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Abstract

eases including hepatocellular carcinoma.

prostate and colon cancerous cell lines.

cell proliferation and apoptotic cell death, respectively.

Background: The medicinal herb Tribulus terrestris L. (Zygophyllaceae) has been used for a long time to treat various kinds of dis-
Objectives: The aim of the present study was to investigate the anticancer activity of hydroalcoholic extract of T. terrestris fruit on

Materials and Methods: The activity of the extract was studied at seven different concentrations on three cell lines, human colon
adenocarcinoma (HT29), prostate carcinoma (LNCap-FGC-10) and fibroblast-like cells (HSkMC). MTT, bromo-2’-deoxyuridine(BrdU)
and terminal deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) assays were used for measuring cytotoxicity,

Results: The ICs, index of the extract of T. terrestris was obtained as 0.3 pug/mlL, 7.1 ug/mL and 8.7 ug/mL for prostate, colon and
fibroblast-like cell lines, respectively. Tribulus terrestris L. was significantly more toxic on prostate cancer cell line than on colon
cancer cell and fibroblast-like cells (P value < 1%). Quantitating BrdU incorporation at the highest concentration was determined as
0.097 and 0.018. Furthermore, the extract induced 74% and 46% apoptosis in prostate and colon cancer cells, respectively.
Conclusions: These data indicate that T. terrestris extract has cytotoxic, anti-proliferative and pro-apoptotic activities. It was less
toxic against normal human fibroblast-like cells in comparison to cancer cell lines. Further in vivo research would help explore and
interpret the potential properties of T. terrestris extract and its components as an anticancer supplement.

Keywords: HT-29, LNCap, Antitumor, Cytotoxic, Anti-proliferative, Apoptosis, Tribulus terrestris L.

.

. Background

Cancer is a major health burden at global level.
Prostate cancer is the second most common cancer and the
second leading cause of cancer death in American males.
Colorectal cancer is also the third most common cancer
diagnosed in both males and females and the third lead-
ing cause of cancer-related death in the United States (1).
Due to the diverse side effects of synthetic drugs, finding
novel pharmaceutical sources forreplacement hasbecome
very crucial. Attention toward medicinal plants has oc-
curred mainly due to promising effects of such plants in
preventing or treatment of many diseases. Today, about
70% of available anti-cancer drugs originate from plants
or other natural products (2). Therefore, the nature is still
the main source for discovering new drugs, especially an-
ticancer drugs.

Tribulus terrestris L. is a flowering plant of the Zygophyl-
laceae family and is native to tropical and temperate re-

gions. This plant is used in traditional medicine in many
countries including India and China. Tribulus terrestris
fruits are used to treat edema, abdominal distention and
sexual dysfunction. It has anti-inflammatory, anticancer,
antibacterial, and anticariogenic activities (3). This medic-
inal plant produces high levels of flavonoids, flavonol gly-
cosides, steroidal saponins, and alkaloids (3). Tribulus ter-
restris has a preventive efficacy against Ultraviolet B (UVB)-
induced carcinogenesis by scavenging free radicals and is
capable of protecting cells against chemical and oxidative
damage (4). The cytostatic effects of saponin against ma-
lignant cells and its anticancer properties have been stud-
ied (5, 6). The plant extract containing this substance has
less toxicity for normal human skin fibroblasts compared
to various types of cancer cells (7).

Kim et al. reported that aqueous extract of T. terrestris
blocks proliferation and induces apoptosis in human liver
cancer cells HepG2 (8). The current study aimed to investi-
gate the cytotoxic, anti-proliferative and apoptotic effect of
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hydro-alcoholic extract of T. terrestris plant fruit on human
prostate and colon cancer cell lines.

