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The growth inhibition and induction of apoptosis brought by amygdalin and activated with 3-p-
glucosidase were tested for cytoactivity in HepG2 cells. The MTT viability assay showed that all samples
had effects on HepG2 proliferation in dose and time response manners. ICso of stand-alone amygdalin
and activation with 3-p-glucosidase on the proliferation of HepG2 cells for 48 h were 458.10 mg/mL and
3.2 mg/mL, respectively. Moreover, apoptotic cells were determined by AO/EB (acridine orange/ethidium
bromide) fluorescent staining method and Annexin V-FITC/PI staining flow cytometry cell cycle analysis.
With increasing of amygdalin concentration and the incubation time, the apoptotic rate was heightened.
Compared with the control, there was significant difference (p<0.01). Together, these findings indi-
cate that amygdalin had no strong anti-HepG2 activity; however the ingredients of amygdalin activated
with B-p-glucosidase had a higher and efficient anti-HepG2 activity. It was therefore suggested that this

Apoptosis

combination strategy may be applicable for treating tumors with a higher activity.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Amygdalin (p-mandelonitrile-3-p-gentiobioside, Fig. 1A),
Cy0H27NO011, is a cyanogenic glucoside initially isolated from the
seeds of bitter almonds (Prunus dulcis) and other food plants such
as linseed and manioc (Chwalek & P1é, 2004). Amygdalin is some-
times confused with laevomandelonitrile (Cyanophenylmethyl
-B-p-glucopyranosiduronic acid, Fig. 1B), C;4H15NO7, which is
commonly known as laetrile. However, amygdalin and laetrile are
different chemical compounds (Andrew, Roscoe, & Andrew, 1980;
Du et al., 2005). The amygdalin compound is known to change to
its epimer, neoamygdalin (L-mandelonitrile-3-D-gentiobioside)
(Fig. 1A) in water (Koo et al., 2005). It is a controversial anti-tumor
natural product that has been used as an alternative cancer drug for
many years. Since the early 1950s, a modified form of amygdalin
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has been developed under the names “laetrile” and “Vitamin Bq;”
to cure cancer, but it is not a Vitamin. Studies have found it to be
ineffective, dangerously cause cyanide posisoning, and sometimes
fatal under realistic conditions (Fig. 1C and D). It is also decom-
posed by the action of (3-p-glucosidase to yield hydrocyanic acid
which stimulates the respiratory center reflexively and produces a
kind of antitussive and antiasthmatic effects (Badr & Tawfik, 2010;
Lv, Yu, & Zheng, 2005).

Previous studies on amygdalin have focused on its purification,
toxicity related to the release of cyanide, anti-tumor mechanism,
and identification of its metabolites in plasma or herbs, and its phar-
macological effect on cancers (Rauws, Gramberg, & Olling, 1982).
Besides the antitumor activity, amygdalin has also been used for the
treatment of asthma, bronchitis, emphysema, leprosy and diabetes.

Amygdalin has been used as a traditional drug because of its
wide range of medicinal benefits, including curing or preventing
cancer, relieving fever, suppressing cough, and quenching thirst. In
the late 1970s and early 1980s, amygdalin was reported to selec-
tively kill cancer cells at the tumor site without systemic toxicity
and to effectively relieve pain in cancer patients. However, the Food
and Drug Administration (FDA) has not approved amygdalin as a
cancer treatment owing to insufficient clinical evidence of its effi-
cacy and potential toxicity. Despite the failure of clinical tests to
demonstrate the anticancer effects of amygdalin in the U.S.A. and
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Fig. 1. (A-E) Molecular structure of amygdalin, laetrile and hydrolysis process of amygdalin, ICso of amygdalin itself and activated with 3-p-glucosidase. (A) Molecular struc-
ture of amygdalin (D-mandelonitrile-B3-p-gentiobioside, C;0H27NO11). (B) Molecular structure of laetrile (cyanophenylmethyl-f3-p-glucopyranosiduronic acid, C14H15NO7).
(C) Hydrolysis of amygdalin by a typical sequential mechanism of two step hydrolytic reactions. (D) Hydrolysis of amygdalin by a simultaneous mechanism of one step
hydrolytic reactions. (E) ICso of amygdalin itself and activated with (3-p-glucosidase on the proliferation of HepG2 cells with different test groups for 24, 48, and 72 h. The
median effective dose (ICso), which is the amount of samples able to inhibit cell proliferation by 50%, was calculated graphically for each cell proliferation curve (a plot of
inhibition of cell proliferation (%) versus concentration (graph not shown) which yielded a linear equation, part values are shown in).

