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In this study, anti-proliferative and apoptotic effects of paclitaxel, which is itself an anti-
chemotherapeutic agent, to FM3A cell line originated from Mouse mammary carcinoma at 7 different 
doses were examined. Seven different doses of paclitaxel (P1 = 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 
nM, P5 = 60 nM, P6 = 120 nM, P7 = 240 nM) were administered to cells for 24 and 48 h. Growth rate 
measurements showed that living cell number decreased and number of dead cells increased (p<0.05). 
Acquired growing rates were supported by mitochondrial dehydrogenase enzyme activity. Loss of 
volume, protrusions at plasma mebrane (bleb formations), nuclear condensations and fragmentations, 
and apoptotic body formations were observed in cells whose morphologic criteria were examined by 
phase contrast and fluorescent microscope. According to apoptotic index rates determined by DAPI, 
most intense apoptotic cell formations were observed for P2 dose, which is accepted as critical for this 
cell line. DNA fragmentations were shown by agarose gel electrophoresis method. Acquired deductions 
showed that of the seven different doses of paclitaxel, P2 (7.5 nM) was the best dose to induce 
apoptosis in FM3A cells for 24 and 48 h. 
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INTRODUCTION 
 
Antimicrotubule agents have for many years been impor-
tant anticancer agents, contributing significantly to the 
potentially curative treatment of diseases. Paclitaxel 
(PAC), extracted as early as the late 1960s from the bark 
of the Pacific Yew Taxus brevifolia, is the first compound 
with a taxene ring shown to possess antitumor activity 
(Moos and Fitzpatrick, 1998). Previous studies performed 
over the past 15 years have demonstrated that all the 
agents currently utilized to treat cancer can induce 
apoptosis in susceptible cell types in vitro and in vivo (Hu 
and Kavanagh, 2003). Understanding and evaluating the 
contribution of different forms of cell death to cancer 
development and treatment requires consideration of 
their individual mechanism of action and their genetic 
determinants. Killing malignant cells is the number  one 
goal of almost all forms of cancer therapy in use today. In  
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the era of modern cancer therapy, researchers have 
developed innumerable ways to kill cancerous cells by 
triggering apoptosis, a genetically programmed form of 
cell suicide (Kim et al., 2002; Lockshin and Zakeri, 2004; 
Yi-ting et al., 2008).  

For the purpose here, we discuss each of these anti-
proliferative and apoptotic effects of PAC to FM3A cell 
line originated from Mouse mammary carcinoma at 7 
different doses is examined. In this study, anti-prolife-
rative and apoptotic effects of seven different doses of 
PAC which were applied for 24 and 48 h were investi-
gated on FM3A cell lines. For this investigation, 
parameter of proliferation speed which shows PAC’s anti-
proliferative effects were determined with hemocytometer 
by counting living and dead cells. In addition, mitochon-
drial dehydrogenase enzyme activity of cells by WST-1 
colorimetric assay kit of all experiment groups were 
detected to show surviving cells. In our experiments, we 
also used molecular biology methods and morphological 
imaging methods with apoptotic index (AI) parameters to 
assess PAC-induced apoptosis. 
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MATERIALS AND METHODS 
 
Cell culture 
 
Tumor cell line used in our experiments was FM3A cells that was 
taken from mouse mammary cells. Cells were cultured in RPMI-
1640 (Roswell Park Memorial Institute 1640, Sigma) containing 
10% fetal bovine serum (FBS, Gibco Lab.) at 37°C in a humidified 
atmosphere of 5% CO2 in air. Cells were washed with Hank’s 
balanced salt solution (HBSS) and then centrifuged at 1500 rpm for 
3 min. Supernatant was discarded and pellet was diluted with 
RPMI. Cells were seeded 30.000 cells/well in 96 well plates. After 
these, the cells were incubated at 37°C for 24 h. 
 
 
Drug treatments 
 
100 mg/16.6 ml PAC (Ebetaxel®, EBEWE Pharma., Unterach-
Austuria) were dissolved in RPMI as a 1 mg/ml stock solution 
supplemented with 10% FBS. The pH of the drug solution was 
adjusted to 7.4 with NaHCO3. The experiments were tested by 
using P1 = 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 
nM, P6 = 120 nM, P7 = 240 nM, doses were treated to FM3A cells 
in the time periods of 24 and 48 h.  
 
 
Chemical 
 
PAC consists of an eight-member taxane ring with a four-member 
oxetane ring and a bulky ester side chain at C-13 that is necessary 
for antitumor activity (Figure 1). The chemical formula of PAC is 
C47H51NO14 and its molecular weight is 853.9 (Mastropaolo et al., 
1995).  
 
