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Abstract – Objective: Prostate cancer is one of the most lethal forms of human cancer and 
paclitaxel is currently part of standard treatment for it. Combination therapy can enhance the 
anti-cancer activity of chemotherapy agents. Trifolium pratense L. has been suggested for cancer 
treatment in traditional medicine. In this study the effect of T. pratense hydroalcoholic extract on 
two prostate cell lines and normal fibroblast cells was investigated. 

Materials and Methods: In this in vitro study, cells were treated with T. pratense extract and viability 
was evaluated using trypan blue staining, MTT assay, and lactate dehydrogenase activity measurement. 
Apoptosis and autophagy cell death were detected and quantified by fluorescent dyes staining. Nitric 
oxide production was measured using Griess reaction. Changes in expression level of some apoptotic and 
autophagic- related genes were investigated using Real-time PCR. The combination effect of extract and 
paclitaxel was evaluated by calculating the combination index and dose reduction index values. 

Results: After treatment with T. pratense extract, the cell viability was significantly reduced 
in a time- and dose-dependent manner (p<0.05). The effect of extract on normal cells was signif-
icantly smaller than cancer cells (p>0.05). Apoptosis and autophagy cell death were significantly 
increased (p<0.05). Also, T. pratense extract significantly decreased NO production (p<0.05) by 
cancer cells. Combination of paclitaxel and T. pratense extract had a synergistic cytotoxic effect.

Conclusions: T. pratense showed an anti-cancer property via induction of apoptosis and auto-
phagy cell death in prostate cancer cell lines.
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duction index, EB: Ethidium bromide, FBS: Fetal bovine serum, LDH: Lactate dehydrogenase, MTT: 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, NO: Nitric oxide, PI: Propidium io-
dide, RPMI: Roswell Park Memorial Institute.
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INTRODUCTION 

Prostate cancer is one of the most common cancers 
and the second leading cause of cancer-related 
death among men. It accounts for 33% of all newly 
diagnosed malignancies, and usually develops over 
50 years of age1,2. Recently, standard treatment for 
prostate cancer consists of surgery (radical prosta-
tectomy), radiotherapy (external-beam radiotherapy 
and/or brachytherapy) and chemotherapy. Paclitaxel 

(Taxol), classified with the taxane group, is used as 
a chemotherapy agent in the treatment of prostate 
cancer. It is a mitotic inhibitor that binds to tubulin 
and inhibits the disassembly of microtubules, there-
by resulting in the inhibition of cell proliferation. 
This agent also induces apoptosis by binding to and 
blocking the function of the anti-apoptotic protein 
Bcl-23. Although these methods are initially useful 
for the majority of patients, but acquired drug re-
sistance is the main problem in successful therapy 
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F12 nutrient mixture (DMEM/F12), Roswell Park 
Memorial Institute (RPMI)-1640 Medium and fetal 
bovine serum (FBS) were purchased from Gibco 
(Rockville, MD, USA). All experiments were per-
formed in triplicate and repeated independently at 
least three times.

Collection and extraction 
of the plant material 
T. pratense seed was prepared and cultured in a farm 
and the herbs were collected during May 2017. The 
species of plant were confirmed by a taxonomist 
from Kermanshah University of Medical Sciences 
(Kermanshah, Iran). Next, the aerial part of herbs 
was collected, shade-dried at room temperature and 
powdered. Then, 15 g of powder was dissolved in 
150 mL of 70% ethanol for 48 h in darkness. It was 
subsequently filtered through filter paper and dried 
to evaporate the alcohol. The solvent of the final 
powder was serum-free cell culture medium, and 
the prepared concentrations were passed through a 
0.22 μm filter before use11. 

Cell culture and treatment

Both cell lines were seeded in cell culture flasks 
containing Roswell Park Memorial Institute 1640 
(RPMI-1640) medium supplemented with 10% fetal 
bovine serum (FBS) without antibiotics. The me-
dium of normal fibroblast cells was DMEM/F12. 
The cells were maintained at 37°C in a humidified 
atmosphere containing 5% CO2. Following reaching 
to confluency, the cells were detached with 0.25% 
trypsin/EDTA solution, centrifuged at 1500 rpm 
for 5 minutes, and counted with a hemocytometer. 
Approximately 1.5×104 and 7×104 cells per well 
were seeded in 96 and 24 well plates, respectively. 
Paclitaxel were dissolved in dimethyl sulfoxide 
(DMSO) at a stock concentration of 100 mM and 
stored at -20°C until use. The cells were treated 
with 12.5, 25, 50, 100, 200, 400 and 800 μg/mL of 
T. pratense extract.