2. Methods

2.1. Plant Sample Collection and Extraction

The T. terrestris plant fruits were collected in the second
half of July from the foothills overlooking the city of Dama-
vand, Iran, located at 35.720 N and 52.068 E (altitude 1941
m). The specimens were transferred to the department of
pharmacognosy of the Tehran University of Medical Sci-
ences and confirmed by a herbarium specialist. The No of
the deposited sample in the herbarium was PMP 645. The
fruits were washed with distilled water and dried in dim
light for a week. Then, they were milled and extraction was
performed from the resulting powder by Soxhlet extractor,
according to the routine procedure using a solvent com-
posed of 20% distilled water and 80% methanol. Extracts
were kept in enclosed containers and stored in the refrig-
erator at 4°C until the time of tests.

2.2. Cell Culture

Human colon adenocarcinoma cell line (HT29),
prostate carcinoma cell line (LNCap-FGC-10) and fibroblast-
like cells derived from human muscle (HSkMC) were pur-
chased from the national cell bank of the Pasteur institute
of Iran. They were cultured in RPMI1640 medium with
10% fetal bovine serum (FBS) (Invitrogen, USA), and were
incubated in a 37°C incubator containing 5% CO,. The cell
viability was determined by 0.4% Trypan blue staining.

2.3. Assessment the Extract Cytotoxicity Using the MIT Assay

The MTT cell proliferation kit (Roche Applied Science,
Germany) was used for measurement of cytotoxicity rate
as recommended by the manufacturer. Based on previ-
ous studies, 0.6 pg/mL and 1.3 pg/mL of 5-Fluorouracil (5-
Fu) as positive controls for prostate and colon cancer cell
lines were used, respectively. The extract was dissolved
in RPMI1640 medium in eight concentrations of 0, 0.5,
1, 2, 5, 7, 10 and 12 pug/mL. The three cell lines were cul-
tured in 50 puL medium with cell density of 5000 cells
per well in quadruplicate rows in 96-well plate for 24 and
48 hours at 37°C. Then, 5 pL of each of the eight concen-
trations, as well as 5-Fu were added to the wells in eight
columns. After 24 hours, 5 uL MTT labeling reagent (5
mg/mL) was added to each well. After four hours the cul-
ture medium was replaced with 50 pL of fresh medium,
and 50 pL solubilization solution (10% SDS in 0.01 M HCI)
was added to each well. The next day, absorbance of the
wells was measured at 490 and 680 nm, using Biotek En-
zyme linked-immunosorbent assay (ELISA) reader (Cedex,

France). The viability percentage was calculated from the
following equation: percentage of viable cells = (Treated
cells absorbance [ control cells absorbance) x 100. The ICs,
values were calculated for all of the extracts by ED50 plus
V1.0 software.

2.4. Measurement of Cell Proliferation Rate Using BrdU Con-
sumption Assay

The inhibitory effects of the extracts on DNA synthe-
sis and cell proliferation was measured by cell prolifer-
ation ELISA, bromo-2’-deoxyuridine (BrdU) kit (Roche Ap-
plied Science, Germany), as recommended by the manufac-
turer. In this test, the three mentioned cell lines were cul-
tured in 96-well plates in a final volume of 50 ;L medium
and treated with the same mentioned concentrations of T.
terrestris plant for 24 hours at37°C.Then, 5 uL BrdU labeling
solution (100 M) was added and re-incubated for three
hoursat37°C.Then, the labeling medium was removed and
200 pl/well FixDenat solution was added and incubated
for 30 minutes at room temperature. Next, FixDenat solu-
tion wasremoved thoroughly and incubated in100 pLwell
anti-BrdU-POD solution for 90 minutes at room tempera-
ture. After removing antibody conjugate and rinsing three
times with 200 pL/well PBS,100 pLjwell substrate solution
(TMB) was added to each well for 20 minutes. Finally, the
absorbance was measured at370 nm and 490 nm using the
Biotek ELISA reader.

