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Chan-Yu-Bao-Yuan-Tang and S-fluorouracil synergistically
induce apoptosis by means of the caspase-3 signaling
pathway in lung and cervical cancer cells
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Abstract. Previous clinical studies have shown the safety and
efficacy of the traditional Chinese medicinal herbal aqueous
extract Chan-Yu-Bao-Yuan-Tang (CYBYT) for the treatment
of lung and cervical cancer patients. Used in combination
with 5-fluorouracil (5-Fu), CYBYT has been observed to
be particularly effective in cancer treatment. Herein, the
combined anticancer effect and the underlying mechanisms of
5-Fu and CYBYT in the human lung cancer cell line A549
and the human cervical cancer cell line HeLa were investi-
gated in vitro. The MTT assay, Annexin V-FITC staining and
Western blotting were applied to identify cell viability, the
stages of apoptosis and the expression of signaling proteins,
respectively. The results indicated that CYBYT and 5-Fu,
alone or in combination, significantly inhibited proliferation
and induced marked apoptosis in A549 and HeLa cells, but
had no significant inhibitory effects on normal human IMR-90
fibroblasts. The rate of mid and late apoptosis or necrosis
was greater after 5-Fu treatment compared to treatment with
CYBYT or the combination of agents; however, the early apop-
totic rate showed opposite results. CYBYT and 5-Fu, alone or
in combination, up-regulated cleaved caspase-3 expression in
a time-dependent manner, with CYBYT being more effective
than 5-Fu. Taken together, our data show that the pro-apoptotic
activity of the two-drug combination was much stronger than
that of CYBYT or 5-Fu alone; CYBYT combined with 5-Fu
had synergistic effects at lower concentrations and promoted
apoptosis, while the combined treatment also decreased the
cytotoxic side effects of 5-Fu.
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Introduction

Lung cancer is the first and cervical cancer is the third
most common malignancy in women worldwide, and the
two remain the leading causes of cancer-related death for
women in developing countries (1,2). At present, surgery
and chemotherapy are the main therapeutic methods used for
the treatment of cancer; however, existing chemotherapeutic
drugs do not demonstrate ideal curative effects and addition-
ally exhibit numerous undesirable side effects. A combination
of multi-therapeutic methods may effectively improve the
treatment of lung and cervical cancer patients, minimize their
symptoms, reduce the toxicity of conventional chemothera-
peutics and prolong their survival time (3).

For the past 40 years, 5-fluorouracil (5-Fu) has been one of
the most frequently used antitumor agents for the treatment of
cancer, including cervical, lung and gastric tumors. However,
5-Fu treatment has a high incidence of toxicity in bone
marrow, the gastrointestinal tract, the central nervous system
and skin, which has prompted efforts to develop derivatives
aimed at reducing its adverse effects (4,5). The identification
of new anti-cancer drugs with low toxicity and high efficiency
that can be used in combination with existing agents, such as
5-Fu, and serve to optimize their efficacy, may result in the
development of novel therapeutic methods for the treatment of
lung and cervical cancer.

Chan-Yu-Bao-Yuan-Tang (CYBYT), a traditional Chinese
medicinal herbal aqueous extract, has been used for many
years to treat lung and cervical cancer in China. CYBYT has
been demonstrated to inhibit the growth of SPC-A-1 cells by
causing cell cycle arrest at the S phase and inducing apop-
tosis, while having no significant inhibitory effects on normal
human IMR-90 fibroblasts. Moreover, CYBYT was found to
up-regulate Bax and cleave caspase-3 protein expression, down-
regulate Bcl-2 protein expression and release mitochondrial
cytochrome c into the cytosol in a time- and dose-dependent
manner (6). Therefore, CYBYT may be an effective anticancer
drug candidate with low toxicity to normal cells.

In the present study, we evaluated the effects of 5-Fu
combined with CYBYT with regard to their activities against
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lung and cervical cancer in vitro, and investigated the possible
mechanisms involved.

