology of HeLa and FL cells
HeLa and FL cells were seeded in 96-well culture plates.
After 12 h, amygdalin was added to the wells at concentrations of 1.25, 2.5, 5, 10, and 20 mg/mL in DMEM medium
containing 0.2% FBS for 24 h. The morphologic changes
of the cells were then observed under an inverted optical
microscope (CKX41 Olympus; Olympus, Japan).



DAPI staining
DAPI staining was used to observe the morphological
changes of the nucleus in apoptotic cells. 2 × 105/well
of HeLa cells were plated in 6-well plates and cultured
in DMEM medium containing 10% FBS overnight. The
medium was then replaced with DMEM medium containing 0.2% FBS and treated with amygdalin at concentrations of 1.25, 2.5, 5, 10, and 20 mg/mL for 24 h. After
removing the medium, the cells were washed twice with
a cold phosphate-buffered saline (PBS), fixed with 100%
ethanol for 20 min at room temperature, and washed twice
again with cold PBS. The cells were observed under a fluorescence microscopy (IX70-SIF2 Olympus; Olympus).

Double staining with annexin V-FITC and propidium
iodide
The induction of apoptosis by amygdalin was evaluated
by double staining of annexin V-FITC and propidium
iodide (PI). After HeLa cells were incubated with 1.25,
2.5, 5, 10, and 20 mg/mL amygdalin in DMEM medium
containing 0.2% FBS in 6-well plates for 24 h, the cells
were harvested, washed twice with cold PBS, and
assayed for apoptosis by the double staining of annexin
V-FITC and PI (Annexin V-FITC Apoptosis Detection
Kit; KeyGEN, Nanking, China). Briefly, 5 × 105 cells were
resuspended in a binding buffer (10 mM HEPES, pH 7.4,
140 mM NaCl, 1 mM MgCl2, 5 mM KCl, 2.5 mM CaCl2),
stained with 5 μl of annexin V-FITC for 10 min, and
then stained with 5 μl of PI for another 15 min. The cells
were then immediately analyzed with a flow cytometer
(FACScan; BD Biosciences, Milano, Italy). On the image
from the flow cytometer, cells in the upper-right portion
(Q2), the lower-left portion (Q3), and the lower-right portion (Q4) represent late-apoptotic cells, viable cells, and
early apoptotic cells, respectively.

Western blot
Western blot was used to evaluate the expressions of
apoptosis related proteins. After incubated with 1.25, 2.5,
5, 10, and 20 mg/mL amygdalin in DMEM medium containing 0.2% FBS for 24 h, HeLa cells were harvested and
washed twice with the PBS and dissolved in a lysis buffer
[150 mM NaCl, 0.1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 50 mM Tris, 1 mM dithiothreitol (DTT), 5 mM
Na3VO4, 1 mM phenylmethanesulfonyl fluoride, 10 μg/
mL trypsin, 10 μg/mL aprotinin, 5 μg/mL leupeptin; pH
7.4] for 2 h at 4°C. The lysate was centrifuged at 12,000g
for 15 min at 4 °C. The protein concentration of the lysate
was measured with a Bio-Rad colorimetric protein assay
kit (Bio-Rad, USA). Protein (30 μg) from each sample was
subjected to SDS-polyacrylamide gel electrophoresis and
transferred to a polyvinylidene difluoride membrane.
The membrane was then blocked with PBS containing
5% nonfat milk at 4°C for 1 h and incubated with mouse
anti-β-actin, mouse anti-Bcl-2, and rabbit anti-Bax primary antibodies (1:200) at 4°C for 12 h. The membrane
was washed with TBST buffer (20 mM Tris–HCl, 150 mM
Immunopharmacology and Immunotoxicology
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NaCl 0.05% (vol/vol) Tween 20) for three times. The
membrane was then incubated with horseradish peroxidase-conjugated secondary rabbit anti-mouse or goat
anti-rabbit antibodies (1:500) for 1 h at room temperature. After incubation, the membrane was covered completely with an equal amount of enhancer and peroxide
solution from the ECL Plus kit (Beyotime, Shanghai,
China) for 2 min. The membrane was then exposed to a
film (Kodak, USA) and developed. The experiment was
repeated at least three times.
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Caspase-3 enzyme activity assay
Caspase-3 is a key biomarker for apoptosis. In vitro
caspase-3 protease activity was measured using a
colorimetric assay kit (Genscript, NJ, USA). As per the
manufacturer’s instruction, HeLa cells incubated in
DMEM medium containing 0.2% FBS were treated with
amygdalin at concentrations of 1.25, 2.5, 5, 10, and 20 mg/
mL for 24 h. The cells were then lysed to allow for detection of chromophore p-nitroanilide (pNA) after cleavage
from the labeled substrate DEVD-pNA. The absorbance
was measured at wavelength of 405 nm with a microtiter
plate reader. The relative increase in caspase-3 activity
was determined by comparing the absorbance of pNA
from the amygdalin-treated HeLa cells with that from the
nontreated control.

