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Abstract. Although amygdalin is used by many cancer patients 
as an antitumor agent, there is a lack of information on the 
efficacy and toxicity of this natural compound. In the present 
study, the inhibitory effect of amygdalin on the growth of 
renal cell carcinoma (RCC) cells was examined. Amygdalin 
(10 mg/ml) was applied to the RCC cell lines, Caki-1, KTC-26 
and A498, for 24 h or 2 weeks. Untreated cells served as 
controls. Tumor cell growth and proliferation were deter-
mined using MTT and BrdU tests, and cell cycle phases were 
evaluated. Expression of the cell cycle activating proteins cdk1, 
cdk2, cdk4, cyclin A, cyclin B, cyclin D1 and D3 as well as of 
the cell cycle inhibiting proteins p19 and p27 was examined by 
western blot analysis. Surface expression of the differentiation 
markers E- and N-cadherin was also investigated. Functional 
blockade by siRNA was used to determine the impact of 
several proteins on tumor cell growth. Amygdalin treatment 
caused a significant reduction in RCC cell growth and prolif-
eration. This effect was correlated with a reduced percentage 
of G2/M-phase RCC cells and an increased percentage of cells 
in the G0/1-phase (Caki-1 and A498) or cell cycle arrest in the 
S-phase (KTC-26). Furthermore, amygdalin induced a marked 
decrease in cell cycle activating proteins, in particular cdk1 and 
cyclin B. Functional blocking of cdk1 and cyclin B resulted 
in significantly diminished tumor cell growth in all three 
RCC cell lines. Aside from its inhibitory effects on growth, 
amygdalin also modulated the differentiation markers, E- and 
N-cadherin. Hence, exposing RCC cells to amygdalin inhibited 
cell cycle progression and tumor cell growth by impairing cdk1 
and cyclin B expression. Moreover, we noted that amygdalin 
affected differentiation markers. Thus, we suggest that amyg-
dalin exerted RCC antitumor effects in vitro.

Introduction

Renal cell carcinoma (RCC) is the most common renal cancer 
and most aggressive urologic tumor, and its incidence is 
increasing (1). Approximately 15-20% of RCC patients already 
have metastases at diagnosis, while up to 30% of patients develop 
metastases during therapy. Once metastasized, the prognosis for 
patients is poor. Increased knowledge of the molecular modes 
of action of RCC has contributed to the development of targeted 
therapies during the last decade, thus improving the outlook 
for patients in advanced stages of the disease. However, despite 
therapeutic advances, prognosis for patients with RCC remains 
poor, with 5-year survival remaining between 5 and 12% (2,3).

Most patients with advanced RCC wish to actively participate 
in their battle against cancer and/or to avoid adverse side effects, 
which often occur during conventional therapy. Many patients, 
therefore, turn towards complementary and alternative medi-
cine (CAM). More than 50% of cancer patients in Europe (4) 
and up to 80% of cancer patients in the United States (5) use 
CAM together with or in place of conventional therapy.

Amygdalin (D-mandelonitrile-β-gentiobioside) is a natural 
compound which is often used by cancer patients. It is found 
in the fruit kernels of apricots, peaches, apples and in bitter 
almonds (6-8). The first studies on amygdalin use by cancer 
patients came from Russia in the 1840s (9). In the 1920s amyg-
dalin was also administered to cancer patients in the United 
States (10). In the 1950s a semi-synthetic, chemically different 
derivate of amygdalin, laetrile, was introduced. After the 
introduction of laetrile, the terms amygdalin and laetrile were 
often used synonymously, making it difficult to draw conclu-
sions from studies which did not discriminate between the two 
compounds (11). In the 1970s amygdalin/leatrile became one of 
the most popular, non-conventional anticancer treatments. By 
1978, approximately 70,000 US cancer patients had used amyg-
dalin (12). The National Cancer Institute (NCI) initiated several 
studies (13-16) with sobering results. In a summary of the only 
phase II trial, no substantive benefit was ascribed to amygdalin, 
whereas several patients with symptoms of cyanide (HCN) 
poisoning were described (13). However, the quality of this 
study is questionable since a heterogeneous patient cohort was 
used, no control groups were included, and a racemate instead 
of pure amygdalin was used for the i.v. therapy. All official 
judgement concerning amygdalin has been based on this trial, 
since no other clinical trial with amygdalin is available. The 
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German Federal Institute for Drugs and Medical Devices 
(BfArM) (http://www.bfarm.de/DE/Home/home_node.html), 
has also classified amygdalin as a questionable drug, as have 
counterparts in other countries. Despite the controversy and 
lack of scientifically sound data on the benefits and risks of 
amygdalin, many cancer patients use amygdalin (11,17). Thus, 
to clarify the many questions which remain to be answered on 
the impact of amygdalin on tumor growth and proliferation, the 
cell cycle progression and underlying molecular action modes 
in RCC cells were determined in the present study.