Materials and methods

Chemicals and reagents. 5-Fu was purchased from Shanghai
Xudong Haipu Pharmaceutical Co., Ltd. (Shanghai, China).
RPMI-1640 medium and fetal calf serum (FCS) were obtained
from Gibco BRL (Gaithersburg, MD, USA). The Annexin
V-FITC apoptosis detection kit was purchased from Beckman
Coulter (Fullerton, CA, USA). Sodium 3-(4, 5-dimethylthizol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) and dimethyl
sulfoxide (DMSO) were obtained from Beyotime Institute
of Biotechnology (Haimen, China). Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) reagents
were purchased from Sigma (St. Louis, MO, USA).
The protein standard marker was purchased from Shanghai
Generay Biotech Co., Ltd. (Shanghai, China). Rabbit anti-
human caspase-3 polyclonal antibodies, rabbit anti-human
B-actin polyclonal antibodies and goat anti-rabbit IgG-HRP
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA).

CYBYT preparation. CYBYT was prepared as a lyophilized
dry powder of hot water extracts from eleven species of medical
herbs: Rehmannia root (30 g), radix astragali (60 g), toad
skin (18 g), limax (10 g), raw rhizoma arisaematis (15 g), raw
pinellia tuberifera tenore (15 g), black nightshade herb (30 g),
radix ranunculi ternati (18 g), oldenlandia diffusa (60 g),
bulbus fritillariae thunbergii (30 g) and radix stemonae (30 g).
All herbs were provided by Tong Ren Tang Co., Ltd. (Beijing,
China). The authenticity of the plants was confirmed by Dr
Gang Chen, Experiment Center of TCM, Hubei University of
Chinese Medicine. Each prescription (316 g) was decocted
three times with 1.5 1 of boiling distilled water for 1.5 h. Raw
rhizoma arisaematis and raw pinellia tuberifera tenore were
decocted for 30 min beforehand. The decoction was filtered,
collected, concentrated and lyophilized. The average yield of
CYBYT obtained was 19.5%.

Cell culture. Human lung cancer A549 cells, human cervical
cancer HeLa cells and normal human fibroblast IMR-90
cells were kindly provided by the Shanghai Institute of Cell
Biology, Chinese Academy of Sciences. All cells were main-
tained in RPMI-1640 media supplemented with 10% FCS,
penicillin (100 U/ml) and streptomycin (100 U/ml) at 37°C in
a humidified atmosphere of 5% CO,.

Cell proliferation assay. The effects of CYBYT combined
with 5-Fu or used alone on cell viability and proliferation were
determined using the MTT colorimetric assay. Briefly, cells at
the logarithmic phase of growth were plated into 96-well plates
(5x103 cells/well). After 24 h of incubation, A549, HeLLa and
IMR-90 cells were treated with CYBYT (800, 400, 200, 100,
50, 25 and 12.5 pg/ml) and 5-Fu (64, 32, 16, 8, 4,2 and 1 ug/
ml) for 24 or 48 h, respectively. Subsequently, 20 yl MTT [5
mg/ml in phosphate-buffered saline (PBS)] was added to each
well. After 4 h of incubation, the MTT solution was removed
and replaced with 150 ul of DMSO for 10 min at 37°C, until
the crystals were dissolved. The OD value of each well was
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measured using a Model 680 microplate reader (Bio-Rad,
Hercules, CA, USA) with a test wavelength of 490 nm. The
cell inhibitory rate (A value) was expressed as the following
equation: A = [OD (control) - OD (drug)]/[OD (control) - OD
(blank)] x 100%. The concentration of the test substances
resulting in a cellular cytotoxicity of the cancer cells of 50%
(ICs,) was calculated based on the absorbance values.