 
Hemocytometer assay 
 
The growth rate of FM3A cells was determined with in 24 and 48 h. 
After these periods, the cells were selected in each well with 0.25 % 
trypsine. Both control and treatment groups were counted on hemo-
cytometer with trypan blue under light microscope. Then growth 
rate was evaluated by counting viable and dead cells from each 
well. 
 
 
WST-1 colorimetric assay 
 
The effects of chemotherapeutic agents on the growth rates of 
FM3A cells were evaluated with the WST-1 assay kit (Premix WST-
1, Takara, cat no: MK400). The WST-1 assay was applied to 
identify cytotoxicity that was formed by drug for 24 and 48 h. 
Therefore, WST-1 reagent; 4 h later, the 96 well plates were read 
on a Mquant Microelisa reader, using a test wavelength of 570 nm, 
a reference wavelength of 630 nm.  
 
 
Apoptosis assay 
 
For the determination of the AI, cells were fixed under methanol 
and stained with 4’-6-diamidine-2 phenylindole (DAPI). Following 
extensive washing in phosphate-buffered saline (PBS), slides were 
scored in double-blind under the fluorescence microscope. The AI 
represents the percentage of fragmented nuclei and was 
determined on a microscopic field of at least 100 area/each 
experimental points by the same scorer. 
 
 
DNA fragmentations 
 
Total DNA isolation was isolated from FM3A cells  described  in  the  

 
 
 
 

 
 
Figure 1. Chemical structure of PAC. 
 
 
 
protocol of manufacturer (Apopladder ExTM Kit, Takara, Cat. No. 
MK600). The DNA concentration of samples was measured with 
visible spectro photometer (GBC Cintra 20) at A260 and 
electrophoresed in 2% (w/v) agarose containing 1 µg/ml ethidium 
bromide. 
 
 
Statistical analysis 
 
The data were analyzed statistically using ANOVA. Dunnett’s test 
(between control and treatments groups) and Student Newman-
Keuls test (between treatments groups) were used for multiple 
comparisons. The data analyzed were those from a minimum of 
three independent experiments. For the statistical evaluation of the 
results, the significance was accepted at the probability level of p 
<0.05. 
 
 
RESULTS 
 
Growth inhibitory effect of paclitaxel 
 
Hemocytometer results: Cytotoxic effects of seven 
different doses of PAC which were applied for 24 and 48 
h were determined with hemocytometer by counting living 
and dead cells. Results of 24 and 48 h treatments of 
seven different doses of PAC to FM3A cells are showed 
on Figure 2. 30,000 cells of control group were counted 
to be 50,000 after 24 h cultivation. Statistically differences 
(p<0.05) were found between experiment groups com-
pared to the control group, except for P1 dose. In 48 h 
treatment groups, cells number of control became 
112000 cells. All experiment groups for 48 h were statis-
tically significant compared to control. Among groups of 
P1, P2, P3, P4, P5, P6 and P7, differences were not 
significant. 

Vitality % graphic which was determined by counting 
living cells is showed on Figure 3. Comparing to the 
control group whose vitality was 100%, vitalities of experi-
ment groups after 24 h were detected as 85% for P1 dose,  



 
 
 
 

 

 
Figure 2. Viable cell number per ml of FM3A cells treated with PAC 
(P1 = 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 
= 120 nM, P7 = 240 nM). 
 
 
 

 

 
Figure 3. Vitality % values of FM3A cells treated with PAC (P1 = 3 
nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 = 120 
nM, P7 = 240 nM). 
 
 
 
63%  for P2 dose, 46% for P3 dose, 10% for P4 dose, 
3% for P5 dose, and 0% for P6 and P7. Statistically 
significant differences between treatment and control 
group were detected (p<0.05). Vitality % for 48 h were 
detected as, 12.9% for P1, 4.9% for P2, 2.23% for P3, 
1.78% for P4, 1.33% for P5, and 0% for P6 and P7 
doses. All the differences between treatments and control 
group were statistically significant (p<0.05). Dead cells 
number for 24 and 48 h are shown in Figure 4. We 
observed that seven doses of PAC and time dependent  
increasing of dead cell number was consistent with 
decrease on proliferation rate graph. 
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Figure 4. Dead cell number per ml of FM3A cells treated with 
PAC (P1 = 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 
60 nM, P6 = 120 nM, P7 = 240 nM). 

 
 
 

 

 
Figure 5. Mortality % values of FM3A cells treated with PAC (P1 
= 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 = 
120 nM, P7 = 240 nM). 