Dye exclusion test

Trypan blue staining is used to determine the via-
bility of cells. This method is based on the ability 
of the live cells with intact membranes to exclude 
certain dyes, such as trypan blue. The cells were 
cultured in 24-well plates and after 24 hr, the cul-
ture medium was replaced with new serum-free 
medium containing various concentration of T. 
pratense extract. Plates were incubated for 24, 48 
and 72 hr. Subsequently, the cells were trypsinized 
and the suspension was mixed with an equal vol-
ume of 0.4% trypan blue solution. The number of 
dead cells (have a blue cytoplasm) vs. the total 
number of cells was calculated as the percentage 
of viability12.

of patients and tumors become more aggressive and 
unresponsive to standard treatment. Furthermore, 
like most of the chemotherapy agents, paclitaxel 
has different side-effect profiles4. So there is an 
urgent need for safe and effective therapeutic ap-
proaches for prostate cancer. Currently, there is 
growing interest in developing combination therapy 
using multiple anti-cancer agents as a new strategy 
to overcome drug resistance. Different anti-cancer 
agents affect different targets and cell subpopula-
tions and therefore, can enhance the therapeutic 
effects, reduce dose and side effects and prevent 
or delay the induction of drug resistance5. Sever-
al studies have suggested that consumption of a 
plant-based diet have a useful effect on the cancer 
therapy. Over 60% of approved and currently used 
chemotherapeutic drugs have been isolated from 
natural products, mostly of plant origin6. Some diet 
and nutritional supplementation have often been an-
alyzed by several studies for the beneficial effect on 
prostate cancer7,8. Trifolium pratense L., a member 
of Leguminosae or Fabaceae family, is a short-lived 
biennial flowering plant, which has been used as 
a health food for humans. It is found natively in 
Europe, Western Asia, and northwest Africa, but it 
has been naturalized in other continents, like North 
and South America. Nowadays, many isoflavone 
preparations derived from T. pratense are available 
as nutritional supplements9. It has also been used in 
traditional medicine to treat whooping cough, asth-
ma, eczema and eye diseases10. T. pratense has also 
been suggested for cancer treatment in traditional 
medicine book. Our previous work showed the 
anti-cancer properties of this extract on glioma cell 
line (U87MG)10. The aim of the present study was to 
determine the effect of T. pratense hydroalcoholic 
extract on two human prostate cancer cell lines and 
normal fibroblast cells.

MATERIALS AND METHODS

Cell lines and reagents

The human prostate cancer cell lines (LNCap and 
PC3) were obtained from the National Cell Bank of 
Iran. Fibroblasts isolated from the skin in primary 
culture were kindly supplied by Dr. Kamran Man-
souri (Medical Biology Research Center, Kerman-
shah University of Medical Sciences, Kermanshah, 
Iran.) and used between passages 3 and 6. Pacli-
taxel, trypsin, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-di-
phenyltetrazolium bromide (MTT), acridine orange 
(AO), ethidium bromide (EB), dimethyl sulfoxide 
(DMSO) and propidium iodide (PI) were purchased 
from Sigma-Aldrich Chemical Co (St. Louis, MO, 
USA). Dulbecco’s modified eagle medium/Ham’s 
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For differential staining of the cells the PI staining 
solution was added and the plate was incubated 
for 4 min at room temperature. Finally, cells were 
analyzed using a fluorescence microscope. All the 
mentioned stages are performed in dark condition. 
The apoptotic index of the cells was calculated as 
follow15: Apoptotic index (%) = (number of apoptot-
ic cells/total number of cells) ×100

AO/EB double staining

To observation of the live, early and late apoptotic, and 
necrotic cells under the fluorescent microscope, AO/EB 
double staining was performed. AO permeates all cells 
and makes the nuclei appear green. EB is only taken 
up by cells when cytoplasmic membrane integrity is 
lost, and stains the nucleus red. EB also dominates over 
AO. Thus, live cells have a normal green nucleus; early 
apoptotic cells have bright green nucleus with con-
densed or fragmented chromatin; late apoptotic cells 
display condensed and fragmented orange chromatin; 
cells that have died from direct necrosis have a struc-
turally normal orange nucleus. The cells were seeded in 
24-well plates and incubated overnight in a humidified 
5% CO2 incubator at 37°C for 24 hr. Then, cells were 
treated extract. After 48 hr, wells were washed with 
PBS and stained using AO/EB dye mix (1 part of 100 
μg/ ml of AO and 1 part of 100 μg/ml of EB in PBS). 
The live, apoptotic and necrotic cells were observed 
under the fluorescent microscope16.