2.5. Apoptotic Cell Death Diagnostic Test by the Terminal De-
oxynucleotidyl Transferase Mediated dUTP Nick End Labeling
(TUNEL) Method

In situ cell death detection terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling (TUNEL) kit
TMR Red (Roche Applied Science, Germany) was used to
identify cell death resulting from addition of the extract,
according to the manufacturer’s protocol. The prostate
and colon cancer cell lines were cultured on sterile cover
slip in six-well plates and treated with 7 ug/mL of the ex-
tract for 24 hours. Then the slides were fixed for one hour
with 4% paraformaldehyde, permeabilized by 0.1% Triton
X-100 for two minutes and incubated with 50 pLjwell
TUNEL reaction mixture in dark humidified incubator at
37°C for one hour. Finally, the cover slips were washed
twice with Phosphate Buffered Saline (PBS), dehydrated
and mounted. Then the cells were observed under fluores-
cence microscope (Axioplan 2, Zeiss, Germany) (excitation
and detection at 540 and 580 nm, respectively). Five ran-
dom fields were photographed by Canon PowerShot A620
camera, and the apoptosis percentage was calculated as a
percentage of positively stained cells among other cells.
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2.6. Experimental Design and Statistical Analysis

In order to assess the cytotoxicity and cell proliferation
rate in the presence of extract, the experiments were re-
peated four times, and the results of MTT and BrdU were
estimated as viability percentage and absorption rate, re-
spectively. The analysis of variance (ANOVA) results and
mean comparison of data of four replicates were studied
using SPSS statistical software. The means of viability per-
centage by MTT method were compared by the Dunnett’s
testand the treatments means in measuring cell prolifera-
tion rate were compared by Duncan’s multiple range test.
APvalue of < 0.01 was considered statistically significant.

3. Results

3.1. Evaluation of Cytotoxicity Using the MIT Method

To assess toxicity of the extract, each of the three cell
lines were treated with seven different concentrations of
T. terrestris for 24 and 48 hours and the MTT test was per-
formed. Visual observations indicated that viability of can-
cer cell lines were increasingly reduced while the concen-
trations of the extract were increased. The cells exhibited
some manifestation of cell death particularly at high con-
centration (5 ug/mL and above). The morphology of the
cells altered into a spherical shape. Moreover, the nucleus
shrunk and became denser and the cell membrane blis-
tered. The cell debris due to cell destruction was clearly vis-
ible in culture medium. Morphological changes induced
by the extract were more prominent on prostate cancer cell
line compared to colon cancer cell line. Such morphologi-
cal changes were not observed in untreated cells (Figures 1
and 2). Nearly all concentrations of the extract triggered
massive cell death after 48 hours of treatment in all cell
lines.

The Dunnett’s test output indicated that 99% of the re-
duction in viability of the prostate cancer cell lines, 97% of
the reduction in viability of the colon cancer cell lines, and
90% of the reduction in viability of the HSkMC cells were at-
tributable to the T. terrestris extract. The minimum percent-
ages of cell viability in prostate, colon cancer and HSkMC
cells were 13.8%, 27.9% and 42.4% at12 pg/mL concentration
of the extract, respectively.

The IC5, index of the extract of T. terrestris was obtained
as 0.3 pg/mlL, 7.1 pg/mL and 8.7 ug/mL for prostate, colon
and HSKMC cells, respectively. The extract was significantly
more toxic on prostate cancer cell line than colon cancer
cell and HSkMC cells. The viability of the prostate cancer
cell lines decreased sharply at minimum concentration of
0.5 pg/mL and above (P < 1%). However, the extract was not
lethal atlower concentrations for colon cancer cells. There-
fore, only at concentration of 7 ;ig/mL and more the toxic-
ity was significant (P < 1%) (Figure 3).
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3.2. Evaluation of Cell Proliferation Rate Using BrdU Test