 
 
 
Compared to the most cytotoxic group whose mortality 
was 100%, mortatities of experiment groups after 24 and 
48 h are shown in Figure 5. Therefore, the seven doses 
of PAC have time and dose dependent increasing 
cytotoxic effects on FM3A cells. Cytotoxic effects which 
occured in our experiments was detected by assessment 
of decreasing surviving cell numbers (vitality %) and in-
creasing dead cell numbers (mortality %). 

WST-1 colorimetric results: Absorbance measurement 
for 24 and 48 h are shown in  Figure  6.  Vitality  %  graph 
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Figure 6. WST-1 results of FM3A cells treated with PAC (P1 = 3 
nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 = 120 
nM, P7 = 240 nM). 
 
 
 

 
 

Figure 7. Vitality % values of FM3A cells treated with PAC (P1 = 
3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 = 
120 nM, P7 = 240 nM). 

 
 
 
which was determined by absorbance measurement is 
shown on Figure 7. Compared to control group, vitality % 
values of experiment groups which were examined for 
their mitochondrial dehydrogenase enzyme activity after 
24 h were determined as  64.7%  for  P1,  64.3%  for  P2,  

 
 
 
 
47.4% for P3, 36.5% for P4, 36% for P5, 35.8% for P6 
and 35.7% for P7. Vitality % values for 48 h were 
determined as 35.9% for P1, 16.6% for P2 and P3, 
16.4% for P4, 15.7% for P5, 13.7% for P6 and 13.9% for 
P7. All the differences between treatments and control 
groups (24 and 48 h treatments) were statistically signi-
ficant (p<0.05). The results of WST-1 colorimetric method 
were consistent with results of hemocytometer 
measurement. 
 
 
Evaluation of paclitaxel-induced apoptosis in FM3A 
cells 
 
Morphological methods: Expected apoptotic morpholo-
gical changes were shrinkage of cell membrane, blebbing 
of cell membrane, nuclear condensations; thus cell 
deformation and formations of apoptotic bodies. After-
wards, nucleus breaks into fragments. In our study this 
apoptotic morphological changes were detected on PAC 
treated FM3A by Phase-contrast microscope as shown in 
Figure 8. 

Formations of vacuole blebbing, nuclear condensations 
and apoptotic bodies, which occured in treated cells, 
were detected by Giemsa staining (Figure 9), and 
fluorescent microscopy with DAPI as shown in Figure 10. 

Apoptotic index (AI): 24 h after drug treatments, there 
were no apoptotic cells among 200 cells of control group 
of FM3A. 200 cells per treatments group were taken and 
73% for P1, 85% for P2, 64% for P3, 31% for P4, 24% for 
P5, 22% for P6 and 17% for P7 were detected as 
apoptotic. All differences between control and treatments 
groups were statistically significant (Figure 11) (p<0.05). 
Apoptotic cell number after 48 h treatments were 124% 
for  P1, 135% for P2, 94% for P3, 52% for P4, 26% for 
P5, 23% for P6, and 19% for P7 doses. All the diffe-
rences between treatments and control groups (24 and 
48 h treatments) were statistically significant (p<0.05). 
Compared to the control group which was supposed to 
have 100% vitality, vitality values of drug treated groups 
after 24 and 48 h were statistically significant (p<0.05) 
compared to control (Figure 12). AI values for P2 dose 
increased for both 24 and 48 h of PAC treatments. 

DNA fragmentations: As an indicator of apoptosis, DNA 
fragmentations was detected by Apopladder ExTM 
(Takara, Kat. No: MK600) kit on seven different doses of 
PAC treatment for two different times (24 and 48 h) in 
FM3A cells. DNA fragmentation results of cancer cells 
which were treated with various doses of PAC for 24 h 
are showed in Figure 13. Compared to control group, 24 
h after PAC treatments, 200 bp long DNA fragmentations 
was detected on P2 treated FM3A cells (Figure 13). Also 
48 h after PAC treatments, 300 - 350 bp long DNA 
fragmentations were detected on treated FM3A cells 
(Figure  14). 

General evaluation: We aimed to determine apoptotic 
and anti-proliferative effects of PAC on FM3A cells, and 
results showed us that seven different doses of PAC  have



Ilgar and Arıcan        551 
 
 
 

          

      

A 

C 

B 

D 

���� 

 

 
Figure 8. Phase-contrast microscopy (FM3A cells in apoptosis �) (x400) A. Control. B and C. Nuclear 
fragmentations and formations of bleb after P2 treatments (�) D. Seconder necrosis after P7 treatments (�). 
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Figure 9. Apoptotic FM3A cells with Giemsa staining after P2 treatments (x100). A. Control. B. 
Formations of bleb.  C. Formations of vacuole.  D. Nuclear condensations. 

