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INTRODUCTION

Oncogenes, known as cancer genes, and tumor sup-
pressor genes encode the components of the path-
ways that regulate the proliferative and social behavior 
of cells, and a molecular change in these can lead to the 
development of cancer (1). Natural products are con-
sidered a promising approach to cancer therapy with 
less toxic yet more potent effects. (2-4). Many chemo-
therapeutic agents used in clinics are produced from 
plant and analogs of the compound of it contains. Now-
adays, the compounds obtained from plants in natural 
products (secondary metabolites) which have antican-
cer activity, cause apoptosis and regulate angiogene-
sis. Additionally, the metastasis potential of tumor cells 
have been identified (5-8). Some of the compounds and 

their derivatives such as paclitaxel, vinblastine, vincris-
tine, etoposide, artemisinin, cannabinoid, resveratrol, 
camptothecin, derivatives of colchicine (Democolcine, 
N-deacetylcolchicine, and trimethyl colchicinic acid) 
are secondary metabolites used as chemotherapeutics 
in the clinic (3,6,8).

PAC, derived from the bark of Taxus brevifolia and 
having an antimitotic effect, has been used as a drug 
in some cancer therapy such as cancer of the uterus 
and breast cancer (9). The drug affects the normal 
functioning of the interphase as well as the micro-
tubules in the mitosis. This effect of PAC has been 
shown to result from apoptosis of the resulting cell 
death (10). 
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ABSTRACT

Objective: This study was conducted to determine the antiproliferative effects of paclitaxel (PAC) and Colchicum umbrosum 
plant extract on C-4 I and Vero cells. In addition, the apoptotic effects of plant extract on these cells were compared.

Materials and Methods: C-4 I and Vero cells were treated with PAC and corm extract of C. umbrosum for 24 h. The 
antiproliferative effects of 0.01, 0.1, and 1 mg/mL of plant extract and 7.5, 15, and 30 nM of PAC and the half maximal 
inhibitory concentration (IC50) values were determined by the MTT method. Morphological changes occurring in the C-4 I 
and Vero cells were observed under phase-contrast and fluorescence microscopes using DAPI staining.

Results: The IC50 values were found to be 0.01 mg/mL in C-4 I cells and 1 mg/mL in Vero cells for the plant extract and 15 
nM in C-4 I and Vero cells for PAC. The apoptotic index (AI) values of the experimental groups of C-4 I and Vero cells were 
significantly increased compared to those of the control group (p<0.01) after treatment with IC50 concentration of the plant 
extract. The AI values of the plant extract treatment in C-4 I cells were higher than those in Vero cells at 24 and 48 h.

Conclusion: Treatment with the IC50 concentration of the plant extract induced apoptotic cell death in C-4 I cells. It can 
worth be considered as a novel promising candidate for the treatment of cancer.
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Colchicine is another secondary metabolite isolated from 
the species of Colchicum genus. Colchicine, an antimitotic 
agent that prevents the accumulation of microtubules, has 
 antiproliferative effects due to its ability to inhibit cell division 
in the metaphase (11-13). Thus, the cells’ death was actualized 
by using the apoptotic pathways (14). 

Commonly, cancer cells are more susceptible to apoptosis 
themselves and the understanding of the molecular pathways 
that regulate apoptosis is beneficial in exploring the chemo-
therapeutic targets of cancer, which in turn will allow the dis-
covery and development of new drugs. Recent studies have 
revealed that there are both natural and synthetic anticancer 
drugs mediating through apoptosis induction in order to pre-
vent tumor expression, progression, and the emergence of 
cellular inflammatory responses other than necrosis (15-18). 
Apoptosis is a genetically controlled death which is found in 
both physiological and pathological conditions which are not 
needed or are dangerous to the organism. Given that apoptotic 
cells can be morphologically identified and counted by using 
phase contrast and fluorescence microscopy, they have used in 
the determination of the apoptotic index in tumor growths as a 
prognostic marker (19).

