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a b s t r a c t
10-(2-Pyrazolyl-ethoxy)-(20S)-camptothecin (CPT13) is a novel semi-synthetic analogue
of camptothecin, our previous report had shown that it possessed higher in vitro cytoxicity activity towards human colon cancer HCT8 cell line than topotecan. In this study,
the anti-proliferative effect of CPT13 on HCT8 cell line in vitro was analyzed. In order
to further explore the underlying mechanism of cell growth inhibition of CPT13 towards
HCT8 cell line, the cell cycle distribution, apoptosis proportion, the nuclei morphological
changes and caspase-8 and caspase-3 activities were measured. Additionally the changes
of mitochondrial morphology and membrane potential ( m) were analyzed by atomic
force microscopy (AFM) and ﬂow cytometry, respectively. The results showed that CPT13
inhibited HCT8 cell growth by causing cell cycle arrest at G2 /M transition and induced
apoptosis, as evidenced by the typical apoptotic morphology such as condensation and
fragmentation of nuclei and formation of apoptotic bodies. The changes of mitochondrial
morphology, dose-dependently decrease in  m and the enhancement of caspase-8 and
caspase-3 activities were observed in different concentrations of drug treatment group. Our
results suggest that CPT13 induces apoptosis by alternations of mitochondrial transmembrane depolarization, activation of caspase-8 and caspase-3. Therefore, CPT13 appears to
be a potent drug against human colon cancer via induction of apoptosis and may be used
as an alternative drug to therapy cancer.
© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Camptothecin (CPT) is an alkaloid originally isolated
from a native Chinese tree Camptotheca acuminate [1]. In
the past several decades, CPT and its analogues, as a promising new class of anticancer drugs, have advanced to the
forefront of several areas of therapeutic and developmental chemotherapy [2–4]. Interest for its clinic application as
an anticancer agent declined due to its severe side effect,
extremely poor water solubility and rapid inactivation
through lactone ring hydrolysis at physiological pH. These
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problems prompted the synthesis of many CPT derivatives,
such as topotecan and irinotecan that have been approved
for marketing as clinical anti-tumor agents [5,6]. More
analogues are in various stages of clinical trials. It was
reported that the designed camptothecin analogues would
possess two criteria: improved water solubility; increased
cytotoxicity. Recently, we have reported a new synthetic
methodology to transform 10-hydroxy-camptothecin to
camptothecin quaternary salts, which placed the several
water-solubilizing groups in the 10-position of CPT. These
salts showed good water solubility and different in vitro
cytotoxicities [7]. In order to establish generality of this
method, we also carried out this transformation with
other heterocyclic aromatic compounds, and a series of
camptothecin derivatives were prepared and preliminary
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anti-tumor activity were evaluated, among them, 10-(2pyrazolyl-ethoxy)-(20S)-camptothecin (CPT13) exhibited
good anti-tumor activity in vitro, especially cytotoxicity
towards human colon cancer HCT8 cell line was higher
than that of topotecan [8]. The anti-proliferative activity and the mechanism of action of CPT13 against human
colon cancer HCT8 cell line were not reported in previous
study.
In the present study, anti-proliferative activity of CPT13
on HCT8 cell line was analyzed by MTT method. Moreover, the mechanism of action of CPT13 on HCT8 cell
line was investigated by ﬂow cytometry and atomic force
microscopy (AFM).
2. Materials and methods
2.1. Chemicals and reagents
The compound CPT13 was synthesized as described previously [8], and the structure is shown in Fig. 1. The purity
of this compound was assayed by HPLC, and the purity
was 98.8%. 5-Diphenyltetrazolium bromide (MTT), Acridine
Orange (AO), rhodamine123 (Rh123) were purchased from
Sigma–Aldrich Inc. (St. Louis, MO).
2.2. Cell culture
The human colon cancer cell line HCT8 was obtained
from Academy of Medicinal Sciences (China) and maintained in the RPMI-1640 (Hyclone, Logan, Utah, USA) with
10% fetal bovine serum (FBS, Tianjin Biotechnology Co. Ltd.,
China), 100 g/ml streptomycin and 100 unit/ml penicillin
at 37 ◦ C in a 5% CO2 atmosphere.
2.3. Cell proliferation assay
Cell proliferation was measured using MTT assay. HCT8
cells in exponentially growth phase were cultured at a density of 1 × 106 cells/ml in a 96-well plate. After treatment
with 0.008–25 M CPT13 for 24, 48 and 72 h, MTT solution (5.0 mg/ml in phosphate-buffered saline) was added
(10.0 l/well), and the plates were incubated for another
4 h at 37 ◦ C. The purple formazan crystals were dissolved
in 100.0 l DMSO per well. After 10 min, the plates were
read on microplate reader (American Bio-Tek) at 570 nm.
The cells without drugs were used as control. The survival