Materials and methods

Cell cultures and amygdalin treatment. The kidney carcinoma 
cell lines, Caki-1, KTC-26 and A498 were purchased from 
LGC Promochem (Wesel, Germany). The cells were grown 
and sub‑cultured in RPMI-1640 medium (obtained from 
Seromed, Berlin, Germany) supplemented with 10% FCS, 
20 mM HEPES‑buffer, 100 IU/ml penicillin and 100 µg/ml 
streptomycin at 37˚C in a humidified atmosphere with 5% CO2 
in an incubator. Sub-cultures from passages 5-24 were selected 
for use in the experiments. Amygdalin from apricot kernels 
(Sigma-Aldrich, Taufkirchen, Germany) was freshly dissolved 
in cell culture medium and was then added to the tumor cells at 
a concentration of 10 mg/ml [previously evaluated as optimal 
concentration (18)] for either 24 h or 2 weeks (three times a 
week) to evaluate acute versus chronic treatment. The controls 
remained untreated. In all experiments in the present study, 
treated tumor cell cultures were compared to non-treated tumor 
cell cultures. In order to examine the toxic effects of amyg-
dalin, cell viability was determined by Trypan blue (Gibco/
Invitrogen, Darmstadt, Germany).

Measuring tumor cell growth, proliferation and apoptosis. Cell 
growth was assessed using the 3-(4,5-dimethylthiazol‑2-yl)-
2,5-diphenyltetrazolium bromide (MTT) dye reduction assay 
(Roche Diagnostics, Penzberg, Germany). Caki-1 cells (50 µl, 
1x105 cells/ml) were seeded onto 96-well tissue culture plates. 
After 24, 48 and 72 h, 10 µl MTT (0.5 mg/ml) were added 
for an additional 4 h. Thereafter, cells were lysed in a buffer 
containing 10% SDS in 0.01 M HCl. The plates were incu-
bated overnight at 37˚C, 5% CO2. Absorbance at 550 nm was 
determined for each well using a microplate enzyme-linked 
immunosorbent assay (ELISA) reader. After subtracting back-
ground absorbance, results were expressed as the mean number 
of cells.

Cell proliferation was measured using a BrdU cell prolifer-
ation ELISA kit (Calbiochem/Merck Biosciences, Darmstadt, 
Germany). Tumor cells, seeded onto 96-well plates, were 
incubated with 20 µl BrdU-labeling solution per well for 8 h, 
and fixed and detected using anti-BrdU mAb according to 
the manufacturer's instructions. Absorbance was measured at 
450 nm using a microplate ELISA reader.

In order to evaluate whether tumor cell growth was 
impaired or reduced due to apoptosis, the expression of 
Annexin  V/propidium iodide  (PI) was evaluated using an 
Annexin V-FITC Apoptosis Detection kit (BD Pharmingen, 
Heidelberg, Germany). Tumor cells were washed twice with 
PBS and subsequently incubated with 5 µl Annexin V-FITC 
and 5 µl of PI in the dark for 15 min at room temperature. 

Cells were analyzed by flow cytometry using FACSCalibur 
(BD Biosciences, Heidelberg, Germany). The percentage of 
apoptotic cells (early and late) in each quadrant was calculated 
using CellQuest software (BD Biosciences).

Percentage of cells in different cell cycle phases. Cell cycle 
analysis was carried out on subconfluent cell cultures. Tumor 
cell populations were stained with PI, using a CycleTEST 
PLUS DNA Reagent Kit and then subjected to flow cytometry 
using FACScan (both from Becton-Dickinson, Heidelberg, 
Germany). From each sample 10,000 events were collected. 
Data acquisition was carried out using CellQuest software, and 
cell cycle distribution was calculated using ModFit software 
(Becton-Dickinson). The number of gated cells in G1, G2/M or 
S phases is expressed in percentage form.