In this study, the antiproliferative effects of different doses of 
Colchicum umbrosum extract alone and PAC alone treated in 
C-4 I (cancer-acquired cell) and Vero cells (normal cell) were 
investigated using the MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 
5- diphenyltetrazolium bromide] method for 24 hours. Addi-
tionally, its IC50 values were determined. In this context, the 
aim was to determine the different antiproliferative effects 
of the chemotherapy drug and the plant extract on both the 
cancer and normal cells. Morphological changes in cells were 
shown with phase contrast and fluorescence microscopes with 
4’-6-diamidino-2-phenylindole (DAPI). Furthermore, the apop-
tosis rate was determined using the apoptotic index parameter.

MATERIALS AND METHODS

Colchicum umbrosum Steven (corm, ISTE: 85333) plant was 
collected from Bolu-Abant in Turkey on 25.06.2008. The plant 
extract was percolated with pure methanol and lyophilized at 
Istanbul University Faculty of Pharmacy’s Department of Phar-
macognosy. Plant extract and PAC (Ebetaksel®, Bristol Myers 
Squibb Co.) were prepared at different doses and applied on 
normal and cancer cells used in this study.

Cell Lines
Vero (normal cell line, green monkey kidney) and C-4 I (cancer 
cell line, human cervix carcinoma) cells were obtained from the 
ATCC (Vero: ATCC® CCL-81; C-4 I: ATCC® CRL-1594) used in the 
experiments. 10% Fetal Bovine Serum (FBS, Gibco Lab.) was 
added to the media used for these cells (Vero cells were MEM 
medium, C-4 I cells were in Waymouth MB medium) and pH was 
adjusted to7.2 with 4.4% NaHCO3. Cells were incubated in ster-
ile 25 cm2 flasks with regular passages twice a week at 37 °C in a 
5 % CO2 and 95 % air mixture (20,21).

Passage Processes of Cells
The Vero and C-4 I cells were passaged when they became 
monolayers in the culture containers where they grew. Cells 
were washed with Hank’s Buffered Salt Solution and incubated 
with 2 ml of 0.25% trypsin for 3 minutes to release them from 
the surface. The suspended cells were taken to the centrifuge 
tube and 4 ml of the medium was added for the trypsin inac-
tivation. Then, it was centrifuged at 500 xg for 5 minutes. After 
this process, the supernatant part of the precipitated cells was 
removed (20,21).  The cells were palced in a 96 well plate for the 
antiproliferative experiment at 30,000 cells/well; and to deter-
mine the apoptotic index, the cells were seeded in 12 well plate 
at 200,000 cells per well. After the cultivation of the cells was 
carried out, incubation was carried out at pH 7.2 for 24 hours at 
37 ° C in an incubator containing 5% CO2 and 95% air (21).

Preparation of Concentration of Colchicum umbrosum Extract
The concentration of extracts prepared from the corm of  
  C. umbrosum plant used in the experiments was determined 
with reference to the previous studies (13,22). The dried ex-
tract was dissolved in a sterile, serum-free medium to prepare 
the stock solution. Then, 3 different concentrations of the plant 
extract (0.01, 0.1 and 1 mg/mL) were prepared by diluting the 
stock solution with a medium containing 10% FBS.

Preparation of Doses of PAC
The doses of PAC used were prepared taking into account the 
clinically applied doses. 30 mg/5 ml of sterile stock solution 
was diluted with PAC (Ebetaksel®, Bristol Myers Squibb Co.) se-
rum-free medium, resulting in an intermediate stock of 7.5 μM. 
Three different doses (7.5 nM, 15 nM, and 30 nM) to be used 
in the experiments were prepared sterilely diluting them with 
the prepared intermediate-staged medium containing 10% FBS 
and then applied to the cells (23).