of the cells was expressed as percentage of untreated control wells. Assays were performed on three independent
experiments.
2.4. Flow cytometric analysis of cell cycle and apoptosis
Brieﬂy, 1 × 106 cells/ml HCT8 cells were seeded in
six-well plate and left for 24 h in incubator to resume
exponential growth. Cells were exposed to drugs and incubated for 48 h. Then the cells were harvested and washed
with PBS. After suspension in 800 l PBS, 200 l CyStain
(Partec GmbH, Germany) was added for cell cycle experiments. The extent of apoptosis was measured through
annexinV-FITC apoptosis detection kit (Beyotime Institute
of Biotechnology, China) as described by the manufacture’s
instruction. After cells were exposed to drugs for 48 h, then
they were collected and washed with PBS twice, gently
resuspended in annexin-V binding buffer and incubated
with annexinV-FITC/PI in dark for 15 min and analyzed
by ﬂow cytometry using cell quest software (BD Biosciences, USA). The fraction of cell population in different
quadrants was analyzed using quadrant statistics. Cells in
the lower left quadrant represented survivals, lower right
quadrant represented apoptosis and in the upper right
quadrant represented necrosis or post-apoptotic necrosis.
2.5. Morphological observation of nuclear change
HCT8 cells (1 × 106 cells/ml) were seeded in 96-well
plates and treated with 0.2 M CPT13 for 48 h at 37 ◦ C.
Cells were collected, washed, ﬁxed in 4% paraformaldehyde for 30 min and stained with 100 g/ml AO for 5 min
at room temperature, the apoptotic cells were visualized
using inverted ﬂuorescence microscope (Nikon TE2000,
Tokyo, Japan).
2.6. The changes of mitochondrial membrane potential
( m)
The changes in  m were estimated using the ﬂuorescent cationic dye rhodamine123 (Rh123) [9], which
accumulates in mitochondria as a direct function of the
membrane potential and is released upon membrane depolarization [10]. Brieﬂy, 1 × 106 cells/ml HCT8 cells were
plated in a 6-well plate, exposed to different concentrations of CPT13 for 48 h, washed and ﬁnally harvested in
chilled PBS containing Rh123. The samples were incubated at 37 ◦ C for 30 min in dark, cells were then washed
twice with PBS and analyzed immediately by ﬂow cytometry.
2.7. Evaluation of morphological changes of
mitochondria by atomic force microscopy (AFM)

Fig. 1. Chemical structure of CPT13.

Mitochondria were isolated from the HCT8 cells by
mechanical lysis and differential centrifugation. Brieﬂy,
cells were washed with cold PBS at 4 ◦ C and centrifuged at
600 × g/min. The pellet was resuspended in cold isolation
buffer, and the cells were disrupted by homogenization.
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Fig. 2. Inﬂuence of CPT13 on proliferation of HCT8 cell line. HCT8 cells were treated with CPT13 for 24, 48 and 72 h at the indicated concentrations, and
viability was measured by MTT assay. The values for each CPT13 concentration tested represent the average (mean ± S.D.) from eight replicate wells and
are representative of three separate experiments.

Nonlysed cells and nuclei were spun down by centrifugation at 1000 × g/min for 10 min. The supernatant was
further centrifugated at 3500 × g/min for 10 min. The
pellet, designated as the mitochondrial fraction, was suspended in deionized distilled water and dropped on fresh
mica surface, then air-dried for AFM imaging. Imaging
was performed with a commercial AFM system (Picoplus,
Molecular Imaging, Tempe, USA).

vested and washed once with PBS. After the HCT8 cells were
lysed, reaction buffer was added to the HCT8 cells followed
by the additional 5 l of caspase-8 or caspase-3 colorimetric substrate (DEVD-pNA) and incubated in a 96-well plate
for 4 h at 37 ◦ C in a CO2 incubator. The plate was then read
with a microplate reader at 405 nm. Activities of caspase-8
and caspase-3 were expressed relative to the optical density
value (OD).

2.8. Measurement of caspase-8 and caspase-3 activities

2.9. Statistical analysis

The activation of caspase-8 and caspase-3 were determined with the colorimetric kit (Nanjing kaiji Bio-Tek
Corporation, China). HCT8 cells (1 × 106 cells/ml) were har-

Results are expressed as mean ± S.D., The statistical
evaluation of the results was performed by Student’s t-test.
Signiﬁcance was established at p < 0.05.