Expression of cell cycle regulating proteins. Cell cycle regu-
lating proteins were investigated by western blot analysis. 
Tumor cell lysates were applied to a 7-15% polyacrylamide gel 
(depending on protein size) and electrophoresed for 90 min at 
100 V. The protein was subsequently transferred to nitrocel-
lulose membranes (1 h, 100 V). After blocking with non-fat 
dry milk for 1 h, the membranes were incubated overnight 
with monoclonal antibodies directed against the following 
cell cycle proteins, which were all from BD Biosciences: 
cdk1 (IgG1, clone 1, dilution 1:2,500; #610038), cdk2 (IgG2a, 
clone 55, dilution 1:2,500; #610146), cdk4 (IgG1, clone 97, dilu-
tion 1:250; #610148), cyclin A (IgG1, clone 25, dilution 1:250; 
#611269), cyclin B (IgG1, clone 18, dilution 1:1,000; #610220), 
cyclin D1 (IgG1, clone G124-326, dilution 1:250; #554181), 
cyclin D3 (IgG2b, clone 1, dilution 1:1,000; #610280), p19 
(IgG1, clone 52/p19, dilution 1:5,000; #610530), p27 (IgG1, 
clone 57, dilution 1:500; #610244). HRP-conjugated goat‑anti-
mouse IgG (dilution 1:5,000; #12-349; Merck Millipore, 
Temecula, CA, USA) served as the secondary antibody. The 
membranes were briefly incubated with ECL detection reagent 
(ECL™; Amersham/GE  Healthcare, München, Germany) 
to visualize the proteins and then analyzed with the Fusion 
FX7 system (Peqlab, Erlangen, Germany). β-actin (dilution 
1:1,000; #A5441; Sigma, Taufenkirchen, Germany) served as 
the internal control.

Surface expression of E- and N-cadherin. Tumor cells were 
washed in blocking solution (PBS, 0.5% BSA) and then incu-
bated for 60 min at 4˚C with phycoerythrin (PE)-conjugated 
monoclonal antibodies (mAB) directed against the following: 
anti-human E-cadherin-PE (mouse IgG2b, clone  180224; 
#FAB18381P) and anti-human N-cadherin-PE (rat IgG2a, 
clone  401408; #IC1388P) (both from R&D  Systems, 
Wiesbaden, Germany). E- and N-cadherin surface expression 
of the RCC cells was then measured by flow cytometry using 
FACscan [FL-2H (log) channel histogram analysis; 1x104 cells/
scan;BD Biosciences] and expressed as mean fluorescence 
units. Rat IgG2a-PE (clone RG7/1.30; #558067) or mouse 
IgG2b-PE (clone 27-35; #555743) (both from BD Biosciences) 
served as isotype controls.

Blocking experiments. To determine whether cdk1 and cyclin B 
impacted tumor cell growth in Caki-1, KTC-26 and A498 cell 
lines, cells were transfected. Tumor cells (3x105/6-well) were 
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transfected with small interfering RNA  (siRNA) directed 
against cdk1 (Hs_CDC2_10, gene ID: 983, target sequence: 
AAGGGGTTCCTAGTACTGCAA) or cyclin B (Hs_CCNB1_6, 
gene ID: 891, target sequence: AATGTAGTCATGGTAAAT 
CAA) (both from Qiagen, Hilden, Germany), with siRNA/transf
ection reagent (HiPerFect transfection reagent; Qiagen) at a 
ratio of 1:6. Non-treated cells and cells treated with 5 nM control 
siRNA (AllStars Negative Control siRNA; Qiagen) served as 
controls. Subsequently, tumor cell growth was determined as 
indicated above.

Statistical analysis. All experiments were performed 3-6 times. 
Statistical significance was determined by the Wilcoxon-Mann-
Whitney U test. A p-value <0.05 was considered to indicate a 
statistically significant difference.