Treatment of Plant Extract and PAC in Cells
3 different concentrations of the plant extracts alone and 3 dif-
ferent doses of PAC alone were applied to the cells for 24 hours. 
In the control group, the extract-free medium was used. At the 
end of these periods, the agents were removed and the anal-
yses were carried out in accordance with the determined pa-
rameters.

Determination of Cell Viability
3 different concentrations of the plant extract and 3 different 
doses of PAC were treated in the cells and the IC50 values were 
determined for use in the experiments. At the end of the specified 
experiment period, the cells were removed from the 96-well plate 
and 40 μL MTT (5mg/mL) was added to the wells and incubated 
for 4 hours in a shaking incubator. To dissolve the formazan crys-
tals which formed after 4 hours of incubation, 160 μL of dimethyl 
sulfoxide was added to each well and left in the shaker incubator 
for 1 hour. Then, the absorbance at 570 nm wavelength reference 
of 690 nm wavelength was determined using ELISA spectrometry 
(μQuant, Bio-Tek Instruments INC.) In addition, the samples were 
photographed using phase-contrast microscopy to determine 
any morphological changes in the experimental groups (23).
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Determination of Apoptosis
At the end of the application times of C. umbrosum concentra-
tion on C-4 I and Vero cells, 1 mL was taken from the cell sus-
pension in the experimental groups and collected in Eppen-
dorf tubes and centrifuged at 1500 rpm for 5 minutes at 4°C. 
The supernatant was discharged and 200 μL of the methanol: 
FTS (1:1) mixture was added. The supernatant was removed by 
centrifuge at 1500 rpm for 5 minutes. The pellet was resuspend-
ed in 200 μL of pure methanol and stored at +4°C. For cleaning 
the slides, a mixture of ethanol: HCl (1: 1) was used. The slides 
were left in this mixture for 24 hours, washed in distilled water 
and stored at +4°C for use. The cells, stored at +4°C in Eppen-
dorf tubes, were centrifuged again for 5 minutes at 1500 rpm, 
suspended in methanol and then dropped on cleaned slides 
and dried. The preparations prepared in this way were stained 
with DAPI for 20 minutes in a non-irradiated container at 37°C 
in a shaker incubator. After washing in PBS for 20 minutes, the 
coverslip was closed and examined under a fluorescence mi-
croscope. The Apoptotic index (AI) was determined by scoring 
both the normal nucleus and apoptotic nucleus in the prepa-
rations prepared according to the experimental groups. About 
100 cells were counted in at least 30 sites for each experimental 
group, and the percentages of apoptotic cells to total cells for 
each area was calculated. The AI values   were determined by av-
eraging the percentages of the 30 areas for each experimental 
group (23).

Statistical Analysis
The arithmetic mean of the reproduction speed, the AI data de-
termined by dose applied in all experimental groups, and the 
standard deviations were calculated. The results were examined 
to see if they showed any difference at a statistically significant 
level compared to the control group. For this purpose, the one-
way ANOVA test was applied to all the values determined from 
the experimental groups. The significance of the groups com-
pared to the control group was assessed using the Dunnett’s 
test. A value of p<0.05 was considered statistically significant  
(GraphPad Prism Version 6.00, GraphPad Software, San Diego 
California USA).

RESULTS

In this study, the antiproliferative effects of PAC and  C. 
 umbrosum plant extract in Vero and C-4 I cells were evaluated 
using the MTT method.

3 different doses of PAC (7.5 nM, 15 nM and 30 nM) and 3 dif-
ferent concentrations of plant extract (1, 0.1 and 0.01 mg/mL) 
were applied to the cells for 24 hours. In the statistical analysis, 
it was found that there was a significant difference between 
the control group and the experimental group where 1 mg/
ml concentration of plant extract was applied to the Vero cells 
(p<0.05) (Figure 1). For C-4 I cells, it was determined that there 
was a significant difference between the experimental group 
and control group with 3 different concentrations of plant ex-
tract (p<0.05) (Figure 2). In addition, a significant difference was 
found between the experimental groups and the control group 

where PAC was applied at 15 nM and 30 nM doses to the Vero 
cells (p<0.05) (Figure 3). It was found that there was a significant 
difference between all the experimental groups and the control 
group in which 3 different doses of PAC were applied to the  C-4 
I cells (p<0.05) (Figure 4).