 
 
 
have cytotoxic effects on FM3A cells when they are 
applied for 24 and 48 h. Cytotoxic effects of PAC caused 
significant proliferation speed decreasing (p<0.05) from 

the first treatments group to the last, comparing to control 
group. Cytotoxic effects which we obtained was because 
of PAC-induced apoptosis. Apoptosis  which  occured  on 

D 
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Figure 10. Fluorescence microscopy of P2 treatments with DAPI in FM3A cells (x100). A. Control. B, C and 
D. Apoptotic cell nucleus. 

 
 
 

  

Figure 11. Apoptotic cell number of FM3A cells treated with PAC 
(P1 = 3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 
= 120 nM, P7 = 240 nM). 

 
 
Figure 12. Apoptotic index of FM3A cells treated with PAC (P1 = 
3 nM, P2 = 7.5 nM, P3 = 15 nM, P4 = 30 nM, P5 = 60 nM, P6 = 
120 nM, P7 = 240 nM). 



 
 
 
 

                         M         C           1             2             3             4            5             6            7 

                      

       1500- 

 
       

         400-    
         
         300- 

         200- 

         100- 

bp 

 

 
Figure 13. Agarose gel electrophoresis of DNA fragmentations 
after PAC treatments for 24 h (M. Marker, C. Control, 1. P1, 2. 
P2, 3. P3, 4. P4, 5. P5, 6. P6, 7. P7). 
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Figure 14. Agarose gel electrophoresis of DNA fragmentations 

after PAC treatments for 48 h. (M. Marker, C. Control, 1. P2, 2. 
P1, 3.P6, 4. P5, 5. P4, 6. P3,7. P7). 

 
 
 
PAC treated FM3A cells was supported by morphological 
imaging, molecular biology methods and also by AI 
parameters. Among all parameters that we applied, P2 
gave the highest apoptotic index values and also it was 
the only one which had DNA fragmentations on agarose 
gel electrophoresis. We found that P2 dose is the most 
effective one for FM3A cells. 

Ilgar and Arıcan        553 
 
 
 
DISCUSSION 
 
Cancer is a process in which normal cells gain infinite 
proliferation ability and drives organism to the death. 
Unfortunately our knowledge about molecular changes 
which occurs at cancer development and invasion is 
insufficient. Observing responses of cancer cells to anti-
cancer drugs, and driving them to apoptosis by 
developing their activities seem to be one of the best 
ways (Lanni et al., 1997; Sawada et al., 2003). Apoptosis 
is a selective process which we can see on normal 
physiological and pathalogical conditions and also erases 
the cells which can potentially harm the organism 
(Bribiesca, 2003; Crowell, 2005). Apoptotic cell is charac-
terized by loss of volume, swelling of plasma membrane, 
nuclear condensations, aggregation of cromatine, and 
nucleosomal DNA fragmentations (Arıcan et al., 2008).  

In our study, toxicity increased depending on dose of 
PAC on the treated FM3A cells. Surviving cells decreas-
ed depending on time and dose, while dead cells were 
increased. Multiple effects of PAC include increasing 
polymerization and stabilization of microtubules, and 
blocking cell cycle on G2/M phase. This caused anti-
proliferation of tumor cells lines of murin solid tumor and 
leukeamia, and also caused cell death (apoptosis) 
(Jordan et al., 1996; Chen et al., 1997; Arican Özcan, 
2005a). 

Another paper on this subject shows that cytotoxic 
effects of PAC occurs by suppressing cell proliferation, 
accumulation on mitosis phase (G2/M blockage) and 
therefore decreasing on synthesis phase (Arıcan, 2005b). 
Microtubules support cells physically and also built 
intracellular substructure for signal transmitting pathways. 
Microtubules fill whole cytoplasm and crosess whole cell 
from membrane to nucleus. Previous studies showed that 
microtubules are related with mechanic components of 
both apoptosis and cell cycle (Vikhanskaya et al., 1998). 
Due to PAC’s multiple effects on cell cycle and apoptosis, 
it should not be suprising to observe that it kills cancer 
cells (Long and Fairchild, 1994; Pulkkinen et al., 1996; 
Lieu et al., 1997; Wang et al., 2000). PAC kills cancer 
cells by p53-independent way. It kills p53 mutant cancer 
cells more effective than wild type p53 containing cancer. 
Also, PAC acts selective to transformed cells and blocks 
them on G2/M phase of cell cycle or drives them to 
apoptosis. On non-transformed cells, it caused reversible 
G1 blockage (Wang et al., 2000). 