Evaluation of the combined effect of the agents. The effect
of the drug combinations was analyzed using the method
of Chou and Talalay (7,8), one of the most commonly used
methods for the evaluation of combination effects by median-
effect analysis. In brief, the two drugs were administered at a
fixed ratio; the dose of the combination required to produce
fractional survival was divided into the component doses
D1 and D2 of the drugs CYBYT and 5-Fu, respectively. The
combination index (CI) was calculated according to the equa-
tion: CI = (D1/Dx1) + (D2/Dx2) + a (D1D2)/(Dx1Dx2), where
Dx1 and Dx2 are the concentrations of the drugs CYBYT and
5-Fu when used individually that produce a surviving frac-
tion of x; and DI and D2 are the individual concentrations
of the drugs CYBYT and 5-Fu in a fixed ratio that produce
a surviving fraction of x: a=1 or 0 depending on whether the
drugs are assumed to be mutually non-exclusive or mutually
exclusive, respectively. Since the sigmoidicity of the dose-
effect curves for CYBYT and 5-Fu is different, =1 in this
study. CI indicates antagonism (CI>1), additivity (CI=1) or
synergism (CI<1). The linear correlation coefficient r was
generated for each curve to determine the applicability of the
data to this method of analysis.

Morphological examination for apoptosis. The cells at
logarithmic growth phase were harvested and seeded on 6-well
plates at 1x10° cells/well. After 24 h of incubation, A549 and
HeLa cells were treated with CYBYT and 5-Fu, alone or in
combination, for 48 h, respectively. Morphological changes in
the cells before and after treatment were observed under an
inverted microscope (Olympus CK-30, Tokyo, Japan).

Quantification of apoptotic cells. Cell apoptosis was assayed
by Annexin V and PI staining and analyzed by flow cytometry.
The individual and combined apoptotic effects of CYBYT and
5-Fu on the A549 and HeLa cells at 48 h were respectively
detected. After 2 ml of 1x10 cells/ml were seeded in each well
of a 6-well plate and incubated for 24 h, all cells in the suspen-
sion and adherent cells were collected. After centrifugation for
5 min at 500 x g at 4°C, the cell samples were washed in ice-
cold PBS. The supernatants were discarded, and the cell pellets
were resuspended in ice-cold diluted binding buffer at 5x10° to
5x10° cells/ml. Annexin V-FITC solution (5 pl) and PI (2.5 ul)
were added to 100 pl of the cell suspension, which was mixed
gently and maintained on ice for 10 min in the dark. Additional
ice-cold 1X binding buffer (400 pl) was added to the prepared
cell samples, which were mixed gently and analyzed by flow
cytometry and with CellQuest software (9).

Western blot analysis. A549 and HeLa cells (2x10° cells/
plate) were exposed to the individual and combined effects
of CYBYT and 5-Fu for 24 or 48 h. Then, all cells in the
suspension and adherent cells were respectively collected,
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Figure 1. (A) Curve of the growth inhibition rate of A549, HeLa and IMR-90 cells after treatment with CYBYT (800, 400, 200, 100, 50, 25 and 12.5 ug/
ml) for 24 or 48 h. Linear regression equations of A549 cells: 24 h: y=8.4004x + 13.624, r=0.9747, ICy, 133.03 pg/ml; 48 h: y=9.3501x + 18.351, r=0.9581,
ICs, 69.24 pg/ml. Linear regression equations of HeLa cells: 24 h: y=8.1783x + 6.9303, r=0.9733, IC;, 253.27 pg/ml; 48 h: y=8.3161x + 13.178, r=0.9562,
ICy, 142.78 pg/ml. (B) Curve of the growth inhibition rate of A549 and HeLa cells after treatment with 5-Fu (64, 32, 16, 8, 4, 2 and 1 ug/ml) for 24 or
48 h. Linear regression equations of A549 cells: 24 h: y=9.1982x + 14.703, r=0.991, IC, 7.35 pg/ml; 48 h: y=10.141x + 22.374,r=0.9923, ICy, 3.45 pg/ml.
Linear regression equations of HeLa cells: 24 h: y=8.6118x - 1.0029, r=0.9978, ICy, 30.76 pg/ml; 48 h: y=8.1354x + 13.351, r=0.9896, IC;, 12.04 ug/ml. (C)
Combined effects of CYBYT and 5-Fu on A549, HeLa and IMR-90 cells treated with CYBYT (400, 200, 100, 50, 25, 12.5 and 6.25 ug/ml), combined with
5-Fu (32, 16, 8,4, 2, 1 and 0.5 pg/ml) at a constant molar ratio 12.5:1 for 24 or 48 h. Linear regression equations of A549 cells: 24 h: y=8.5373x + 17.828,
r=0.9938, IC;, 44.21+3.54 pg/ml; 48 h: y=9.4102x + 26.048, r=0.9781, IC, 19.32+1.55 pg/ml. Linear regression equations of HeLa cells: 24 h: y=9.3994x +
5.3632,1=0.9974, IC;, 87.44+7.00 pg/ml; 48 h: y=8.5728x + 14.357,1=0.9862, ICy, 57.88+4.63 ug/ml. The percentage of cell proliferation was calculated in