Fig. 3. Effect of CPT13 on the cell cycle distribution of HCT8 cells. (A) Flow cytometric analysis of HCT8 cell cycle distribution. The x-axis represents
ﬂuorescent intensity on a logarithmic scale, whereas the y-axis represents the number of events. (a) Control; (b) treatment with 0.008 M CPT13; (c)
treatment with 0.04 M CPT13; (d) treatment with 0.2 M CPT13. (B) The results were analyzed by Mod Fit LT 3.0. Data are presented as mean ± S.D. (n = 3).
**p < 0.01, *p < 0.05; p value compared with the control group (0 M).
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3. Results

3.2. Flow cytometric analysis of HCT8 cell cycle
distribution and apoptosis

3.1. Anti-proliferative activity of CPT13
The growth of the HCT8 cells in the presence of various concentrations of CPT13 was examined. As shown in
Fig. 2, under the experimental conditions (24, 48 and 72 h),
CPT13 decreased HCT8 viable cell number in a time- and
concentration-dependent manner (with increasing concentrations from 0.008 to 25 M). HCT8 cells treated with
5 and 25 M CPT13 for 72 h induced 81.6% and 90.3% reductions in cell number, respectively.

The cell cycle distribution was analyzed by Multicycle
software to investigate the effects of CPT13 on the cell cycle,
as shown in Fig. 3, HCT8 cells were treated with different
concentrations of CPT13 for 48 h. An accumulation of HCT8
cells in the G2 /M phases (from 9.31 ± 1.17% to 74.42 ± 2.98%)
was observed. Compared to the untreated group, a signiﬁcant increase in percentage of cells in G2 /M phase
was found after the cells treated with CPT13 at 0.2 M
(p < 0.01) (Fig. 3d). The apoptosis results showed that the

Fig. 4. Apoptotic population of HCT8 cells. (A) Flow cytometric analysis of CPT13-induced apoptosis in HCT8 cells using annexinV-FITC/PI. (a) Control; (b)
treatment with 0.008 M CPT13; (c) treatment with 0.04 M CPT13; (d) treatment with 0.2 M CPT13. Quadrants: Q3: live cells; Q4: apoptotic cells; Q2:
necrotic cells. (B) Columns, mean of three experiments, data are presented as mean ± S.D. **p < 0.01, *p < 0.05; p value compared with the control group
(0 M).
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Fig. 5. Morphological observation of HCT8 cells treated with 0.2 M CPT13 for 48 h under inverted ﬂuorescent microscope. Cells undergoing apoptosis and
nuclear fragmentation are indicated by arrows. (a) Untreated cells; (b) treated with CPT13.

mean apoptotic population of normal HCT8 cells was
2.57 ± 1.12%, however, the apoptotic population increased
to 34.54 ± 3.38% after the cells treatment with 0.2 M
CPT13 for 48 h (Fig. 4). At the same time, the proportion of
the cells in G2 /M phase increased obviously. Therefore, the
anti-proliferative effect of CPT13 and cell apoptosis induction may be related to the accumulation of the cells in G2 /M
phase.
3.3. Chromatin condensation and nuclear morphology
changes
AO staining showed that there were signiﬁcant morphological changes in the nuclear chromatin. In the untreated
group, the nuclei were stained a less bright green and
the color was homogeneous (Fig. 5a). After treating with
0.2 M CPT13 for 48 h, the yellow-green emission light
in apoptotic cells was much bright than the control cells.
Nuclear of crescent-shaped or even strip-shaped debris and
condensed chromatin could also be found in many treated
cells, and some of them formed the structure of apoptotic
bodies, which is one of the classic characteristics of apoptotic cells (Fig. 5b).

3.5. Analysis of atomic force microscopy (AFM) images
To assess the apoptosis effect induced by CPT13 in
HCT8 cells, the morphological changes of mitochondria
were observed by AFM. As can be seen from Fig. 7,
after the cells treated with 0.2 M CPT13 for 48 h,
the surface of mitochondrial membranes changed distinctly compared to those untreated cells. The surface
of CPT13 group became rougher than that of untreated
group. The surface of normal mitochondria was smooth
and integrity (Fig. 7a and b), after exposured to CPT13,
some debris could be observed around the apical end
of the mitochondrial membrane and the outer membrane collapsed, inner membrane dividing a mitochondrion
into several compartments (Fig. 7c and d). It is postulated that the debris originates from the residual
cristae.

3.4. Loss of mitochondrial membrane potential of HCT8
cells induced by CPT13
To evaluate the role of mitochondria in CPT13-induced
apoptosis, we investigated its ability to induce alterations
in  m. Control HCT8 cells elicited maximal Rh123 ﬂuorescence reﬂecting intact, functional mitochondria. Various
concentrations of CPT13 treatment results in rapid dosedependent dissipation of  m as detected by consequent
decrease in mean ﬂuorescence. Signiﬁcant decrease in
 m starts at 0.04 M CPT13 (p < 0.05). These data showed
that CPT13 induces apoptosis accompanied by the alterations in the mitochondrial membrane potential (Fig. 6).