Detection of acidic vesicular 
organelles (AVOs) 
To analyze the autophagy induction, AVOs, which 
consist predominantly of autophagosomes, and au-
tolysosomes, were quantified using AO staining. 
AO accumulates in acidic organelles in a pH-de-
pendent manner in cells. At neutral pH, it emits 
green fluorescence, but within acidic environments 
becomes protonated and gets trapped within the 
organelle and then aggregates and emits red fluores-
cence. Cancer cells were seeded in a 24-well plate 
and treated with various concentrations of extracts. 
After 48 hr, the cells were stained with AO (1 μg/
mL) for 20 min in dark condition. After washing out 
the excess dye with PBS, the morphological change 
was evaluated using a fluorescence microscope. The 
percentage of autophagic cells was calculated as fol-
lows17: Autophagic cells (%) = (the number of cells 
with AVOs / the total number of stained cells) × 100.

Nitric oxide (NO) measurement

The effect of T. pratense on NO production by pros-
tate cancer cells was investigated by colorimetric 
Griess reaction. This reaction is widely used to de-
termine total nitrate and nitrite concentration as an 
index of NO production in biological samples. After 
treatment with different concentration of extract for 

MTT assay

MTT staining is a standard colorimetric assay based 
on the ability of viable cells to reduce a soluble yellow 
tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5-di-
phenyltetrazolium bromide) to a blue formazan crys-
tal by mitochondrial succinate dehydrogenase en-
zyme. Briefly, cancer cells were seeded in 96-well 
culture plates. After incubating the plates for 24 hr 
at 37°C in a humidified incubator, the cells were 
treated with various concentrations of T. pratense 
for 24, 48 and 72 hr or left untreated in the control 
group. Next, the culture medium was removed and 
30 μl of MTT solution (5 mg/ml in PBS) was added 
to each well and incubated at 37°C. After 4 hr the 
formazan product was dissolved in 100 μl DMSO 
and the optical density (OD) of each sample was 
measured using an ELISA reader at 570 and 680 
nm. The percentage of cell viability was calculated 
according to the following equation13:

Cell viability (%) = [OD570, 630 (sample)/ 
OD570, 630 (control)] ×100.

The IC50 values of T. pratense extract against 
two-cancer cell lines were calculated using GraphPad 
Prism 5 (GraphPad Software Inc., La Jolla, CA, USA).

Lactate dehydrogenase 
cytotoxicity (LDH) assay

LDH is a soluble cytosolic enzyme that is released 
into the culture medium following the loss of mem-
brane integrity. LDH activity, therefore, can be used 
as an indicator of cell membrane integrity and serve 
as a general means to assess cell viability. Briefly, 
cancer cells were cultured in 24-well plates and the 
plates were incubated overnight at 37°C. The culture 
medium (300 μl) containing various concentration of 
extract was added to each well, and the plates were 
incubated for 24, 48 and 72 hr. Then, 100 μl of me-
dium from each well was transferred to new plates. 
LDH activity was measured using Cytotoxicity De-
tection Kit (Roche Chemical Co., Basel, Switzerland) 
according to the manufacturer’s procedure. Finally, 
the OD at 490 nm with a reference wavelength of 690 
nm for each sample was measured14.

TUNEL assay

Apoptosis was evaluated by labeling the 3′- hy-
droxyl termini in the DNA fragments using an In 
Situ Cell Death Detection Kit, AP (Roche Diag-
nostics, Basel, Switzerland) and according to the 
manufacturer’s instructions. Briefly, after 48 hr 
treatment with T. pratense extract in a 96 well plate, 
the cells were fixed using 4% paraformaldehyde 
in PBS (freshly prepared) for 1 hr, permeabilized 
using a solution (0.1% Triton X-100, 0.1% sodium 
citrate) for 5 min on ice, and incubated with 50 μl 
of TUNEL mixture solution (label and enzyme 
solution) at 37°C for 1 hr in a humidified incubator. 
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calculated using CompuSyn software (ComboSyn, 
Inc., Paramus, NJ, USA). The CI values were inter-
preted as additive (CI = 1), synergistic (CI < 1) and 
antagonistic (CI > 1). The DRI values represent the 
degree to which the concentration of a compound can 
be reduced when used in combination with another 
compound to maintain an equivalent effect, and Fa 
is the fraction of cell death ranging from 0 (no cell 
killing) to 1 (100% of cell killing)19.