comparison to the control, which was considered 100%.

as described above. Aliquots of cell lysates containing 20 ug
of proteins were separated by 12% SDS-polyacrylamide gel
and transferred to PVDF membranes. The membranes were
blocked with TBST buffer containing 5% skimmed milk,
incubated with polyclonal antibodies to caspase-3 (1:500)
or P-actin (1:500) overnight, followed by the addition of
horseradish peroxidase-linked anti-rabbit IgG and ECL
visualization of the bands. The images were analyzed using
the Bio-Rad image detection system (Universal Hood II;
Bio-Rad), and quantitation was performed using Quantity
One software (Bio-Rad).

Statistical analysis. Data are presented as the means + stan-
dard deviations of five independent experiments and analyzed
by one-way ANOVA and paired t-tests. Otherwise, linear
regression and correlation were applied. For all tests, statis-
tical significance was set at the level of P<0.05.

Results

Effects of 5-Fu or CYBYT on the inhibition of cell viability and
the combination index of the two-drug mixture. The inhibition
of proliferation by CYBYT (800, 400, 200, 100, 50, 25 and
12.5 ug/ml) was assessed in A549, HeLa and IMR-90 cells
using the MTT assay, respectively, after 24 or 48 h of CYBYT
exposure following a 24-h culture in drug-free medium. As
shown in Fig. 1A, the growth of the A549 and HeLa cells
was significantly inhibited in a dose- and time-dependent
manner. The ICs, values of CYBYT were 133.03 yg/ml (24 h)
and 69.24 ug/ml (48 h) in the A549 cells, and 253.27 pg/ml
(24 h) and 142.78 pug/ml (48 h) in the HeLa cells. CYBYT or

the combination treatment had little effect on normal human
IMR-90 fibroblasts after 24 or 48 h of treatment, suggesting
that the proliferation inhibitory effects of CYBYT were
relatively potent against lung and cervical cancer cells, but not
against normal cells when compared at the same concentrations.
Additionally, CYBYT combined with 5-Fu maximized the
efficacy and minimized the toxicity of 5-Fu (Fig. 1A and C).

The effect of 5-Fu (64, 32, 16, 8, 4, 2 and 1 pg/ml) on
A549 and HelLa cell viability at 24 or 48 h was also assessed.
Fig. 1B shows that the cell proliferation was effectively inhib-
ited after 24 or 48 h of 5-Fu exposure; a linear correlation
was found between the cell growth inhibition rate and 5-Fu
concentration. For the same concentration of 5-Fu, the cell
growth inhibition rate increased with time, while at the same
time points, the cell growth inhibition rate also increased with
increases in 5-Fu concentration. The ICs, values of 5-Fu on
A549 cells were 7.35 ug/ml (24 h) and 3.45 pug/ml (48 h), and
on HeLa cells, 30.76 ug/ml (24 h) and 12.04 ug/ml (48 h).