in Europe, amygdalin continues to be manufactured and admin-
istered as an anticancer therapy in northern Europe and Mexico
(Chang, Shin, & Yang, 2006; Kwon, Lee, & Hong, 2010). Few studies
have investigated its pharmacological effects on HepG2 cells.
Recently, studies by Chang and Zhang (2012) demonstrated that
amygdalin itself has no anti-tumor activity in vitro, but rather the
active ingredients were determined to be amygdalin degradation

products. However, amygdalin has been recognized having anti-
tumor activity in vivo for a long time. Further studies on this subject
are rather limited.

It is known that, in the intestine, the enzyme complex emulsin
containing the enzymes [3-D-glucosidase, benzocyanase, and oth-
ers, may degrade the amygdalin into many components. The
growth inhibition and the induction of apoptosis brought by
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amygdalin itself and activation with [3-p-glucosidase were tested
for cytoactivity in the human hepatocellular carcinoma cell line
HepG2. Therefore, the objectives of the current study were: (a) to
examine the effects of amygdalin on human HepG2 cells and to
characterize the apoptosis involved; (b) to investigate the effect of
amygdalin activated with [3-glucosidase on HepG2 cells prolifera-
tion and apoptosis.

2. Materials and methods
2.1. Materials

Cell culture medium and reagents were purchased from Gibco
Laboratories (Grand Island, NY, USA). HepG2 (HB 8065) cell line was
obtained from the Type Culture Collection of the Chinese Academy
of Science Cell Bank and preserved in our laboratory. Amyg-
dalin, streptomycin, penicillin, L-glutamine and dimethyl sulfoxide
(DMSO) were all greater than 98% in purity (Sigma-Aldrich Corp.).
All other chemicals made in China were of analytical grade. Culture
media and antibiotics were purchased from Gibco (Grand Island,
NY, USA), 0.25% trypsin—-EDTA, fetal bovine serum (FBS), -D-
glucosidase (37 U/mg), and nonessential amino acids (NEAA) were
obtained from Sigma-Aldrich (Steinheim, Germany). The 3-(4,5-
dimethylthiazo-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) kit,
the acridine orange/ethidium bromide (AO/EB) fluorescent staining
kit, and Annexin V-FITC/PI apoptosis detection kit (KeyGEN Biotech,
Nanjing, China).

2.2. Cell culture

The human hepatoma HepG2 cells (a human hepatoblastoma
cell line with a wide variety of liver-specific metabolic responses
to different kinds of drugs) (Knowles, Howe, & Aden, 1980) were
routinely cultured in RPMI1640 medium supplemented with 10%
(v/v) heat-inactivated fetal bovine serum (FBS), 100U/mL peni-
cillin, 100 pg/mL streptomycin, 1% non-essential aminoacids and
2mmol/L L-glutamine, in a humidified atmosphere of 95% air-5%
CO, at 37°C. The cells were subcultured every 7 days at 1:3 split
ratios. The cells were used for experiments within eight passages
to ensure cell line stability. The medium was changed every 2 days
whiles the stocked cells were routinely frozen and stored in liquid
N».