Real-time PCR
The effects of various concentration of T. pratense 
extract on the expression level of some apoptotic 
and autophagic-related genes were analyzed by re-
al-time PCR. Total RNA from cancer cells, treated 
with T. pratense extract for 48 hr, was prepared by 
total RNA isolation kit (DENAzist, Tehran, Iran) and 
complementary DNA (cDNA) synthesis was carried 
out using cDNA synthesis kit (Vivantis Technolo-
gies, Selangor DE. Malaysia). Real-time PCR was 
performed using SYBR Premix Ex Taq technology 
(TaKaRa Bio Inc., Otsu, Shiga, Japan) on the Ap-
plied Biosystems StepOne Real Time PCR System. 
Glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) was served as an internal control and the fold 
change in relative expression of each target mRNA 
was calculated on the basis of comparative Ct (2(-∆∆ct)) 
method. The primer sequences were as follows: 

Statistical analysis

All data are presented as mean ± standard deviation 
of three independent experiments. Statistical evalu-
ation was done using one‑way analysis of variance 

48 hr, 400 µl of cell culture supernatant from each 
group was collected. In order to remove the proteins, 
6 mg of zinc sulfate was added to each sample and 
centrifuged at 10000 g for 10 minutes at 4°C. Then, 
100 µl of each deproteinized sample was transferred 
to microplate wells and 100 μl vanadium (III) chlo-
ride, 50 μl 2% sulfanilamide (in 5% HCl) and 50 µl 
0.1% N-(1-naphthyl) ethylenediamine dihydrochlo-
ride (in deionized water) were added, respectively. 
After incubation at room temperature for 30 min, the 
absorbance was measured by a microplate reader at 
540 nm and 630 nm. The NO concentrations were 
calculated on the basis of a NaNO2 standard curve18.

Paclitaxel and T. pratense extract 
combination treatment

The cell lines were treated with paclitaxel for 48 hr 
in 96 well plates and MTT assay was performed as 
described above. The IC50 values of chemotherapy 
agent against two cancer cell lines were calculated 
using GraphPad Prism 5 (GraphPad Software Inc., 
La Jolla, CA, USA). The combination of paclitaxel 
and T. pratense extract was prepared in constant con-
centration ratio (1:31 for LNCap and 1:64 for PC3) 
based on their corresponding IC50 values in serial di-
lutions above and below the IC50 value of each agent, 
and then the MTT assay was performed again19.

Median effect analysis

To determine and quantify the nature of paclitaxel and 
T. pratense extract interaction (synergistic, additive, or 
antagonistic) in combination treatment, the combina-
tion index (CI) and dose reduction index (DRI) were 

TABLE 1. The primer sequences of key genes.