To investigate the combined effects of CYBYT (400, 200,
100, 50, 25, 12.5 and 6.25 ug/ml) and 5-Fu (32, 16, 8, 4, 2, 1
and 0.5 pg/ml) on the growth of A549 and HeLa cells, the
cells were exposed for 24 or 48 h to both drugs concurrently
at a fixed molar ratio (CYBYT:5-Fu ratio, 12.5:1). The inhibi-
tory effect on proliferation was also assessed by the MTT
assay. The ICs, values of the combined CYBYT and 5-Fu
treatment on the A549 cells were 44.21+3.54 ug/ml (24 h) and
19.32+1.55 pg/ml (48 h), and for HeLa cells 87.44+7.00 ug/ml
(24 h) and 57.88+4.63 ug/ml (48 h) (Fig. 1C).

The inhibition rates were next analyzed using the method
of Chou and Talalay (7). As shown in Fig. 2, the CI values
were <1 when the fractions affected were <0.619 in A549 cells.
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Figure 2. The combined effects of CYBYT (400, 200, 100, 50, 25, 12.5 and
6.25 pg/ml) and 5-Fu (32, 16, 8,4, 2, 1 and 0.5 pg/ml) at a constant molar
ratio (12.5:1) on A549 and HeLa cells. After a 48-h treatment, the inhibition
of proliferation was determined. The combination index (CI) values were
determined using a previously described method. CI=1 indicates an additive
effect; CI<I indicates a synergistic effect; CI>1 indicates an antagonistic
effect. As shown, the CI values were <1 when the fractions affected were
<0.619 in A549 cells, and <1 when the fractions affected were >0.363 in
HeLa cells.

This indicated that CYBYT and 5-Fu had a synergistic effect
on the inhibition of A549 cell proliferation at lower concen-
trations. The CI values were <1 when the fractions affected
were >0.363 in HeLa cells, indicating that the combination of
CYBYT and 5-Fu had a synergistic inhibitory effect on the
proliferation of HeLa cells at lower concentrations.

Morphological changes of the cells after individual or
combined CYBYT and 5-Fu treatment. In order to examine
whether the individual and combined effects of CYBYT
and 5-Fu on the growth of A549 and HeLa cells were due to
apoptosis, cellular morphological changes characteristic of
apoptosis were observed under an inverted microscope. As
shown in Fig. 3, cell growth was inhibited after treatment with
the drugs, and marked morphological changes were observed,
such as dispersed cells, reduced size, altered proportion of
nucleus to cytoplasm, membrane blebbing and apoptotic
bodies. While the cell membrane was intact, it was shrunken
with dark edges. The endochylema produced transparent
vacuoles, and the cytoplasm presented radial, lobulated and
nail-like protrusions. Buds formed at the membrane, and
apoptotic bodies were shed (10,11). More necrotic cells were
visible after 5-Fu treatment as compared to CYBYT treat-
ment. Treatment with the two drugs combined demonstrated
a more significant effect exemplified by decreased cell size,
larger intercellular space, clearer boundaries, more defined
apoptotic morphology and fewer necrotic cells.

Apoptosis induced by individual or combined CYBYT and
5-Fu treatment. Annexin-V conjugates allow the identifi-
cation of cell surface changes that occur early during the
apoptotic process (12,13). To quantify apoptotic cells after
individual or combined treatment with CYBYT and 5-Fu, a
biparametric cytofluorimetric analysis was performed using
Annexin V-FITC and PI. Annexin V-FITC labels apoptotic
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Figure 3. Morphological changes in A549 and HeLa cells by inverted light
microscopy after treatment with CYBYT and 5-Fu, alone or in combination,
for 48 h (x400). (A) A549 cells. (B) HeLa cells. Arrows indicate: 1, mem-
brane blebbing; 2, apoptotic bodies; 3, necrotic cells. ICs, of 5-Fu: 3.45 ug/
ml (A549) and 12.04 pg/ml (HeLa). IC5, of CYBYT: 69.24 pg/ml (A549) and
14278 pg/ml (HeLa). ICs, of CYBYT + 5-Fu: 19.32+1.55 pg/ml (A549) and
57.88+4.63 pg/ml (HeLa).

cells, while PI labels mid and late apoptotic or necrotic cells.
Representative flow cytometric plots are shown in Fig. 4A
and B; the vertical axis indicates the fluorescence intensity
of Annexin V-FITC and the horizontal axis, the fluorescence
intensity of PI. Accordingly, Annexin V*/PI cells were
considered early apoptotic cells, Annexin V/PI" cells were
considered to be living cells, Annexin V/PI* cells were
mechanically injured cells, and Annexin V*/PI* cells were
mid and late apoptotic or necrotic cells. The cells were clearly
divided into the above four types.