In vivo anticancer activity of amygdalin
A model of nude mice implanted with HeLa cells was
used to evaluate the effect of amygdalin on the tumor
formation and morphology. Male BALB/c nude mice
(4–6 weeks old, 16–20 g) were purchased from the Beijing
Vital River Experimental Animals Technology (Beijing,
China). To establish the HeLa cell tumor xenograft in
mice, a cultured 5 × 106 of HeLa cells were collected and
injected into the right flank of the mice. When the size of
the tumors reached 30–50 mm3, the mice were randomly
divided into three groups with six mice in each group.
The control group mice received a daily intraperitoneal
injection of 0.9% NaCl in 0.2 mL for 14 days. The positive
control group mice received a daily intraperitoneal injection of 30 mg/kg 5-fluorouracil (5-FU) in 0.2 mL for 14
days. In the treatment group, the mice received 300 mg/
kg amygdalin in 0.2 mL for 14 days. The mice in each
group were weighed and the tumor sizes were recorded
with a Vernier caliper once every 2 days. The tumor volume (TV) was calculated by a formula of 0.5 × long axis ×
(short axis).(2) One day after the last injection, the tumors
were removed carefully, fixed in 10% neutral formalin in
PBS buffer, and then embedded in paraffin. All procedures were conducted in accordance with the guidelines
established by the National Science Council of Republic
China.

nick end-labeling (TUNEL) kit (KeyGEN). The extent of
apoptosis was evaluated by counting the TUNEL-positive
cells. The apoptotic index was determined by a formula
of number of TUNEL-positive cells/total number of cells
in five randomly selected high-power fields (magnification, ×400).

Statistical analyses
The data was expressed as mean values and SD for all
experiments. Statistically significant differences were
determined between the control and amygdalin-treated
groups using Student’s t-test (SPSS 16.0 software).
Significance of difference is indicated as *p < 0.05, **p <
0.01, and ***p < 0.001.

Results
Effect of amygdalin on viability of HeLa and FL cells
The viability of the HeLa cells treated with amygdalin
decreased in a dose-dependent manner. At concentrations of 1.25, 2.5, 5, 10, and 20 mg/mL, the viability
of HeLa cells treated with amygdalin were 93.38 ± 4.15%
(p > 0.05), 91.67 ± 5.29% (p > 0.05), 83.14 ± 5.46% (p < 0.01),
70.67 ± 2.59% (p < 0.001), and 48.56 ± 2.86% (p < 0.001) of
the control value, respectively. Interestingly, amygdalin
has no effect on the viability of FL cells (Figure 2).

Morphologic changes of HeLa cells treated with
amygdalin
Increasing concentrations of amygdalin caused a trend
of decreasing in the numbers of the HeLa cells but did
not cause significant change in the numbers of FL cells
(data not shown). The HeLa cells became round in shape
after amygdalin treatment especially at higher concentrations of amygdalin (Figure 3A). DAPI staining of the
amygdalin-treated HeLa cells revealed nuclear condensation and fragmentation (Figure 3B).