Sequence	 Genes

Caspase-3	 Forward: 5ʼ-CAAACTTTTTCAGAGGGGATCG-3ʼ
	 Reverse: 5ʼ-GCATACTGTTTCAGCATGGCAC-3ʼ	
Caspase-8	 Forward: 5ʼ-GGATGGCCACTGTGAATAACTG-3ʼ
	 Reverse: 5ʼ-TCGAGGACATCGCTCTCTCA-3ʼ	
Caspase-9	 Forward: 5ʼ-TGTCCTACTCTACTTTCCCAGGTTTT-3ʼ              
	 Reverse: 5ʼ-GTGAGCCCACTGCTCAAAGAT-3ʼ	
P53	 Forward: 5’-TAACAGTTCCTGCATGGGCGGC-3’
	 Reverse: 5’-AGGACAGGCACAAACACGCACC-3’	
Bcl-2	 Forward: 5’-TTGTGGCCTTCTTTGAGTTCGGTG-3’
	 Reverse: 5’-GGTGCCGGTTCAGGTACTCAGTCA-3’	
Bax	 Forward: 5’-CCTGTGCACCAAGGTGCCGGAACT-3’
	 Reverse:    5’-CCACCCTGGTCTTGGATCCAGCCC-3’	
Beclin-1	 Forward:  5ʹ-GCCGAAGACTGAAGGTCA-3ʼ
	 Reverse:  5ʹ-GTCTGGGCATAACGCATC-3ʼ	
LC3	 Forward:  5’-GATGTCCGACTTATTCGAGAGC-3’
	 Reverse:  5’-TTGAGCTGTAAGCGCCTTCTA-3’	
ATG-7	 Forward:  5ʹ-ATTGCTGCATCAAGAAACCC-3ʼ
	 Reverse:  5ʹ-GATGGAGAGCTCCTCAGCA-3ʼ	
GAPDH	 Forward: 5ʼ-TCCCTGAGCTGAACGGGAAG-3ʼ
	 Reverse: 5ʼ-GGAGGAGTGGGTGTCGCTGT-3ʼ
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ware (GraphPad Software Inc., La Jolla, CA, USA). 
Table 2 depicts IC50 values for the 24, 48, and 72 hr 
treatments. The results showed that all the cell lines 
responded to the cytotoxic effect of the plant extract 
in a dose- and time-dependent manner. The LNCap 
cancer cells, however, were more sensitive to the ex-
tract as shown by its IC50 values for 24, 48, and 72 hr. 
Moreover, the extract exhibited selective cytotoxicity 
in normal fibroblast cells with higher IC50 values. The 
anti-proliferative activity of the extract was further 
evaluated using the LDH measurement assay. This 
assay shows the integrity of cell plasma membrane. As 
presented in Figure 2, the LDH activity in cell culture 
medium increased with increasing concentration of 
the extract. So, cytotoxicity of extract is accomplished 
with plasma membrane damage.

T. pratense effect on apoptosis 
The apoptotic effect of the hydro-alcoholic extract 
of T. pratense was explored by TUNEL assay 
and staining the cancer cells with Ao/Eb dyes. 

with SPSS version 16.0 (SPSS Inc., Chicago, IL, 
USA) software, and differences were considered to 
be statistically significant when p < 0.05.

RESULTS

T. pratense effect on cell viability

The cytotoxic effect of the extract was evaluated on 
LNCap, PC3 and normal fibroblast cells using the 
MTT and trypan blue assays (Figure 1 A and B). The 
half-maximal inhibitory concentration (IC50) of the 
extract was estimated using GraphPad Prism 5 soft-

A

B

Fig. 1. The effect of Trifolium pretense on proliferation of LNCap, PC3 and human fibroblast cells. Cells were treated with indicated 
concentrations of extract for 24, 48 and 72 hr. Viability was determined using (A) MTT assay and (B)trypan blue staining as descri-
bed in the methods section. Control wells were treated with equivalent amount of medium alone. The data are expressed in terms of 
percentage of control cells as the means ± SD (*p<0.05; **p<0.01 compared with control).

TABLE 2. IC50 values for Trifolium pretense in the two 
prostate cancer cell lines.

	 24 hr	 48 hr	 72 hr

LNCap	 2196.44	 234.42	 93.43
PC3	 2537.64	 321.71	 152.48
Fibroblast	 169915.05	 73415.56	 1790.07

A B

Fig. 2. The effect of Trifolium pretense on LDH release from LNCap and PC3 cells. Cells were treated with extract for 24, 48 and 
72 hr. Control wells were treated with equivalent amount of medium alone. The data are expressed in terms of percentage of control 
cells as the means ± SD. (*p<0.05; **p<0.01 compared with control).
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chromatin condensation and nuclear fragmentation 
were showed in Figure 4. 

For LNCap cell line live cells with normal mor-
phology were abundant in the control group and 
12.5 μg/ml, whereas early apoptotic cells occurred 
in cells treated with 25 and 50 μg/ml, both early and 
late apoptotic cells were observed in cells treated 
with 100, 200 and 400 μg/ml, in and 800 μg/ml 
group all of the cells were in late stage. In PC3, 
live cells with normal morphology were observed 

The results of TUNEL assay showed that the ob-
served anti-proliferative effects occur through the 
mechanisms associated with apoptosis. The extract 
induced apoptosis in a concentration-dependent 
manner (Figure 3). The LNCap cell line was more 
sensitive to the extract when compared with PC3 
cell line. The apoptosis-inducing potential of the 
extract was further tested in cells using the Ao/Eb 
double staining assay. The typical morphological 
changes in apoptotic cells including cell shrinkage, 