The viability % values were determined as 94% for 0.01 mg/mL, 
75% for 0.1 mg/mL, 68% for 1 mg/mL concentration after the 
treatment of plant extract in Vero cells for 24 hours (Figure 5). 
The IC50 concentration was determined as 1 mg/mL in the Vero 
cells.

The viability % values were determined as 46% for 0.01 mg/mL, 
65% for 0.1 mg/mL, 35% for 1 mg/mL concentration after the 
treatment of plant extract in C-4 I cells for 24 hours (Figure 5). 
The IC50 concentration was found as 0.01 mg/mL in C-4 I cells.

Figure 1. Measured absorbance values of Vero cells treated with  
different concentrations of C. umbrosum plant extract (d1: 0.01 
mg/mL, d2: 0.1 mg/mL, d3: 1 mg/mL) for 24 h. 
*Significantly different from control (p<0.05).

Figure 2. Measured absorbance values of C-4 I cells treated with 
3 different concentrations of C. umbrosum plant extract (d1: 0.01 
mg/mL, d2: 0.1 mg/mL, d3: 1 mg/mL) for 24 h. 
*Significantly different from control (p<0.05).
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Figure 3. Measured absorbance values of Vero cells treated with 3 
different doses of PAC (d1: 7.5 nM, d2: 15 nM, d3: 30 nM) for 24 h. 
*Significantly different from control (p<0.05).

Figure 4. Measured absorbance values of C-4 I cells treated with 3 
different doses of PAC (d1: 7.5 nM, d2: 15 nM, d3: 30 nM) for 24 h. 
*Significantly different from control (p<0.05).

Figure 5. Viability % values of the cells treated with 3 different 
concentrations of C. umbrosum plant extract for 24 h.

Figure 6. Viability % values of the cells treated with 3 different dos-
es of PAC for 24 h.

Figure 7. a-f. Phase-contrast microscopy image (x100) treated with IC50 values of plant extracts and PAC for 24 h. a) Vero, Control; b) Vero, C. 
umbrosum; c) Vero, PAC; d) C-4 I, Control; e) C-4 I, C. umbrosum, f ) C-4 I, PAC.

a

d

b

e

c

f
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The viability %values were determined as 76% for 7.5 nM, 52% for 
15 nM, 53% for 30 nM doses after the treatment of PAC in Vero cells 
for 24 hours (Figure 6). The IC50 dose was determined as 15nM.

The viability % values were determined as 68% for 7.5 nM, 53% for 
15 nM, 35% for 30 nM doses after the treatment of PAC in C-4 I cells 
for 24 hours (Figure 6). The IC50 dose was determined as 15nM.

Any morphological changes in the cells were shown using 
phase-contrast microscopy after the treatment of IC50 concen-
tration of plant extracts and IC50 doses of PAC for 24 and 48 
hours (Figures 7 and 8).

Nuclear condensation and apoptotic bodies formed during 
apoptosis induced by the plant extract were shown with a 
fluorescence microscope at x100 magnification (Figures 9 and 
10).

The AI values were determined from the preparations prepared 
after administration of the IC50 concentration of the plant ex-
tract for 24 and 48 hours on the cells. This was done using fluo-
rescence microscopy with DAPI, by counting at least 30 apop-
totic and normal cells per 100 cells for each test group.