Analysis of apoptosis by double staining HeLa cells
with annexin V-FITC and PI
HeLa cells became apoptotic after they were treated with
amygdalin. The distribution of apoptotic HeLa cells measured by flow cytometry showed that the numbers of early

TUNEL assay
Sections 5-µm thick obtained from the tumor paraffinembedded tumor tissues were used to identify apoptosis with a terminal deoxynucleotidyl transferase dUTP

Figure 1. Chemical structure of amygdalin.
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(Q4) and late-apoptotic (Q2) HeLa cells were significantly
increased in comparison with the control group (Figure
4A). To be specific, increases in the concentrations of
amygdalin at 0, 1.25, 2.5, 5, 10, and 20 mg/mL were correlated with an increase in the ratio of apoptotic to total
HeLa cells as follows: 8.8 ± 0.7%, 14.3 ± 1.6%, 15.6 ± 2.9%,
21.4 ± 1.8%, 25.4 ± 2.3%, and 33.7 ± 2.6% (Figure 4B).
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Expression of Bcl-2 and Bax proteins

Figure 2. Effect of amygdalin on the viability of HeLa cells and FL
cells. HeLa and FL cells in Dulbecco’s modified Eagle’s medium
(DMEM) medium containing 0.2% fetal bovine serum (FBS) were
treated with different concentrations of amygdalin for 24 h. After
adding 5 μl of MTT-labeling reagent, the cells were incubated for 4 h
before 100 μl solubilization solution was added. The experiments
were repeated at least three times. The results are presented as the
mean ± SE. **p < 0.01, ***p < 0.001 vs. untreated control.

The expression of Bax protein was increased and the
expression of Bcl-2 protein was decreased in a dosedependent manner in the HeLa cells treated with amygdalin. After 24 h of exposure to amygdalin at concentrations
of 1.25, 2.5, 5, 10, and 20 mg/mL, the corresponding
ratios of Bax protein expression to Bcl-2 protein expression were as follows: 0.17 ± 0.05, 0.25 ± 0.04, 0.41 ± 0.09,
0.68 ± 0.1, 1.36 ± 0.13, and 1.69 ± 0.11 (Figure 5A and B).

Effect of amygdalin on caspase-3 activity in HeLa cells
Caspase-3 in HeLa cells was activated by amygdalin in
a dose-dependent manner. Increased concentrations

Figure 3. Morphology of the HeLa cells. (A) HeLa cells under an optimal microscope. HeLa cells in Dulbecco’s modified Eagle’s medium
(DMEM) medium with 0.2% fetal bovine serum (FBS) were treated with different concentrations of amygdalin for 24 h. The HeLa cells were
observed under an inverted microscope. (B) DAPI staining. HeLa cells in DMEM medium containing 0.2% FBS were treated with different
concentrations of amygdalin for 24 h. The morphological changes of the HeLa cells were observed by fluorescence microscopy (×400). The
experiments were repeated at least three times.
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Figure 4. Apoptosis analyzed by flow cytometry. (A) HeLa cells sorted by flow cytometry. The HeLa cells were incubated with different
concentrations of amygdalin in Dulbecco’s modified Eagle’s medium (DMEM) medium containing 0.2% fetal bovine serum (FBS) for 24 h.
The cells were harvested, washed with a cold PBS, and double stained with Annexin V-FITC and propidium iodide. The cells were sorted with
a flow cytometer. The experiments were repeated at least three times. (B) Percentage of apoptotic HeLa cells. The apoptotic HeLa cells were
calculated as the percentage of apoptotic cells in the portions of Q2 and Q4 to the total number of the cells. The data are expressed as mean ±
SD of three experiments (*p < 0.05, **p < 0.01, ***p < 0.001 vs. untreated control).

of amygdalin at the amounts of 0, 1.25, 2.5, 5, 10, and
20 mg/mL, resulted in corresponding increases of
caspase-3 activity as follows: 0.139 ± 0.02, 0.149 ± 0.02,
0.164 ± 0.01, 0.29 ± 0.01, 0.394 ± 0.01, 0.482 ± 0.04.
Furthermore, caspase-3 inhibitor DEVD-fmk aborted
the activation of caspase-3 activated by amygdalin. At
concentration of 20 mg/mL of amygdalin, the caspase-3
activity in the HeLa cells treated with DEVD-fmk was
only 25.7% of those without treatment of DEVD-fmk
(Figure 6).

amygdalin or 30 mg/kg 5-FU was 255.4 ± 134.8 or
269.5 ± 101.3 mm3 (Figure 7A and B). There were no significant changes in body weight between the control,
5-FU, and amygdalin groups (Figure 7C). Amygdalin
inhibited the tumor growth in the xenografts tumor
model through a mechanism of apoptosis. The percentage of the TUNEL positive cells in the groups of control
(saline), 5-FU (30 mg/kg), and amygdalin (300 mg/kg)
were 2.1 ± 0.7, 36.3 ± 2.1, and 33.8 ± 3.5, respectively
(Figure 7D and E).