Fig. 3. The effect of Trifolium pretense on apoptotic potential in LNCap and PC3 cells was evaluated using TUNEL staining. A, 
Control group; B, In the presence of 15.62; C, 31.25; D, 62.5; E, 125; F, 250; G, 500; H, 1000 μg/ml of T. pratense extract; and I) 
columns mean percentage of apoptotic cells from three independent experiments performed in triplicate. Control cells treated with 
serum free medium. p-values were determined using one-way-ANOVA (*p<0.05 compared with control; **p<0.01 compared with 
control).
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T. pratense effect on NO production

NO concentration in cell culture medium was as-
sessed by Griess assay. The effect of different 
concentrations of T. pratense extract on prostate 
cancer cells after 48 hr treatment indicated a dose- 
dependent decrease in NO production for both cell 
lines. The difference compared to the control group 
was significant with the 25, 50, 100, 200, 400 and 
800 μg/mL doses for LNCap and PC3 (Figure 6).

T. pratense effect in co-treatment 
with paclitaxel

The effect of paclitaxel on cell viability was evalu-
ated by MTT assay for both cell lines (Figure 7 A). 
Paclitaxel showed cytotoxic effect in a dose-depen-
dent manner in both cell lines. The IC50 values of 
paclitaxel were 6.34 nM and 5.36 nM for LNCap 
and PC3, respectively. Then, cancer cells were treat-
ed with combination of paclitaxel and T. pratense 
extract for 48 hr. Reduction in the cell viability by 

in the control group, whereas early apoptotic cells 
occurred in the group treated with 25 and 50 μg/
ml, early and late apoptotic cells were observed in 
100, 200 and 400 μg/ml and in the presence of 800 
μg/ml most of cells were in late stage (Figure 4). 
Necrosis was negligible in all tested groups. These 
morphological changes suggest that apoptosis in-
creased in cells treated with T. pratense extract in 
dose- dependent manner in both cell lines.

T. pratense effect on autophagy

The effect of the plant extract on autophagy cell 
death was also investigated by staining the cells 
with Ao dye and a fluorescent microscope. The 
results showed that T. pratense extract induced 
cell death through the activation of autophagy. The 
extract induced autophagy in a concentration-de-
pendent manner (Figure 5). The LNCap cell line 
was a bit sensitive to the extract when compared 
with other cell line.

Fig. 4. LNCap and PC3 cells were stained by AO/EB and observed under fluorescence microscope: A, Control group; B, in the 
presence of 15.62; C, 31.25; D, 62.5; E, 125; F, 250; G, 500; and H, 1000 μg/ml of Trifolium pretense extract. Control wells were 
treated with equivalent amount of medium alone. Green live cells showed normal morphology; yellow early apoptotic cells showed 
nuclear margination and chromatin condensation. Late orange apoptotic cells showed fragmented chromatin and apoptotic bodies
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DRI values for paclitaxel were >1 indicating a dose 
reduction for paclitaxel in a given therapeutic effect.

T. pratense effect on apoptotic and 
autophagic-related genes expression
The expressions of some apoptotic and autophag-
ic-related genes were evaluated using Real-time 

paclitaxel and T. pratense extract combination was 
greater than either each one alone (Figure 7 B). In 
addition, CI plot (Figure 7 C], DRI plot (Figure 
7 D), and the isobologram (Figure 7 E) were also 
presented. The results showed that the CI values 
in all combinations were smaller than 1, implying 
a synergistic effect in all combination tests. The 