Stock solutions of amygdalin (140 mg/mL) and (3-p-glucosidase
(1 mg/mL) were freshly prepared in serum-free RPMI1640 and then
filtered through 0.22 pm sterile cellulose acetate syringe filters. The
control cells received an equivalent amount of RPMI1640.

2.3. Cell proliferative MTT assay dose-response

The MTT assay was used to evaluate the antiproliferative activ-
ities of amygdalin and the degradation group tests. The assay is
based on the cleavage of the yellow tetrazolium salt MTT into purple
formazan by metabolically active cells, which can be photometri-
cally quantified (Mosmann, 1983). An increase in the number of
living cells results in an increase in total metabolic activity, which
leads to a stronger color formation.

For the assays, cells (5 x 103 cells/well in 180 wL of complete
RPMI1640) were placed in each well of a 96 well flat bottom plate.
The cells were allowed to adhere for 24 h, and then 20 L of the
complete cell growth medium of different concentrations of sam-
ples were added to the cells. The blank wells contained the above
concentrations of samples in 200 p.L of growth medium but with
no cells. After 24, 48, 72 and 96 h of incubation, the media were
replaced with 200 pL of serum-free RPMI1640. To each well was
added 50 pL of MTT solution (5 mg/mL). After 4h of postincuba-
tion, the medium was removed and 100 p.L of DMSO was added to

each well in order to solubilize the formazan. The plate was read
using a Labsystem multiskan MCC/340 microplate reader (Thermo
Electron Corporation, Barcelona) at a wavelength of 570 nm with a
reference wavelength of 690 nm. The results are expressed as the
percentage of viable cells with respect to the control.

Inhibitory of cell proliferation (%)

_ | Mean absorbance of the control — Mean absorbance of the sample 100
- Mean absorbance of the control

The median effective dose (ICsq ), which is the amount of samples
able to inhibit cell proliferation by 50%, was calculated graphically
for each cell proliferation curve.

2.4. Cell morphology and adhesion

Cells were seeded on 35mm Petri dish at a density of
1 x 10° cells/mL with or without indicated concentrations of the
samples and the test groups. At each of the incubation periods (24 h,
48 h, 72 h), the cells were observed under a microscope (TE2000-U,
Nikon Corporation).

2.5. Apoptosis induction with AO/EB double staining assay

The cells seeded and treated with the test groups at the various
concentrations were dyed in situ with 2 pL mixture of 100 mg/L AO
and 100 mg/L EB, and observed under a fluorescence microscope
(Eclipse E 600 Nikon, Italy). Double staining allows discrimination
of live (L) cells from early apoptotic (EA), late apoptotic (LA) and
necrotic cells (N). The AO permeates all cells and stains the nuclei
green as a result of intercalation in double-stranded DNA or orange
when it binds to single stranded RNA and accumulates in lyso-
somes. The EB is absorbed only by cells with a damaged cytoplasmic
membrane, and the nucleus of LA and N cells is stained red. EB dom-
inates over AO. L cells have a normal green nucleus; EA cells display
a bright green nucleus with condensed or fragmented chromatin;
in LA cells condensed and fragmented chromatin is stained orange;
finally, N cells have an orange stained, structurally normal nucleus
(Giantomassi et al., 2010).

The percentage of apoptotic cells was calculated as the ratio of
apoptotic cells to total cells. Morphometric analysis was performed
on digital images recorded with the Coolpix camera at the same
magnification in 20 randomly selected fields per treatment using
the Lucia image analyzer. L, N, EA and LA cells were expressed as
percent values of all cells counted (Aljandali et al., 2001; Baskic,
Popovi¢, Risti¢, & Arsenijevi¢, 2006). A minimum of 400 cells were
counted for each treatment.