Fig. 6. The changes of the mitochondrial membrane potential of HCT8
cells induced by CPT13. Results are mean ± S.D. of three independent
experiments.
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Fig. 7. AFM images of mitochondrion of HCT8. (a and b) Untreated with CPT13; (c and d) treated with 0.2 M CPT13 for 48 h.

3.6. Effect of CPT13 on caspase-8 and caspase-3 activities
The changes of caspase-8 and caspase-3 activities in
HCT8 cells treated with CPT13 were detected by colorimetric systemic assays. The dose-dependent elevation of
caspase-8 and caspase-3 activities was observed in drug
treatment group. The most obvious changes were observed
in the cells treated with 0.2 M CPT13 for 48 h, the OD
values were reached to 0.235 ± 0.021 and 0.214 ± 0.017,
respectively, it was signiﬁcant in comparison to the control
group (p < 0.01, see Fig. 8).
4. Discussion
Colonic cancer is one of the most common malignant
tumors in some areas of the world. Despite many advances

in the ﬁeld of cancer therapeutics, colonic cancer continues to be a main cause of death, which is in part due to
the failure of chemotherapy [11]. Therefore, searching for
new anti-tumor and other medical substances and studying
their medical value have become a matter of great signiﬁcance. Anticancer drug are usually designed as having low
side effects and target-speciﬁc anti-proliferative activity to
the cancer cells [12], keeping this in mind we investigated
the anti-proliferative activity of CPT13 against HCT8 cells,
as a result, CPT13 exhibited good anti-proliferative activity
against HCT8 cell line.
Induction of cell apoptosis is a useful approach in cancer therapies [13,14]. Apoptosis is a physiological process
that functions as an essential mechanism of tissue homeostasis and is regarded as the preferred way to eliminate
unwanted cells [15,16]. Cancer is caused by the disruption
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may cleave cytoskeletal and nuclear proteins, disrupt mitochondrial function and ﬁnally induce apoptosis.
5. Conclusions

Fig. 8. Effect of CPT13 on caspase-8 and caspase-3 activities. Data are presented as mean ± S.D. (n = 3). **p < 0.01, *p < 0.05, p value compared with
the control group (0 M).

of cellular homeostasis between cell death and cell proliferation, so that compounds which can induce apoptosis are
considered to have potential as anticancer agents [17,18].
Apoptosis is characterized by a series of stereotypic morphological changes such as formation of apoptotic bodies,
nuclear and cytoplasmic condensation, chromatin fragmentation, shrinkage of cells and bleb formation. Apoptotic
is linked to cell cycle arrest. The cell cycle is a complex
process by which cells receive different growth controlling signals that are integrated and processed at various
points known as checkpoints [19]. The cell growth is controlled when cells are not allowed to proceed further at
these checkpoints, and defects in normal regulation lead to
excessive proliferation of genetically damaged cells, which
eventually results in the formation of cancerous lesions.
Blockade of the cell cycle is regarded as an effective strategy in the development of cancer therapies [20,21]. Our
data showed that CPT13 can induce apoptosis in HCT8 cells,
which is related to the accumulation of the G2 /M phase
cells.
Mitochondria play a central role in the regulation of
apoptotic signaling [22,23]. Disruption of the mitochondrial membrane potential is one of the earliest intracellular
events that occur following induction of apoptosis [24].
Since the  m decrease was concentration dependent in
the HCT8 cells treated with CPT13, we presumed that  m
decrease may be one of the main pathways in apoptotic
process of CPT13 induced cell death. Due to mitochondrial outer membrane changes are important features of
cell apoptosis [25]. Imaging of the outer contours of the
mitochondrial membrane was analyzed using atomic force
microscopy, which was ﬁrst applied for analysing mitochondrial morphological changes. The AFM results support
a role of mitochondria pathway in apoptosis induced by
CPT13.
Caspases, the cytoplasmic aspartate-speciﬁc cysteine
proteases, play an important role in apoptosis [26,27]. It
is demonstrated that caspases can disrupt mitochondrial
function during apoptosis [28], therefore caspase-8 and
caspase-3 activities were detected by caspases colorimetric
assay. The study shows that CPT13 can activate caspase-8,
and then caspase-8 can activate caspase-3, which in turn

Our current study demonstrates that CPT13, a camptothecin analog, promoted cell apoptosis and inhibited cell
growth in human colonic cancer cell line HCT8. Like camptothecin [29], CPT13-induced cell apoptosis and growth
inhibition may involve cell cycle arrest and the activation
of mitochondrial apoptotic pathway. CPT13 might produce
these effects through numerous mechanisms at different
levels. Although many details of the effects of CPT13 are
still poorly understood, the in vitro ﬁndings in the present
study offer a signiﬁcant groundwork for future essential in
vitro and in vivo study and clinical application.
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