PAC-induced apoptosis can also be regulated by bcl-2 
subfamily members. Bcl-2 family contains both death 
inducers (Bax, Bak, Bad, Bcl-XS; proapoptotics) and 
death suppressors (Bcl-2, Bcl- XL; antiapoptotics) (Wang 
et al., 2000). It was shown by Liu and Stein (1997) and 
Wang et al. (2000) that PAC caused down-regulation of 
Bcl- XL expression and by Liu and Stein (1997), Jones et 
al. (1998) and Wang et al. (2000) that it caused up-
regulation of Bax and Bak expression. It was shown that 
PAC treatments start phosphorilation of bcl-2 and also it 
was reported by Blagosklonny et al. (1996, 1997), Haldar  
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et al. (1998) and Wang et al. (2000) that Raf-1 is 
essential for this phosphorilation. The latest studies 
proved that bcl-2 phosphorilation after PAC treatments 
occurs only at cells which were blocked on G2/M phase 
(Haldar et al., 1998; Scatena et al., 1998; Wang et al., 
2000). PAC-induced apoptosis is related with activation 
of p34cdc2 (Ibrado et al., 1998; Wang et al., 2000), cdc-
like kinase (Scatena et al., 1998; Wang et al., 1998) and 
other cycline-dependent kinases (CDKs) (Ponnathpur et 
al., 1995; Meikrantz and Schlegel, 1996; Wang et al., 
2000). Recent researches indicate that activation of 
p34cdc2 is related to apoptosis and CDKs are among 
terminal effectors of apoptotic process (Wang et al., 
2000). The question of activation of p34cdc2 being 
reason (Yu et al., 1998)  or result (Ling et al., 1998) of 
mitotic stoppage is not answered completely yet (Wang 
et al., 2000). Alternatively, activation of p34cdc2 and 
mitotic stoppage can be two possible results of dynamic 
microtubules suppression (Ling et al., 1998; Wang et al., 
2000).  

Mitotic stoppage is related to apoptosis on PAC-treated 
cells. PAC-induced apoptosis can be observed directly 
right after a mitotic stoppage or after entering G1-like 
multi nucleus including abnormal conditions (Wang et al., 
2000). Mitotic spindle checkpoint is a signal transmitting 
pathway which observes correct connections between 
chromosomes and mitotic spindle, and continues until cell 
cycle blocking results. It is connected with  kinetochore-
related receptor. Various mammalian gene products such 
as MAD2, BUB1, BUB3, PP2A and MAPK are described 
to function in spindle accumulation checkpoint (Wang et 
al., 2000). Apoptosis which is characterized by specific 
changes on cell surface and nuclear morphology is a 
morphological and biochemical process that drives cell to 
death. Internucleosomal level DNA fragmentations can 
be observed in apoptotic cells (Collins et al., 1997).  

In our experiment, cytotoxic effects of PAC is related to 
cell death using growth rate parameter. To understand 
that if this cell death occurs by apoptosis or not, we used 
DAPI staining and searched by fluorescence microscope. 
We found that P2 is the most effective dose. We detected 
that as the dose increased, the number of apoptotic cells 
decreased. By the way, we have to search for more 
parameters to understand the way which cells are 
heading when they were treated with higher doses than 
P2. When we looked for morphological criterion of PAC-
induced apoptosis we found the same P2 dose as the 
most effective for cell shrinkage, blebbing of cell 
membrane, formations of apoptotic bodies, nuclear 
condensations, fragmentations and seconder necrosis 
(Figures 8 - 10). 

To support apoptotic effects of PAC in this study we 
detected DNA fragmentations which is one of the main 
properties of apoptosis. As a support to this finding, 
agarose gel electrophoresis results confirmed that DNA 
fragmentations occurs at P2 dose. We could not see 
DNA fragmentations on other  doses  for  this  treatments  

 
 
 
 
periods except P2 dose, but it does not mean that DNA 
fragmentations does not occurs at the other doses 
(Figure 13 - 14). The result that we found support results 
of the other researches which points apoptotic and anti-
proliferative effects of PAC on tumor cells.  

Criterions of growth rate inhibition, AI increasing, cha-
racteristic changes of apoptosis and DNA fragmentations 
are limited to explain mechanism of cytotoxic effects of 
PAC. However, time and dose dependent increase of 
cytotoxicity, and its apoptotic pathways are consistent 
with previous studies. Especially, P2 dose (7.5 nM) of 
PAC sensitivity of FM3A cells, is the major result of our 
study. Future studies which takes this best dose as 
reference will provide critical assessment of clinical 
usage of PAC.   
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