This study showed that CYBYT and 5-Fu, alone or in
combination, inhibited cell proliferation by inducing A549
and HeLa cell apoptosis. Compared to the untreated control,
the proportion of the total and early apoptotic rates increased
in the A549 and HeLa cells when treated with CYBYT or
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Figure 4. (A) Apoptosis of A549 cells detected by flow cytometry after
treatment with CYBYT and 5-Fu, alone or in combination, for 48 h. (B)
Apoptosis of HeLa cells detected by flow cytometry after treatment with
CYBYT and 5-Fu, alone or in combination, for 48 h. (C) Graphs showing
the individual or combined effects of CYBYT and 5-Fu on the apoptotic rate
of A549 and HeLa cells detected by Annexin V-FITC/PI double-staining. a,
early apoptotic cells; b, mid and late apoptotic or necrotic cells; a + b, total
apoptotic cells. Data are expressed as the mean + SD, n=5. "P<0.01, *"P<0.05
compared to the control; $P<0.01 compared to 5-Fu treatment; “P<0.01,
22P<0.05 compared to CYBYT treatment.

5-Fu or a combination of the agents. The effects of combined
treatment on total apoptosis were stronger than those of
CYBYT or 5-Fu treatment alone. Furthermore, the rate of mid
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and late apoptosis or necrosis was greater after 5-Fu treatment
than after CYBYT or combined treatment, while the early
apoptotic rate demonstrated opposite results in both cell lines
(Tables I and II and Fig. 4).

Western blot detection of the activation of caspase-3. To gain
insight into the molecular mechanisms of the induction of
apoptosis by CYBYT and 5-Fu, alone or in combination, in
the A549 or HeLa cells, caspase-3 protein, a critical execu-
tioner of apoptosis, was assessed in the cells by Western
blotting. Tables IIT and I'V and Fig. 5 show that after individual
or combined CYBYT and 5-Fu treatment for 24 or 48 h, the
density of the bands of pro-caspase-3 (the uncleaved precur-
sors of caspase-3) decreased and levels of cleaved caspase-3
increased. The ratios of the densitometric measurements of
the cleaved/uncleaved caspase-3 and cleaved caspase-3/B-actin
gradually increased in a time-dependent manner, indicating
that pro-caspase-3 was hydrolyzed and activated with time.
The ratio between cleaved and uncleaved caspase-3
protein expression levels after CYBYT treatment alone
was 0.0537+0.0030 (24 h) and 0.6693+0.0182 (48 h) in the
A549 cells; both were higher than those of the 5-Fu group.
Nevertheless, the combined effect was stronger than that
of CYBYT or 5-Fu alone in A549 cells. Under the same
conditions, the ratio of cleaved to uncleaved caspase-3
protein expression levels after CYBYT treatment alone was
0.0161+£0.0099 (24 h) and 0.1068+0.0045 (48 h) in the HeLa
cells, which were also higher than those after 5-Fu treatment,
while the combined effect was stronger than that of CYBYT
or 5-Fu alone in HeLa cells. Furthermore, a time-dependent
shift in the ratio of cleaved/uncleaved caspase-3 and cleaved
caspase-3/f3-actin was observed after CYBYT and 5-Fu treat-
ment, alone or in combination. Moreover, a similar tendency in
the ratios between cleaved caspase-3 and 3-actin was observed
after CYBYT and 5-Fu treatment, alone or in combination,
under the same treatment conditions and in the same cells.