Effect of amygdalin on growth of HeLa cells in vivo

Discussion

Tumor xenografts transplanted by the HeLa cells
were used to evaluate the antitumor effect of amygdalin in vivo. Amygdalin significantly inhibited the
tumor growth. The average TV in the control mice was
453.2 ± 132 mm3 14 days after the injection of saline. In
contrast, the TV in the mice injected with 300 mg/kg

The major goal of the present study was to test the hypothesis that amygdalin induces apoptosis in human cervical
cancer cell line HeLa cells in attempt to evaluate it as an
addition to the current regimen for treatment of cervical cancer. There are three key findings in the present

© 2013 Informa Healthcare USA, Inc.
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Figure 5. Effect of amygdalin on the expression of Bcl-2 and Bax protein in HeLa cells. (A) Western blot. The protein levels of Bcl-2 and Bax in
the HeLa cells were determined by western blot. The expression of β-actin was set as a sample loading control. (B) Ratio of Bax to Bcl-2. The
levels of Bcl-2 and Bax protein from the Western blot were quantitatively analyzed with an image analyzer and expressed as the ratio of Bax/
Bcl-2. Data are presented as mean ± SD (n = 3). (*p < 0.05, **p < 0.01, ***p < 0.001 vs. untreated control).

Figure 6. Caspase-3 enzyme activity. HeLa cells in Dulbecco’s
modified Eagle’s medium (DMEM) medium containing 0.2% fetal
bovine serum (FBS) were treated with different concentrations
of amygdalin for 24 h. 20# represents the HeLa cells treated with
20 mg/mL amygdalin and 1 μg of DEVD-fmk a caspase inhibitor.
The experiments were repeated at least three times. The results are
presented as the mean ± SD. ***p < 0.001 vs. control. #p < 0.001 vs.
the 20 mg/mL amygdalin-treated group.

study: (1) the viability and numbers of HeLa cells were
decreased after treatment with amygdalin; (2) induced
apoptosis in HeLa cells might be through the intrinsic
pathway of apoptosis; (3) in vivo, amygdalin administration inhibited the growth of tumor of HeLa cells through
a mechanism of apoptosis.
MTT assay can accurately determine the count
of live cells and is indispensable for the assessment
of cytotoxicity relevant to screening of anticancer
drugs.(13) By using the assay in the present study, we
found that amygdalin reduced the viability of HeLa
cells in a dose-dependent manner. The effect of amygdalin on cell viability appeared to be cell type dependent as the viability of the amygdalin-treated FL cells
did not show significant changes in comparison with


non-amygdalin-treated FL cells (Figure 2). A similar
phenomenon was demonstrated by observation of
cultured cells under a microscope: The numbers of
amygdalin-treated HeLa cells (Figure 3A) were markedly less than those of non-amygdalin–treated control
HeLa cells, whereas the numbers of FL cells were not
affected by amygdalin treatment. Mechanisms underlying the difference between HeLa and FL cells responding to amygdalin described above remains elusive.
Some unique features in HeLa or FL cells must contribute to the differences. Some studies suggest that cancer
cells are rich in β-glucosidase which can break down
amygdalin in order to release cyanide, exerting toxicity
upon the cancer cells.(14–16) Some other studies suggest
that rhodanese, which has the ability to detoxify cyanide, is present in normal tissues but deficient in cancer
cells. The combined action of the two enzymes may be
responsible for inducing cyanide-related toxicity in cancer cells treated with amygdalin-poison cancer cells by
cyanide, while normal cells remain undamaged.(6,17) The
HeLa cell-line is derived from human cervical cancer
cells and FL cells from benign cells of human embryonic amnion. Further studies are required to determine
whether or not β-glucosidase is enriched in HeLa cells
and rhodanese in FL cells and whether these features
are responsible for the specificity of amygdalin on the
proliferation of HeLa cells vs. FL cells.
The present study demonstrated that amygdalin was
able to induce apoptosis in HeLa cells. Therefore, we
believe that the amygdalin reducing viability of HeLa
cells was through a mechanism of apoptosis. We tested
the apoptotic effects of amygdalin on HeLa cells with
various techniques from different angles including DAPI
staining and analyzing the morphological alterations of
Immunopharmacology and Immunotoxicology
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Figure 7. Effect of amygdalin on the growth of HeLa cell xenografts in vivo. HeLa cells were injected subcutaneously into the right flank
of nude mice. After solid tumor was formed, the mice were randomly divided into three groups of control, 5-fluorouracil (5-FU) and
amygdalin with six mice in each group. The mice were injected intraperitoneally daily with 0.9% NaCl, 30 mg/kg of 5-FU and 300 mg/kg of
amygdalin in corresponding groups. Mice were sacrificed on the day 15 after the injection. (A) Visual observation of implanted tumors.
(B) Tumor volume after the injection. Data are represented as means ± SD. *p < 0.05 vs. control on the same day. (C) Growth curve. (D)
Apoptosis measured by TUNEL assay. (E) TUNEL positive cells counted under a light microscope. The values represent means ± SD from
five slides. *p < 0.05 vs. control.