In order to determine whether growth inhibitory ef-
fect of T. terrestris extract was due to the inhibition of pro-
liferation, its effect on the rate of cell proliferation was an-
alyzed by measuring BrdU incorporation into DNA in the
three cell lines. The cell lines were treated with seven con-
centrations of the extract for 24 hours, and then the incor-
porated BrdU was measured. The results showed the pro-
liferation of all cell lines decreased markedly at 1 pzg/mL
and above (P < 1%). However, at lower concentrations (less
than 1 pg/mL) it had no suppressive effect on proliferation
of HSKMC cells. The Duncan’s test indicated that 93% of re-
duction in prostate cancer cell proliferation, 94% in colon
cancer cells and 92% in HSKMC cells were due to the plant
extract. The proliferation of colon cancer cells was most
inhibited by 0.5 - 5 p1g/mL concentrations of the extract,
while the prostate cells were less inhibited than colon and
HSKMC cells (P < 1%) (Figure 4).

3.3. Evaluation of in Situ Cell Death by the TUNEL Assay

In the last part of the study, the effect of T. terrestris ex-
tract on inducing apoptotic death was studied. Prostate
and colon cancer cell lines were treated with 7 ug/mL of
the extract for 24 hours, and then, the TUNEL test was per-
formed. As shown in Figure 5, both treated cells demon-
strated red fluorescence indicative of apoptotic cell death.
However, no fluorescence signal was observed in the neg-
ative control. The test showed 74% and 46% apoptotic cell
death in prostate and colon cancer cells, respectively (Fig-
ure 5).

4. Discussion

The purpose of this study was to evaluate the effect of
T. terrestris fruit extract on viability, proliferation and in-
duction of death in two cancer cells and normal fibroblast-
like cells. The minimum percentages of cell viability in
prostate, colon cancer and HSKMC cells were 13.8%, 27.9%
and 42.4% at12 ug/mL concentration of the extract, respec-
tively. Thus, cytotoxic effects of the extract on fibroblast
cells were less than prostate and colon cancer cell lines
(Figure 3). This result is consistent with the results of Ney-
chev et al. in which lower toxicity of the plant extract
was observed for fibroblast cells in comparison to can-
cer cells (7). Also, the ICs, index of the extracts indicates
more mortality in the prostate cancer cells compared to
the two other cells, which indicates the greater sensitivity
of prostate cancer cells. More than 90% of the reduction
in proliferation of all of the cells was due to the extract. As
the concentration of the extract increased, the DNA synthe-
siswas decreased at a significant level in all three cell lines.
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Figure 1. The Morphological Changes of LNCap-FGC-10 Cells Treated with Tribulus terrestris Extract for 24 Hours

A, negative control 0 p1g/mL; B, 0.5 ug/mL; C, 1 ug/mL; D, 2 pug/mL; E, 5 pug/mL; F, 7 ug/mL; G, 10 pug/mL; H, 12 pog/mL.
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Figure 2. The Morphological Changes of HT29 Cells Treated with Tribulus terrestris Extract for 24 hours

A, Negative control 0 pg/mL; B, 0.5 pug/mL; C, 1 pug/mL; D, 2 pug/mL; E, 5 pug/mlL; F, 7 7pg/mL; G, 10 peg/mlL; H, 12 pog/mlL.
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Figure 3. The Cytotoxic Effects of Tribulus terrestris Extracts on the LNCap-FGC-10 ,
HSKMC and HT29 cell lines
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The cells were incubated with seven concentrations of T. terrestris extract for 24 hours
in MTT test. 5-FU was used as a positive control drug. Data were presented as the
mean =+ standard error of independent quadruplicate experiments and analyzed
in Duncan’s test (* indicates P < 0.01).

Figure 4. Dose Response Curve of the Tribulus terrestris Extract Effect on LNCap-FGC-
10, HSKMC and HT29 Cell Proliferation
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The data were expressed as the absorbance of BrdU incorporation. The cells were
incubated with seven concentrations of extracts for 24 hours in the BrdU test. The
mean of the groups were compared by Dunnett’s test (* indicates P < 0.01).