Results

Tumor cell growth and proliferation is blocked by amyg-
dalin. Exposure to amygdalin (10 mg/ml) for 24 h or 2 weeks 
resulted in significant and similar degrees of growth inhibi-
tion over 72 h in all three RCC cell lines, Caki-1, KTC-26 
and A498, compared to the untreated control cells (Fig. 1). 
Caki-1, KTC-26 and A498 cell proliferation was also signifi-
cantly reduced after 24 h or 2 weeks of amygdalin exposure, 
compared to the controls (Fig. 2). Antitumor effects in the RCC 
cells were comparable after 24 h and 2 weeks of amygdalin 
treatment (Fig. 2).

Neither apoptosis nor necrosis is induced by amygdalin. 
Neither significant early or late apoptosis, nor induction of 
necrosis, was detected after amygdalin administration (data 
not shown).

Amygdalin alters the percentage of RCC cells in G0/1-, 
S- and G2/M-phases. Amygdalin significantly increased the 
percentage of Caki-1 and A498 cells in the G0/G1-phase and 
reduced the amount of S- and G2/M-phase cells after 24 h and 
2 weeks (Fig. 3) of exposure, compared to untreated controls. In 
KTC-26 cells, amygdalin caused the percentage of G2/M-phase 
cells to significantly decrease, while S-phase cells increased 
(24 h, <2 weeks). No significant increase in the percentage of 
G0/G1-phase cells was measured after 24 h amygdalin treat-
ment in KTC-26 cells. After 2 weeks of amydalin treatment, 
in KTC-26 cells, concomitant with the S-phase increase, the 
number of G0/G1-phase cells significantly decreased (Fig. 3), 
compared to the control.

Amygdalin causes a reduction in cell cycle activating 
protein expression. We noted that the alterations in cell cycle 
progression were accompanied by modulation of cell cycle 
regulating proteins  (Fig. 4). In all three cell lines, Caki-1, 
KTC-26 and A498, treatment with amygdalin for 24 h and 
2  weeks contributed to downregulation of the cell cycle 
activating proteins cdk1, cdk2 and cdk4 as well as cyclin A 
and B, with the strongest effects being noted in relation to cdk1 
and cyclin B expression. Cyclin D1 was also diminished in 

Figure 1. Growth of renal cell carcinoma (RCC) cells, (A) Caki-1, (B) KTC-26 and (C) A498. Cells were treated with 10 mg/ml amygdalin for 24 h or 2 weeks. 
Controls remained untreated. Number of cells was set to 100% after 24 h incubation. Bars indicate the means ± standard deviation (SD). *p≤0.05 indicates a 
significant difference to the control. n=5 experiments.
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Caki-1 and KTC-26 after 24 h (Fig. 4, left panel) and in Caki-1 
and A498 after 2 weeks amygdalin application (Fig. 4, right 
panel). No marked changes were detectable for cyclin D3, in 
any cell line. By contrast to the cell cycle activating proteins, 
expression of the cell cycle inhibiting protein p19 was enhanced 
after amygdalin exposure in Caki-1 (24 h and 2 weeks) and 
A498 (24 h) cell lines. p27 was also elevated in A498 cells 
(24 h) (Fig. 4, left panel). However, p19 and p27 were reduced 
in KTC-26 cells, and diminished p27 was noted in Caki-1 cells 
after 24 h.

A decrease in cdk1 and cyclin B is involved in growth inhibi-
tion caused by amygdalin. Due to the fact that in the present 
study the most striking inhibitory effect of amygdalin was 
noted in relation to cdk1 and cyclin B expression, the impact 
of those two proteins on tumor cell growth was evaluated by 
blocking their function using siRNA. Knockdown of cdk1 
and cyclin B resulted in significant inhibition of cell growth 
in all three cell lines, compared to the untreated and mock 
control (Fig. 5A-C). In all three RCC cell lines, blocking of 

cdk1 and cyclin B protein expression was verified by western 
blot analysis (Fig. 5D).

Differentiation markers are modulated by amygdalin treat-
ment. Dedifferentiation of tumor cells is accompanied by 
loss of E-cadherin and increased N-cadherin expression. 
Expression of these two differentiation markers was deter-
mined in order to evaluate whether amygdalin influences 
tumor cell differentiation. After 24 h of treatment with amyg-
dalin, we noted a significant decrease of surface N-cadherin 
in the three cell lines (Fig. 6). After 2 weeks of amygdalin 
treatment, markedly increased E-cadherin expression on the 
surface of Caki-1 and KTC-26 cells was noted (Fig. 6A and B). 
In KTC-26 cells, E-cadherin elevation was associated with a 
significant reduction in surface N-cadherin (Fig. 6B). However, 
N-cadherin expression in Caki-1 cells significantly increased 
after 2 weeks of amygdalin exposure, although the MFU was 
still lower than that for E-cadherin (Fig. 6A). No significant 
effect on E-cadherin was noted in the A498 cells after 2 weeks 
of amygdalin application.