Fig. 5. The effect of Trifolium pretense on autophagy was monitored by AO staining in LNCap and PC3 cells. (A) Control group 
(B) in the presence of 15.62; C, 31.25; D, 62.5; E, 125; F, 250; G, 500; H, 1000 μg/ml of extract and (I) columns mean percentage 
of autophagic cells from three independent experiments. Control wells were treated with equivalent amount of medium alone. Red 
dots indicate autophagic vesicles. p-values were determined using one-way-ANOVA (*p<0.05 compared with control; **p<0.01 
compared with control).
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disorders of the lymphatic system and a variety 
of cancers. Some studies proposed that due to its 
activity on estrogen receptors, it is contraindicated 
in people with a history of breast cancer, endo-
metriosis, ovarian cancer, uterine cancer, uterine 
fibroids, or other estrogen-sensitive conditions, but 
others have suggested the high isoflavone content 
counteracts this and even provides benefits in these 
conditions24. The present study evaluated the an-
ti-cancer activity of the T. pratense hydro-alcoholic 
extract on prostate cancer cells (LNCap and PC3) 
and normal human fibroblast cells. The results of 
this study showed that the extract had a cytotoxic 
effect towards both cancer cell lines in a dose- and 
time-dependent manner. The obtained IC50 values 
demonstrated that LNCap cells are more sensitive 
to the cytotoxic activity of the plant while normal 
human fibroblast cells, showed less sensitivity to 
the extract. The potential of the anti-cancer agent 
to distinguish between normal and cancer cells is 
an important paradigm in the design and discov-
ery of new chemotherapeutic agents. Consistent 
with this concept, trypan blue dye exclusion and 
LDH assays confirm the anti-neoplastic activities 
of the extract against cancer cell lines compared 
to the normal human fibroblast cells. T. peratense 
is known to be rich in several phytochemicals like 
isoflavones, flavonoids, pterocarpans, coumarins 
and tyramine25. Its main isoflavones are biochanin 
A, formononetin, daizdein, genistein, pratensein, 
prunetin, pseudobaptigenin, calycosin, methylo-
robol, afrormosin, texasin, irilin B and irilone26. 
Some of these phytochemicals have been reported 
to possess anti-neoplastic activities against different 
cancer cell lines. Dietary flavonoids are the most 
abundant polyphenols in plant sources and their 
activities against various cancers have also been 
reported. Several plant-derived flavonoids (sily-
marin, genistein, quercetin, daidzein, luteolin, kae-
mpferol, apigenin, and epigallocatechin 3-gallate) 

PCR. As shown in Figure 8, p53 was upregu-
lated in cells that were treated with T. pratense 
extract. Results of Real-time PCR also suggest-
ed a down-regulation of Bcl-2 and up-regulation 
of Bax mRNA expression after 48 hr treatment 
with T. pratense extract. Exposure of cells to T. 
pratense extract led to increased mRNA expres-
sion of caspase-3, 8 and 9 genes. Also the extract 
increased the LC3, beclin-1 and ATG-7 mRNA 
levels. Thus, T. pratense extract induced apoptotic 
and autophagic cell death in prostate cancer cells 
at the transcriptional level.

DISCUSSION 

Cancer, one of the leading causes of death world-
wide, is the result of multiple alterations in cellular 
signaling pathways20. Common chemotherapy is 
often accompanied by various side effects on nor-
mal tissues and cells and gradual drug resistance 
in cancer cells21. The use of plants as a source of 
human therapeutic medicine has a long history. 
Nowadays, numerous studies have reported the po-
tential of some plants in stopping or slowing growth 
in cancer cells without significant adverse effect on 
normal cells22. The mechanisms of the plants for an-
ti-cancer properties are numerous and most of them 
cause apoptotic cell death induction via intrinsic or 
extrinsic, and caspase and/or p53-dependent or in-
dependent mechanisms. Also anti-cancer potential 
of some plant is reported through induction of auto-
phagy, necrosis-like programmed cell death, mitotic 
catastrophe, and senescence23. T. Pratense is used as 
a flavor to make a sweet-tasting herbal tea. In the 
traditional medicine of India, T. pratense is used as 
deobstruent, antispasmodic, expectorant, sedative, 
anti-inflammatory, and anti-dermatosis agent. In 
alternative medicine, it is suggested as a treatment 
for a variety of human disorders, including coughs, 

Fig. 6. The effect of Trifolium pretense on NO production by LNCap and PC3 cells was measured by Griess reaction. Control wells 
were treated with equivalent amount of medium alone. The data are expressed in terms of percent of control cells as the means ± 
SD. (*p<0.05; **p< .01 compared with control).
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Fig. 7. A, The effect of paclitaxel on proliferation of LNCap and PC3 cells. B, Dose‑ effect curves for paclitaxel, Trifolium peratense 
extract, and their combination after 48 hr treatment. C, Combination index plot: The combination index is plotted as a function of Fa. 
D, Dose reduction index plot for combination: Dose reduction index values at different Fa values for each drug in the combination. 
E, Isobologram for combination: classic isobologram at IC50, IC75, and IC90. Cells were treated with indicated concentrations of 
for 48 hr. The data are expressed in terms of percent of control cells as the means ± SD. (*p<0.05; **p<0.01 compared with control).
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Fig. 8. Expression level of p53 (tumor suppressor), Bax (pro-apoptotic), Bcl-2 (anti-apoptotic), caspase-3 (required enzyme for 
execution of apoptosis), caspase-8 (mediator of extrinsic pathway) and caspase 9 (mediator of intrinsic pathway) genes in LNCap 
and PC3 cells after treatment with different concentration of Trifolium pretense extract for 48 hr was evaluated by real-time PCR. 
The data are expressed in terms of percent of control cells as the means ± SD. (*p<0.05; **p<0.01 compared with control).
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ity of coumarins is mediated by various pathways 
including inhibition of kinase, cell cycle progres-
sion, angiogenesis, heat shock protein (HSP90), 
telomerase, mitotic activity, carbonic anhydrase, 
monocarboxylate transporters, aromatase and sul-
fatase29.