This indicates the suppressor effect of the extract on cell
proliferation (Figure 4). Similar to this result, Kim et al. re-
ported the lowering effects of aqueous extract of T. terrestris
plant on liver cancer cell line (8).

Treatment with 7 pg/mL of the extract triggered 74%
and 46% apoptotic death in prostate and colon cancer cell
lines, respectively. Since only specific ligands such as FAS
ligand and tumor necrosis factor (TNF) can stimulate ex-
ternal pathway of apoptosis, it is unlikely that compo-
nents of the extract act through extracellular pathways
of apoptosis. However, a wider range of damage includ-
ing DNA damage and disturbance in mitochondrion mem-
brane can launch the intrinsic pathway of apoptosis. How-
ever, internal or external pathways launched by the ex-
tract need further studies. Furthermore, to identify which
components of the extract induce apoptosis, all of them
should firstly be isolated individually by GC-MS or prepara-
tive HPLC and then their effects on the cells should be stud-
ied. Kim et al. reported thatT. terrestris extract could trigger

apoptosis in liver cancer cell by preventing the NF-xB fac-
tor signaling (8). This finding confirms their observation,
however we cannot conclude that inhibition of NF-xB sig-
naling is the sole mechanism involved in apoptosis in our
study.

Comparison of T. terrestris extract effects on prostate
and colon cancer cells indicates higher sensitivity of the
prostate cancer cells than the colon cancer cells. This is
also demonstrated by the TUNEL test. It is supposed that
the effects of the extract are related to the saponin com-
ponent present in Tribulus terrestris. In the study of Be-
dir et al., steroidal saponins purified from this plant were
used against several cancer cell lines and exhibited a broad
range of anticancer activity (5). Molecular mechanisms of
saponins include: rapid onset of apoptosis and suppres-
sion of cell proliferation, which are related to initial acti-
vation of caspase 3, P-ERK1/2 and Dephosphorylation genes
(5,9,10).

The result of our study on prostate cancer cells is sim-
ilar to their result, thus a high power of the extract is ev-
ident in all three tests. The prostate cancer cells experi-
enced 74% apoptosis at 7 ug/mL concentration. Only 15% of
the cells survived during the MTT test at the same concen-
tration. In analysis of BrdU test, the highest rate of DNA
synthesis prevention was at 12 ug/mL. The tests results re-
garding colon cancer cell line were also similar and the out-
puts of three tests were consistent with each other. How-
ever, the cytotoxic effects and prevention of DNA synthesis
were not significant at less than 5 pg/mL. Studying the be-
havior of colon cancer cells indicates 32% viability and 46%
apoptosis at 7 ug/mL concentration.

Collectively, our results indicate that colon cancer cells
were less sensitive to the plant extract than prostate can-
cer cells and fibroblast-like cells are more resistant than
both cancer cells. However, since our experiments were
performed at in vitro conditions, for clinical utilization, it
isnecessary to further analyze their anticancer effects with
in vivo conditions.
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Figure 5. TUNEL Labeling of LNCap-FGC-10 Cells (A-F)

Aand B exhibit positive control (all of the nucleuses were stained in DNase I treated cells). Cand D negative control (without terminal transferase) no fluorescence was detected
in the nucleus. E and FTUNEL labeling of LNCap- FGC-10 cells treated with 7 j+g/mLT. terrestris extract for 24 hours. TUNEL labeling of HT29 cells (G-L). G and H exhibited positive
control (all of the nucleuses were stained in DNase I treated cells.).  and ] negative control (no fluorescence was detected in the nucleus). Kand L TUNEL labeling of HT29 cells
treated with 7 ug/mLT. terrestris extract for 24 hours. The left pictures correspond to the same field, which were taken under light microscope. The same field under fluorescent
microscope are on the right.
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