The apoptosis rate (%)

__ [Early apoptotic cells + Late apoptotic cells
- Total cells

]xlOO

2.6. Analysis of apoptosis with Annexin V-FITC/PI staining assay

HepG2 cells (5 x 10° cells/well), grown in 6-well plates for 24 h
were used for Annexin V-FITC/PI experiments. Apoptosis or necro-
sis was determined using an Annexin V-FITC/PI apoptosis detection
kit as previously described (Dey & Cederbaum, 2006), which is
based on the observation that soon after initiating apoptosis, cells
translocate the membrane phosphatidylserine (PS) from the inner
face of the plasma membrane to the cell surface, but they also
shrink, increasing their side scatter (SS) and reducing their for-
ward scatter (FS) characteristics. Once on the cell surface, PS can be
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easily detected by staining with a fluorescent conjugate of Annexin-
V, that has a high affinity for PS. Cells that have Annexin-V-FITC
bound on their surface (early apoptotic) show a green membrane
fluorescence, while cells that have lost membrane integrity will
show an homogeneous red fluorescence (propidium iodide, PI) of
the nucleus and a halo of green staining (FITC) on the cell surface
(late apoptotic or necrotic cells).

In brief, untreated and treated HepG2 cells were collected,
washed twice in ice-cold PBS, and then resuspended in binding
buffer at a density of 5 x 10° cells/mL. Then cells were harvested
and resuspended with trypsin, stained with fluorescein isothio-
cyanate (FITC)-labeled Annexin V (10 p.g/mL) and PI (20 p.g/mL) at
37°C for 15 min in the dark and analyzed by flow cytometry using
excitation/emission wavelengths of 488/525nm and 488/675 nm
for AnnexinV and P, respectively. Apoptotic cells positively stained
with Annexin V showed green fluorescence and necrotic cells
appeared as red fluorescent cells.

Generally, in FACS analysis, Annexin V+/PI— were regarded as
apoptosis (early apoptotic), and Annexin V+/PI+ were regarded as
necrosis (late apoptotic). Percentage of apoptotic cells were mea-
sured by the fluorescence-activated cell sorter analysis in a FACS
analyzer (Becton Dickinson), and was calculated as the ratio of
apoptotic cells to total cells.

The apoptosisrate (%)

_ | AnnexinV + /Pl — +AnnexinV + /Pl+ 100
B Total cells x

2.7. Statistical analysis

Data were expressed as mean =+ standard deviation (SD), SPSS
14.0 statistical package (SPSS Inc., Chicago, IL, USA) was performed
for determination of statistical significance. Difference between
two groups was analyzed by Student’s t-test, and difference among
three or more groups was analyzed by using Duncan’s multiple
range tests. Difference with different letters p < 0.01 was considered
statistically significant.

3. Results

3.1. Effects on proliferation of HepG2 cells

To investigate the effect of stand-alone amygdalin and the one
activated with (3-p-glucosidase on cell proliferation, MTT assays
were performed with different concentrations of amygdalin. The
inhibitory effects on the proliferation for HepG2 cells with test
groups post treatment of different concentrations are presented in
Table 1. Compared with the control, the inhibition of the HepG2
cells proliferation increased significantly (p<0.01) with increas-
ing amygdalin concentrations and incubation time in the range
0-14 mg/mL, and 24-72 h, respectively. As can be seen from Table 1,
the incubation with amygdalin inhibited HepG2 cell proliferated in
a dose and time-dependent manner.

The median effective dose (ICsg ), which is the amount of samples
able to inhibit cell proliferation by 50%, was calculated graphi-
cally for each cell proliferation curve. The IC5g of the stand-alone
amygdalin and 3-p-glucosidase activated one on the proliferation
of HepG2 cells (Fig. 1E) for 48 h were 458.10 mg/mL and 3.2 mg/mL,
respectively. The values of ICsq indicated in Fig. 1E show that the
presence of the 3-p-glucosidase hydrolysis on amygdalin resulted
in a significant (almost 150-fold) increase in the growth inhibition.