To further study about the pathways of the cell 
death induced by the extract, apoptosis and autoph-
agy was evaluated using the TUNEL assay, Ao/Eb 
staining and AVO detection. DNA fragmentation 
is generally accepted as one of the biomarkers 
of apoptosis30. The results showed the concentra-
tion-dependent apoptotic and autophagic-inducing 
potential of the extract. Here again LNCap cells 
were more sensitive to the extract compared to PC3 
cell line. Unlike necrosis, apoptosis does not trigger 
an inflammatory response that destructs the nor-
mal cells in the surrounding microenvironment31. 
Cancer cells, in most cases, exhibit resistance to 
apoptosis in order to sustain their uncontrolled 
proliferation and, therefore, any apoptosis-induc-
ing agent is desirable as a chemotherapeutic agent 

have an anti-proliferative effect on some cancers 
such as prostate, colorectal, breast, thyroid, lung, 
and ovarian. Their anti-cancer effect is mediated 
by activation of apoptosis, cell cycle arrest at G1 or 
G2/M phase, inhibition of metabolizing enzymes, 
reactive oxygen species formation, vascular endo-
thelial growth factor and basic fibroblast growth 
factor. Also, some flavonoids have been reported to 
reduce cancer cells drug resistance. Genistein and 
daidzein, two members of flavonoid family, have 
noticeable anti-proliferation effect against breast 
cancer, due to their structural similarity with estro-
gen. Anti-cancer effect quercetin, another member 
of flavonoid family, against colon cancer and glio-
ma tumors, is mediated by activation of autophagy 
signaling pathway. 

Nowadays, a variety of these flavonoids are used 
in dietary supplements, but none of them have been 
approved for clinical use27. From pterocarpans fam-
ily Indigocarpan, showed anti-proliferative activity 
in human cancer cell lines via induction of caspase 
dependent apoptosis pathway28. Anti-cancer activ-

Fig. 9. Expression level of beclin-1 (key positive autophagic regulator), ATG-7 (essential autophagy gene), and LC 3 (essential for 
autophagosome formation) in LNCap and PC3 cells after treatment with different concentration of Trifolium pretense for 48 hr was 
evaluated by real-time PCR. The data are expressed in terms of percent of control cells as the means ± SD. (*p<0.05; **p<0.01 
compared with control).
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0.33 and 0.89 for LNCap and 0.58 and 0.88 for PC3 
cells. The mean CI of all tests is, 0.53 for LNCap 
and 0.71 for PC3. In other words, paclitaxel and T. 
pratense acted synergistically to reduce the viabil-
ity of prostate cancer cells. This combination also 
results in a noticeable dose reduction for paclitaxel 
and reduces its IC50s to about 3.28 and 2.64 fold 
smaller against LNCap and PC3 cells, respectively. 
Paclitaxel, like many other chemotherapeutic drugs, 
has different types of side effects. Dose reduction 
of this drug for given therapeutic effect is clinically 
very important since this reduction leads to reduced 
general side effects of chemotherapy.

CONCLUSIONS

T. Pratens could be beneficial for further devel-
opment of new chemotherapeutic agents. It also 
may be used as a dietary supplement for some 
patients who receive conventional chemotherapy 
with paclitaxel. The present data open a new pos-
sible approach in the treatment of prostate cancer. 
Investigation of the effect of T. pratense extract on 
radiotherapy response of prostate cancer cells is 
proposed. Future studies are necessary to seek if 
a combined treatment with T. pratense extract and 
paclitaxel afford a better result in in vivo models.
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