Figure 8. a-f. Phase-contrast microscope image (x100) treated with IC50 values of plant extracts and of PAC for 48 h. a) Vero, Control; b) Vero, 
C. umbrosum; c) Vero, PAC; d) C-4 I, Control; e) C-4 I, C. umbrosum, f ) C-4 I, PAC.
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c
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Figure 9. a-d. Fluorescence microscope image (x100) with DAPI 
of Vero and C-4 I cells for 24 h. a) Vero, Control; b) Vero, experiment 
group; c) C-4 I, control; d) C-4 I, experiment group. (→: apoptotic cells).

a

c

b

d

Figure 10. a-d. Fluorescence microscope image (x100) with DAPI 
of Vero and C-4 I cells for 48 h. a) Vero, Control; b) Vero, experiment 
group; c) C-4 I, control; d) C-4 I, experiment group. (→: apoptotic cells).

a

c

b

d
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At the end of 24 hours, the AI values were found as 3% for the 
control group and 58% for the experiment group of Vero cell; 
2% for the control group and 74% for the experiment group 
of C-4 I cell (Figure 11). It was determined that the difference 
between the experimental groups and the control groups was 
significant (p<0.01).

At the end of 48 hours, AI values were found as 4% for the con-
trol group and 29% for the experiment group of Vero cell; 4% 
for the control group and 77% for the experimental group of 
C-4 I cell (Figure 12). The difference between the experimental 
groups and the control groups was significant (p<0.01).

DISCUSSION

In this study, it has been shown that at 1, 0.1, and 0.01 mg/mL 
concentration of C. umbrosum plant extract applied on Vero and 
C-4 I cells during 24 hours caused a further decrease in the via-
bility of cancer cells compared to normal cells. It has been de-
termined that the IC50 concentration, which caused the death 
of approximately half of the cells of the plant extract at 1 mg/
mL in Vero cells and 0.01 mg/mL in C-4 I cells, between these 
three concentration, is the optimal concentration to be used at 
other stages of the study. According to this results, the plant ex-
tract more antiproliferative in C-4 I cells according to Vero cells. 

MTT, known as one of the viability tests, is a rapid method used 
to determine the antiproliferative effect of agents on cells (23). 

It was shown that PAC, commonly used in cancer chemother-
apy, applied to Vero and C-4 I cells over 24 hours, causes a de-
crease in the viability of both normal cells and cancer cells at 7.5 
nM, 15 nM and 30 nM doses. Of these three doses, the 15 nM 

dose appears to be the optimal dose to be used in other stages 
of the study (called the IC50 dose), which causes the death of 
half of both cells.

In a study conducted, the antiproliferative effect of PAC on 
HeLa cells was determined. The optimal dose determination 
was found to be nM dose of the IC50 value of PAC and related 
viability values (23).

The Colchicum genus of the Liliaceae (Colchicaceace) family has 
been used for therapeutic purposes since ancient times. As a re-
sult of studies on Colchicum species, the substance named Col-
chicine was found in the structure. Colchicine shows anticancer 
properties because it can stop cell division in the metaphase. 
However, although it is known that colchicine, which is highly 
toxic at the desired doses for cancer treatment, has a potent an-
tiproliferative effect, the therapeutic index is too low to be used 
therapeutically for this purpose. Derivatives of colchicine such 
as Demecolchine, N-deacetylcolchine, and trimethyl colchicinic 
acid, are less toxic derivatives and have been shown to be more 
promising in cancer treatment (13).

In one study, the chemical constituents of the different parts of C. 
baytopiorum plant extract and their antiproliferative effects in K562 
and HL60 cells were reported. In this study, colchicine, 2-demethyl-
colchicine, 3-demethylcolchicine, 3-demethyl-N-formyl-N-deace-
tylcolchicine, colchifoline, 2-demethylcolchifoline, demecolcine, 
2-demethyldemecolcine and 2-demethyl-ɣ-lumicolchicine 12 
were isolated from all the separated parts of C. baytopiorum. Ad-
ditionally, the antiproliferative effects of different concentrations 
(500, 100, 50, 5,1, and 0.1 μg/mL) of all extracts prepared from the 
different parts of  C.  baytopiorum in K562 and HL60 cells were in-
vestigated. IC50 values were calculated and the results were com-
pared with each other and with those for colchicine and deme-
colcine standards. According to this study, all extracts were more 
active than the demecolcine standard, and they also showed a 
similar activity to colchicine (13). 