3.2. Effects on morphology and adhesion of HepG2 cells

Change of the morphology of HepG2 cells with amygdalin treat-
ment of test groups at 24 h is shown in Fig. 2. Compared with the

Table 1

519

Effects of amygdalin itself and activated with 3-p-glucosidase on the proliferation

of HepG2 cells.

Test groups Inhibition of cell proliferation (%)
24h 48h 72h
Amygdalin®
Control od Oc Oe
1.75 2.104+0.30c 4.03+0.91b 543+1.12d
3.50 3.57 £0.45bc 5.50+1.32b 7.83+0.47c
7 4.53+0.55b 10.87+1.21a 12.23+0.71b
14 8.13+1.60a 12.83+1.26a 15.73+1.42a
Amygdalin activated with 3-p-glucosidase®
Control Oe Oe Oe
1 2593+1.11d 30.37+1.62d 36.93+1.96d
11 39.60+1.87c 51.03 +2.36¢ 63.47 £2.55¢
il 60.33+£1.42b 80.43 £1.55b 84.87+2.15b
v 78.57+1.32a 90.23+1.76a 91.00+2.51a

Data are presented as mean =+ SD. n =6, triplicate.

Controls contained test cells and culture medium, but no test compounds.

Values in column with different lowercase letters (a-d) are significantly different
(p<0.01) among different groups.

2 Test group: amygdalin, 1.75, 3.5, 7.0, 14.0 mg/mL.

b Test group: amygdalin activated with P-p-glucosidase, I: 1.75mg/mL
amygdalin +0.1 mg/mL 3-p-glucosidase, II: 3.5 mg/mL amygdalin + 0.1 mg/mL 3-D-
glucosidase, I1I: 7.0 mg/mL amygdalin + 0.1 mg/mL -p-glucosidase, IV: 14.0 mg/mL
amygdalin +0.1 mg/mL -p-glucosidase.

control, the volume of the treated cells was relatively smaller and
the protuberance and disfiguration appeared in the cell membrane.
At 72 h, the treated cells were easy to pile up together (Fig. 2), which
suggested that the treatment of test groups increased the adhesion
ability of the HepG2 cells.

3.3. Induced HepG2 cells apoptosis

To get the degree of apoptosis of the self and induced HepG2
cells, amygdalin on cells viability and apoptotic pathway were
investigated. The results of the morphological alterations of HepG2
cells from amygdalin itself and activation with B-p-glucosidase
treatment for 24-72 h were shown in Fig. 3. Treated cells stained
with AO/EB and DAPI displayed nuclei condensation and fragmen-
tation dose and time dependence. Typical phenotypes of apoptosis
such as cytoplasm shrinkage and membrane blebbing were also
observed.

3.4. Effects on the rate of apoptosis of HepG2 cells

The effects of amygdalin on the apoptotic rate of the HepG2 cells
with AO/EB double staining measurement at 24, 48, and 72 h are

Table 2
The apoptosis rate on HepG2 cells of amygdalin activated with 3-p-glucosidase by
AO/EB double staining measurement and Annexin V-FITC/PI staining measurement.

Test groups The apoptosis rate (%)
24h 48h 72h
AO/EB double staining measurement
Control 1.17 + 1.044 1.83 + 0.29¢ 1.83 + 0.29¢
I 30.17 £ 1.04¢ 36.00 + 1.00¢ 44,00 + 1.00¢
I 40.17 + 0.76° 55.50 + 2.17° 67.17 + 1.04°
11 60.33 £+ 1.04? 84.83 £+ 0.767 89.00 + 1.00°
Annexin V-FITC/PI staining measurement
Control 1.65 + 0.27¢ 2.62 + 0.464
[ 23.58 £ 0.94°¢ 28.11 & 1.24°¢
1 32.33 + 1.89° 42.09 + 2.09°
11 51.84 + 2.482 81.46 + 3.142

Data are presented as mean =+ SD. n =6, triplicate.