Discussion

We previously reported that CYBYT and 5-Fu both induced
apoptosis in human adenocarcinoma cells (6), while the toxic
side effect of 5-Fu is an important influencing factor in the
treatment of cancer (4). The popularity of traditional herbal
medicine used as a complementary or alternative medicine
is increasing. Recent evidence also suggests that Chinese
medicine alone or combined with chemotherapy reduces toxic
side effects, improves the inhibition of chemotherapy, reduces
metastasis, and enhances the quality of life and prolongs the
lifespan of patients (15).

In the present study, we found that CYBYT and 5-Fu,
alone or in combination, effectively inhibited cell prolifera-
tion and growth in A549 and HeLa cells in a time-dependent
manner, but did not exhibit significant toxic effects in IMR-90
cells, suggesting that CYBYT has selective cytotoxic effects
on cancer cells. This selectivity of CYBYT or the combination
treatment towards cancer cells may be related to differences
in the genomic stability of cancer and normal cells (14). These
results suggest that CYBYT warrants evaluation as a novel
therapeutic agent with few side effects for the medical treat-
ment of lung and cervical cancer.
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Table I. Effects of each experimental treatment on the apoptotic rate of A549 cells detected by Annexin V-FITC/PI double-
staining (mean + SD, n=5).

Quad % gated (48 h)
Treatment a (early apoptotic cells) b (mid and late apoptotic or necrotic cells) (a + b) (total apoptotic cells)
Control 1.92+1.02 2.41+0.93 4.33+1.86
5-Fu 22.34+3.042 32.48+2.65° 54.82+5.08%
CYBYT 33.64+2.3220 11.86+2.19*> 45.50+4.06%
CYBYT + 5-Fu 42.06£3.342b¢ 14.93+2 843> 56.99+5 42a¢

#P<0.01 compared to the control; ®P<0.01 compared to 5-Fu; P<0.05 compared to CYBYT.

Table II. Effects of each experimental treatment on the apoptotic rate of HeLa cells detected by Annexin V-FITC/PI double-
staining (mean + SD, n=5).

Quad % gated (48 h)
Treatment a (early apoptotic cells) b (mid and late apoptotic or necrotic cells) (a + b) (total apoptotic cells)
Control 1.52+1.11 1.86+0.58 3.38+1.36
5-Fu 12.39+2.742 22.14+3.502 34.52+3.79*
CYBYT 32.19£2.713¢ 6.45+1.94b¢ 38.64+4.26%
CYBYT + 5-Fu 32.63£2.922¢ 18.38+1.7724 51.02+2 .982c4

iP<0.01, "P<0.05 compared to the control; ‘P<0.01 compared to 5-Fu; P<0.01 compared to CYBYT.

Table III. Expression of caspase-3-activated fragments in A549 cells detected by Western blotting (mean + SD, n=5).

A549 (24 h) A549 (48 h)
Treatment Cleaved/pro-caspase-3  Cleaved caspase-3/f-actin ~ Cleaved/pro-caspase-3  Cleaved caspase-3/f3-actin
Control 0.0192+0.0045 0.0064+0.0016 0.1007+0.0417 0.0538+0.0246
5-Fu 0.0203+0.0038 0.0117+0.0021° 0.4758+0.0085%¢ 0.3049+0.01232¢
CYBYT 0.0537+0.00302¢ 0.0180+0.00112¢ 0.6693+0.0182a<< 0.6119+0.0326%¢¢
CYBYT+5-Fu 0.0957+0.00502<4 0.0191+0.00072¢ 1.3533+0.0366%¢4¢ 0.6405+0.0291a<<

Comparisons conducted after the same time periods and at different concentrations: “P<0.01, "P<0.05 compared to the control; “P<0.01
compared to 5-Fu; “P<0.01 compared to CYBYT. Comparison at the same concentration after different time periods: compared to the 24-h
treatment, °P<0.01. B-actin was used as a control.

Table I'V. Expression of caspase-3-activated fragments in HeLa cells detected by Western blotting (mean + SD, n=5).