Figure 3. Effect of amygdalin on renal cell carcinoma (RCC) cell distribution in the different cell cycle phases. Percentage of Caki-1 (Caki), KTC-26 (KTC) 
and A498 cells in G01/1-, S- and G2/M-phases is indicated. RCC cells treated with amygdalin for 24 h or 2 weeks were compared to untreated controls. One 
representative of three separate experiments is shown.

Figure 2. Proliferation of renal cell carcinoma (RCC) cells. (A) Caki-1, (B) KTC-26 and (C) A498 cells were treated with 10 mg/ml amygdalin for 24 h or 2 weeks. 
Controls remained untreated. Bars indicate the means ± standard deviation (SD). *p≤0.05 indicates a significant difference to the control. n=5 experiments.
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Discussion

In the present study, we noted that treatment of the RCC 
cell lines Caki-1, KTC-26 and A498 with amygdalin caused 
significant inhibition of cell growth and proliferation. Similar 
growth reduction after amygdalin application has been noted 
in non-small cell lung cancer (19) and bladder cancer cells (18) 

in vitro, as well as cervical cancer cells in vivo (20). Based on 
our data we conclude that the inhibition of growth induced by 
amygdalin is not due to apoptosis or necrosis. Other cancer 
cells such as cervical, bladder and prostate cancer cells 
react to amygdalin with apoptosis, leading to growth inhibi-
tion (18,20,21). Thus, the mode of action of amygdalin seems 
to depend on the type of cancer.

Figure 4. Protein expression profile of cell cycle regulating proteins in renal cell carcinoma (RCC) cells. Caki-1, KTC-26 and A498 cells after 24 h (left panel) 
or 2 weeks (right panel) of exposure to amygdalin and untreated controls. -, control; +, amygdalin. β-actin served as the internal control. One representative of 
three separate experiments is shown.

Figure 5. Tumor cell growth of renal cell carcinoma (RCC) cells. (A) Caki-1, (B) KTC-26 and (C) A498 after functional blocking with siRNA targeting cdk1 
and cyclin B. AllStars negative control siRNA served as transfection control (mock). Controls remained untreated. Bars indicate standard deviation (SD). * 

p≤0.05, significant difference to the control. n=5 experiments. (D) Protein expression profile of cell cycle regulating proteins of Caki-1, KTC-26 and A498 cells 
after functional blocking with siRNA targeting cdk1 and cyclin B. AllStars Negative Control siRNA served as transfection control (mock). Controls remained 
untreated. β-actin served as the internal control. One representative of three separate experiments is shown.
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Although inhibition of growth in all three RCC cell lines 
was accompanied by changes in the percentage of cells in 
different cell cycle phases, the changes were not homogeneous. 
Treatment of Caki-1 and A498 cells with amygdalin caused 
an increase in G0/G1-phase cells by reducing the S- (Caki-1 
and A498) and G2/M-phases (Caki-1). Amygdalin treatment 
caused an increase of S-phase cells in KTC-26 cells, while 
the G2/M- and G0/G1-phases were reduced after 2 weeks. The 
elevation of S-phase cells in KTC-26 after amygdalin appli-
cation is likely indicative of cell cycle arrest in the S-phase. 
In various bladder cancer cell lines, amygdalin-induced 
growth blockade, effected by differently influencing cell cycle 
progression, has also been noted, increasing the percentage of 
G0/G1 phase cells in one cell line and elevating S-phase cells 
in another (18).