Controls contained test cells and culture medium, but no test compounds.

Values in column with different superscript lowercase letters are significantly dif-
ferent (p <0.01) among different groups.
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24h

Control

i

48 h 72h

Fig. 2. Morphological changes of the cells treated with different test groups for 24, 48, and 72 h. Cells morphology was observed by a phase contrast inverted microscope

(200x). Controls contained test cells and culture medium, but no test compounds.

shown in Table 2. At 24, 48, and 72 h, all test groups produced a sig-
nificantly (p <0.01) greater percentage of apoptosis rate compared
with the control.

The effects of amygdalin on the rate of apoptosis of the HepG2
cells with flow cytometry using Annexin V-FITC/PI staining mea-
surement at 24, 48, and 72 h are shown in Fig. 4. All treated cells
displayed some morphological traits such as nuclear condensation
(pyknosis) and fragmentation (karyorrhexis) consistent with the
apoptotic program cell death and served as the visual confirmation
of the cell cycle analysis. The apoptotic rate of the amygdalin on
the HepG2 cells with Annexin V-FITC/PI staining measurement is
shown in Table 2.

4. Discussion
Amygdalin has been used as a cytotoxic agent to treat cancer,

though cancer patients treated with conventional therapies have
used amygdalin as an alternative cancer drug for about 40 years

(Nahrstedt, Sattar, & El-Zalaban, 1990). In small quantities, gly-
cosides such as amygdalin do exhibit expectorative, sedative and
digestive properties. Since its discovery in 1845, many researchers
have reported the anti-tumor activity of amygdalin in vitro. How-
ever, some researchers reported that this “alternative cancer cure”
was not supported by encouraging evidence as some of these alter-
native cures are associated with considerable risks (Ge, Chen, Han,
& Chen, 2007). The study presented here demonstrates that amyg-
dalinitselfand activated with 3-p-glucosidase, inhibit proliferation
and induces apoptosis in human hepatoblastoma HepG?2 cells. The
similar results, Tables 1 and 2 indicate that amygdalin itself had no
strong anti-HepG2 activity; however the ingredients of amygdalin
activated with (3-pD-glucosidase had efficient anti-HepG2 activity.
For better evaluation of the apoptotic features, the AO/EB Dou-
ble Staining and Annexin V-FITC/PI Apoptosis Detection kit were
used in the present work (Figs. 3 and 4). Apoptosis, essential in
controlling cell number in many developmental and physiological
settings, has been found to be impaired in many human tumors,
suggesting that disruption of apoptotic function contributes
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24 h

Control

48 h 72h

N

NVNA

Fig. 3. Morphological changes of HepG2 cells treated with different test groups for 24, 48, and 72 h with AO/EB double staining (400x ). Controls contained test cells and
culture medium, but no test compounds. VNA: viable non-apoptotic cell, VA: viable apoptotic cell, NVA: non-viable apoptotic cell, NVNA: non-viablenon-apoptotic cell.

substantially to the transformation of a normal cell into a tumor
cell (Kawata, Osawa, & Okabe, 2009; Lee et al., 2004; Zhang &
Popovich, 2008; Zhang et al., 2011). Apoptosis is an important phe-
nomenon in chemotherapy-induced tumor-cell killing (Lin et al.,
2007; Mochizuki et al., 2009). Apoptosis was assessed by three
criteria in the present work, the morphology of cells (Fig. 2),
the qualitative research with AO/EB fluorescent staining method
(Fig. 3) and Annexin V-FITC/PI staining flow cytometry (Fig. 4), and
evaluated by the apoptosis rate (Table 2).