HeLa (24 h) HeLa (48 h)
Treatment Cleaved/pro-caspase-3  Cleaved caspase-3/f-actin  Cleaved/pro-caspase-3  Cleaved caspase-3/p-actin
Control 0.0048+0.0049 0.0012+0.0013 0.0075+0.0055 0.0070+0.0052
5-Fu 0.0160+0.0083 0.0030+0.0016 0.0889+0.002421 0.0650+0.0018¢
CYBYT 0.0161+£0.0099 0.0070+0.0041 0.1068+0.0045+ 0.0754+0.00442<f
CYBYT + 5-Fu 0.1480+0.0177204 0.0775+0.00732b4 0.1495+0.0090204 0.0856+0.00192°<

Comparisons conducted after the same time periods and at different concentrations: *P<0.01 compared to the control; "P<0.01, °P<0.05 com-
pared to 5-Fu; “P<0.01, °P<0.05 compared to CYBYT. Comparison at the same concentration after different time periods: compared to the 24-h
treatment, 'P<0.01. f-actin was used as a control.
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Figure 5. (A) Expression level of cleaved caspase-3 proteins in A549 cells detected by Western blotting after exposure to CYBYT and 5-Fu, alone or in
combination, for 24 or 48 h. (B) Expression level of cleaved caspase-3 proteins in HeLa cells detected by Western blotting after exposure to CYBYT and 5-Fu,
alone or in combination, for 24 or 48 h. Lane 1, control; lane 2, 5-Fu treatment; lane 3, CYBYT treatment; lane 4, CYBYT + 5-Fu treatment. (C) The protein
expression levels of caspase-3-activated fragments were detected in A549 and HeLa cells by Western blotting. 3-actin was used as a control in all histograms.
Data are expressed as the mean = SD, n=5. Comparisons conducted after the same time periods at different concentrations: "P<0.01, “P<0.05 compared to
the control; $P<0.01, ¥*P<0.05 compared to 5-Fu; “P<0.01, »P<0.05 compared to CYBYT. Comparison at the same concentration after different time periods:

$P<0.01 compared to the 24-h treatment. 3-actin served as the control.

We also evaluated the drug-drug interaction between
CYBYT and 5-Fu using the CI method. Our findings strongly
suggest that a combination therapy using CYBYT and 5-Fu
may achieve a synergistic effect on lung and cervical cancer.
The results obtained were identical to those of previous
studies (16,17), which revealed that relatively high concentra-
tions of 5-Fu were required to achieve significant cytotoxic
effects against A549 and HeLa cells. These studies evaluated
the inhibitory effect of a single herb or its extract on cancer.
However, in this study CYBYT was prepared by boiling
multiple herbs at a high-temperature, which may create a
chemical process to generate more therapeutically effective
supermolecular structures. Thus, the CYBYT more closely
represented the combinations of herbs used in traditional
Chinese medicine and better reflected the actual treatments

used in the clinic for individualized therapies, compared to
single herbs. The combination of CYBYT and 5-Fu in this
study had a synergistic inhibitory effect on the proliferation
of A549 or HelLa cells at greatly reduced concentrations, and
the two drugs combined also resulted in fewer necrotic cells
compared to the 5-Fu treatment alone. Thus, it is conceivable
that CYBYT controls and minimizes the side effects of 5-Fu.

CYBYT and 5-Fu, alone or in combination, significantly
increased the protein level of cleaved caspase-3, and hydro-
lyzed and activated pro-caspase-3 in a time-dependent
manner. It was further confirmed that 5-Fu induced minimum
early apoptosis and caspase-3 activation, while the apoptotic
pathway induced by 5-Fu was consistent with that of previous
studies (16,18). Furthermore, the hydrolysis and activation
rate for the combination treatment was superior to that of
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the individual treatments. The results of Western blotting for
the treatments were consistent with the early apoptosis rate,
suggesting that cleaved caspase-3 is a marker of early apop-
tosis appearing mostly in early apoptotic cells.

In conclusion, 5-Fu and CYBYT combination treatment
suppresses the growth of lung or cervical cancer cells by a
synergistic effect with the induction of apoptosis. This in
vitro synergistic effect supports the clinical application of a
combination chemotherapy protocol to patients with lung or
cervical cancer.
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