In a second report, the apoptotic effect of 0.1 mg/ml of   
C. baytopiorum plant extract on HeLa cells by using qRT-PCR 
was researched. According to this report, the regulatory genes’ 
expression of apoptosis was significantly increased with the 
plant extract in the treatment group compared to the control 
group in HeLa cells (24). In other similar studies it was shown 
that colchicine may be more effective by interacting with other 
substances found in plant extracts (25-27).

Nowadays, anticancer therapies promote apoptosis using a va-
riety of cellular signaling pathways. By elucidating the details of 
the apoptotic mechanism, new targets can be created in tumor 
treatment and it will be possible to increase the treatment ef-
ficiency. In this study, the apoptotic effect of the IC50 concen-
tration of C. umbrosum plant extract in normal and cancer cells 
was investigated. 

In attempts to improve the outcome of traditional cancer ther-
apies, intensive investigations have been directed at various 
models of regulation of P53 and other key molecules involved 

Figure 11. a, b. Apoptotic index values (a) Vero; b) C-4 I) of cells 
treated with IC50 concentration of the plant extract for 24 h. 
**Significantly different from control (p<0.01).

Figure 12. a, b. Apoptotic index values (a) Vero; b) C-4 I) of cells 
treated with IC50 concentration of the plant extract for 48 h. 
**Significantly different from control (p<0.01).
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in DNA damage network processes. In one model; the main role 
of the P53 pathway in determining cell destiny has been sug-
gested either to activate the control points in the cell cycle or 
facilitate repair, thereby increasing survival or, inducing apop-
totic cell death (28-30).

In a cell that enters the apoptotic death process, loss of volume, 
loss of contact with neighboring cells, chromatin condensation 
and orientation to the nucleus membrane, formation of recess-
es in the plasma membrane, and disruption of the apoptotic 
body of the cell are the main causes (31).  

Previous studies regardig the C. umbrosum extract have de-
termined that the plant extract has apoptotic effects on HeLa 
cells. In this report, it was shown that 0.1, 0.5, and 1 mg/mL con-
centrations of the plant extract had increased compared to the 
control group at 24 hours (p<0.01) (22).

Goldstein et al. investigated apoptosis triggered in high and 
low dose UV irradiated HeLa cells by accelerated microscopy. It 
has been reported that the apoptotic process is of a certain du-
ration and apoptosis is a process that progresses all or nothing, 
regardless of the amount of UV dose (32). 

The determination of AI in malignant growth is accepted as a 
prognostic marker (19).

In this study, the formation of recesses and apoptotic bodies 
in the plasma membrane, which are morphologic changes in 
apoptosis induced by IC50 doses of C-4 I and Vero cells during 
24 and 48 hour periods, were detected by fluorescence micros-
copy using DAPI application.

In this study, 0.01 mg/mL concentration of C. umbrosum plant 
extract caused an AI increase due to progression in C-4 I cells. 
It was determined that plant extract applied to Vero cells at a 1 
mg/mL concentration of plant showed a time-dependent de-
crease in the cells. In this context, it has been shown that the 
plant extract used induces more cell death in cancer cells than 
in normal cells.

CONCLUSION

It has been shown that C. umbrosum plant extract applied on 
normal and cancer cells cause a decrease in mitochondrial de-
hydrogenase enzyme activity from cell kinetics parameters of 
cancer cells, resulting in an increase in AI. In normal cells, the 
cell death rate is less than in cancer cells and AI decreases with 
time. It was found that PAC caused more cell death in normal 
cells compared to the plant extract application. The strategy 
applied in cancer treatment is to reduce chemotherapy drugs 
in cancer cells while increasing survival in normal cells. In this 
context, it is thought that the use of plant extract in the treat-
ment of cancer according to PAC, which is the chemotherapy 
drug used in treatment, is more promising. 
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