Amygdalin was reported to degrade into benzaldehyde, glu-
cose and hydrocyanic acid, a key ingredient in killing tumor cells
but one that is also toxic to patients (Giinata, Bayonove, Tapiero,
& Cordonnier, 1990; Giinata, Bayonove, Cordonnier, Arnaud, &
Galzy, 1990b; Nout, Tuncel, & Bimer, 1995). As shown in Fig. 1C
and D, we hypothesize that the potential mechanism of degra-
dation of amygdalin with 3-p-glucosidase may occur such that
amygdalin is sequentially hydrolyzed to prunasin and then man-
delonitrile, a typical sequential mechanism of two step hydrolytic
reactions (Fig. 1C). In addition, amygdalin is directly hydrolyzed to

mandelonitrile, a simultaneous mechanism of hydrolysis of one
step hydrolytic reaction (Fig. 1D). Mandelonitrile in itself may
undergo spontaneous hydrolysis to hydrocyanic acid and benzalde-
hyde or enzymatic decomposition by benzocyanase present in the
emulsin complex. Mandelonitrile glucuronide may be hydrolyzed
at the tumor site by B-glucuronidase to yield hydrocyanic acid,
benzaldehyde and glucuronic acid. Therefore, in vivo the enzyme
complex emulsin containing the enzymes 3-p-glucosidase, benzo-
cyanase, and others, degrades the amygdalin into four components:
hydrocyanic acid, benzaldehyde, prunasin, and mandelonitrile,
which are absorbed into the lymph and portal circulations (Chang
& Zhang, 2012). So, the injection for amygdalin is a better way than
oral administration.

Hepatocellular carcinoma is one of the most common malig-
nant tumors worldwide and may be one of the most common fatal
cancers, especially in eastern Asian countries (Chen, Lv, Liu, & Xu,
2009; Martin et al., 2008). In cases of hepatocellular carcinoma,
surgical resection is preferred. Unfortunately, many patients with
this disease have metastatic disease at the time of initial diagnosis;
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Fig. 4. Apoptosis percentage of HepG2 cells treated with different test groups for 24 and 48 h was analyzed by flow cytometry using Annexin V-FITC/PI staining. The data
presented are representative of three independent experiments. Controls contained test cells and culture medium, but no test compounds.

surgical resection is usually not an ideal choice because of other
pathological changes (Yoo et al., 2002). In patients with advanced
disease, the average survival period is one year or less. Therefore,
the development of a new therapeutic or combination strategy
to this disease remains one of the most challenging areas (Colo,
1998). Based on the molecular approach, this report described a
novel discovery that a treatment of amygdalin activated with (3-
D-glucosidase leads to an enhancement of apoptosis in human
hepatoma HepG2 cells. Therapy of amygdalin activated with

B-p-glucosidase may allow the use of a lower drug dose, the
co-administration of these two resulted in an impressive enhance-
ment of tumor cell killing, and it is more likely to lead to a lower
toxicity and an enhancement of tumor killing. It was therefore
suggested that this combination strategy may be applicable for
treating tumors with a high activity. However, the actual clinical
benefit for this application needs to be verified by further exten-
sive in vivo testing, and without doubt, in vivo animal studies and
humanintervention studies will provide more solid evidence in this
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area. Further studies are planned to determine the precise mode of
cell death and cytoactive mechanism attributed to amygdalin acti-
vated with 3-D-glucosidase. Studies are ongoing in our laboratory
to further clarify the possible mechanisms.

5. Conclusions

In this paper, the inhibitory effects of amygdalin itself and acti-
vated with 3-p-glucosidase on proliferation of cell line HepG2 were
investigated. Compared with amygdalin, the activated ingredients
showed stronger inhibitory effect on the proliferation rate among
the cells tested. Apoptosis effects were assessed by three criteria in
the work, the morphology of cell treated with the activated ingre-
dients appeared irregular and the adhesion ability was changed
among cells. Furthermore, the nuclei of the cells presented charac-
ters of apoptosis. As potential toxicity is concerned, the injection for
amygdalin is a better way. Moreover, therapy of combination strat-
egy (amygdalin activated with B-p-glucosidase) may allow with
lower drug dose.
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