cellular nuclei under a fluorescent microscope (Figure
3B).(18,19) Annexin V-FITC and PI double staining was used
to measure the amount of early and late-apoptotic cells by
flow cytometry (Figure 4).(20–22) Caspase-3 activity, known
to mediate integral parts of the apoptotic pathway(23–27)
and the ratio of Bax to Bcl-2(28) were also shown to be
increased by amygdalin treatment. The results from above
studies demonstrated the apoptotic effect of amygdalin
on HeLa cells. The induction of apoptosis by amygdalin
in several other cell types has been reported recently
including prostate cancer cells(5) and promyelocytic leukemia cells,(18) which are consistent with the findings in
our study except the type of cell. There are two pathways
mediating the development of apoptosis, the extrinsic
pathway and the intrinsic pathway. The extrinsic pathway is mediated by death receptors.(29) The mitochondria
play a central role in the intrinsic pathway,(30,31) which are
regulated by the Bcl-2 family of proteins.(32–35) The results
in the present study showed that the ratio of Bax protein
to Bcl-2 protein was increased in the HeLa cells treated
with amygdalin in a dose-dependent manner suggesting
an involvement of the intrinsic pathway in the amygdalin-induced apoptosis. In addition to apoptosis, another
mechanism by which amygdalin reduced the viability of
HeLa cells might be cell cycle arrest. To test the possibility

of cell cycle involvement, amygdalin-treated HeLa cells
were stained and the distribution of the cells at G0/G1,
S, and G2/M phases was measured by flow cytometry.
It was shown that the distribution pattern of amygdalin
and non-amygdalin–treated HeLa cells at G0/G1, S and
G2/M phases remain the same indicating no cell cycle
arrest was involved in amygdalin reducing the viability of
HeLa cells (data not shown). The mechanisms by which
amygdalin reduces the viability of a cell might vary in different cell types with different genetic background: the
reduced viability caused by amygdalin in SNU-C4 human
colon cancer cells has been shown to be mediated by a
mechanism of downregulation of cell cycle-related proteins rather than apoptosis.(6)
The results from the present study demonstrated that
amygdalin significantly inhibited the growth of the xenograft of HeLa cells in nude BALB/c mice by a mechanism
of inducing apoptosis (Figure 7). The results of the in
vivo study are novel as we have not seen similar report
in publication so far. There were no obvious side effects
found in the nude mice after amygdalin administration.
This may hold true as amygdalin is kind of herb or vitamin occurring naturally. Although it contains a hydrocyanic group which is toxic to living cells, it is safe as long
as the molecule of amygdalin remains intact without the

© 2013 Informa Healthcare USA, Inc.
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hydrocyanic group being released enzymatically from
the molecule of amygdalin.

Conclusion
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In this study, our results demonstrate that amygdalin is
able to inhibit the growth of human cervical cancer cell
line HeLa cells both in vitro and in vivo through a mechanism of inducing apoptosis. We suggest that amygdalin
may serve as a potentially effective therapy for cervical
cancer.
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