Alteration of the percentage of cell cycle phases was 
correlated with modulation of the expression of cell cycle 
regulating proteins. In all three RCC cell lines, most cell cycle 
activating proteins were reduced after amygdalin treatment, 
in particular cdk1 and cyclin B. Cdk1 is known to be a key 
kinase for mitotic entry (22). The cdk1-cyclin B axis in tumor 
cells has been shown to be involved in promoting mitosis and 
overcoming chemotherapy‑dependent cell cycle arrest (23). In 
all three RCC cell lines, the decrease in cdk1 and cyclin B was 
related to the inhibitory effect exerted by amygdalin, as proved 
by siRNA knockdown. As well as the cdk1-cyclin B axis, the 
cdk2-cyclin A axis was also distinctly altered in RCC cells. 
Cdk2/cyclin A promotes G1/S-phase transition and has been 
shown to be important to the inhibition of bladder cancer cells 
caused by amygdalin (18). We suggest that the accumulation of 
G0/G1-cells was due to the inhibitory effect which amygdalin 
exerted on cdk2 and cyclin B. However, amygdalin treament 
of the KTC-26 cell line did not result in G0/G1-, but rather 
S-phase, arrest. Conceivably, this is due to the cell cycle inhib-
iting protein p19, which was elevated in Caki-1 and A498 cells 
after amygdalin application, but diminished in KTC-26 cells. 
p19 is involved in G1 checkpoint activity, stopping the entry of 
cells into the S-phase (24). Inhibiting p19 increases the S-phase 
cell fraction (25). Thus, this likely explains why we noted an 

increase in in the G0/G1-phase of Caki-1 and A498 cells, while 
KTC-26 cells accumulated in the S-phase. Hence, we suggest 
that amygdalin-induced alterations to cell cycle regulating 
protein expression are responsible for different effects on cell 
cycle progression in different cell lines.

During RCC tumor genesis and progression, dedif-
ferentiation accompanied by epithelial mesenchymal 
transition (EMT) takes place (26,27). During transition the 
tumor cells lose epithelial  (E)-cadherin and gain neural 
(N)-cadherin (26,28). In all three RCC cell lines used in this 
study, application of amygdalin for 24 h caused a significant 
decrease in N-cadherin expression, which indicates re-differ-
entiation. N-cadherin has previously been associated with 
aggressiveness and malignant potential of RCC (29). Hence, 
we suggest that impairing N-cadherin expression with 24 h of 
amygdalin application results in a less malignant tumor type. 
After 2 weeks of amygdalin exposure, a switch in the mode 
of action of amygdalin became apparent, mainly affecting 
E-cadherin expression. Caki-1 and KTC-26 E-cadherin 
surface expression significantly increased. In various RCC 
cells in vitro epithelial-mesenchymal transition, tumor growth 
and an aggressive phenotype have been shown to be inversely 
linked to a low level of E-cadherin (30,31). Poor prognosis 
and high-grade RCC tumors have been associated with a 
lack of E-cadherin (32). In human RCC tumor tissue, a 3-fold 
decrease of E-cadherin has been observed (33), and it has been 
postulated that E-cadherin expression in RCC is an important 
predictor for disease recurrence (34). Thus, we suggest that 
the amygdalin-induced E-cadherin increase in Caki-1 and 
KTC-26 cells which we noted indicates re-differentiation 
back to a less aggressive phenotype. The observed switch 
from N-cadherin reduction to E-cadherin amplification indi-
cates different modes of amygdalin action. Since N-cadherin 
was no longer diminished in any of the three cell lines after 
2 weeks of amygdalin exposure, and was even enhanced in 
Caki-1 cells, we hypothesize that the ratio between E- and 
N-cadherin expression is crucial for differentiation status. 
Indeed, it has been shown that the effect of N-cadherin 
depends on E-cadherin expression (29).

Figure 6. Surface expression of the differentiation markers E- and N-cadherin on renal cell carcinoma (RCC) cells. (A) Caki-1, (B) KTC-26 and (C) A498 cells 
after 24 h and 2 weeks of amygdalin application. Surface expression is indicated as mean relative fluorescence units [MFU (%)]. Controls were set to 100% 
(dotted line). Bars indicate the means ± standard derivation (SD). *p≤0.05 indicates a significant difference to the control. n=5 experiments.
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In conclusion, amygdalin inhibits cell cycle progression 
and tumor cell growth in RCC cells, at least partially, by 
impairing the expression of cdk1 and cyclin B, thus exerting 
antitumor effects in vitro. Although no necrotic effects have 
been detected in vitro, toxic effects caused by the degradation 
of amygdalin to HCN are possible, and this aspect requires 
evaluation. Further investigation using animals is necessary to 
verify the in vitro effects of amygdalin and to evaluate whether 
HCN causes cytotoxicity in vivo.
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