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Cytotoxic/Proliferative Effects of Umbelliprenin on Colon Cancer Cell Lines
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Background: Colon carcinoma growth depends on many factors such as, different organisms, and immune cells, which induce
and produce inflammatory cytokines. Umbelliprenin is a naturally prenylated coumarin with anti-inflammatory activities. Its
ability to induce cancer cell death has shown variation on different cancer cell lines.
Objectives: 7-Prenyloxycoumarins, including umbelliprenin have been widely investigated because of their pharmacological
activities. This paper shows the effect of umbelliprenin on colon cancer cell lines.
Material and Methods: In the present study, invasive SW48 and noninvasive SW1116 were treated with umbelliprenin (6.25, 12.5,
25, 50, 100, and 200 μM), and the cytotoxicity was determined using a methyl thiazolelydiphenyl-tetrazolium bromide (MTT) assay.
Results: Umbelliprenin had significant cytotoxic activity against SW48 cells at all study concentrations (except for 6.25 μM),
with IC50 values of 117, 77, and 69 μM after 24, 48, and 72 h, respectively. However, it was cytotoxic against SW1116 only at higher
concentrations of 100 and 200 μM (34% and 64% cell death). At lower concentrations, umbelliprenin showed a significant
proliferative effect on this noninvasive cancer cell line. Our data were validated by eye and microscopic images.
Conclusions: We found a moderate cytotoxic activity of umbelliprenin against invasive SW48 cells, and both cytotoxic and
proliferative effects on noninvasive SW1116 cells. Therefore, using umbelliprenin as an anti-inflammatory or cytotoxic compound
for patients with colon cancer should be used with care.
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1. Background
Colon carcinoma is among the most frequent cause of
cancer deaths in the majority of countries (1, 2). The disease occurs in the presence of gut flora and numerous
myeloid and lymphoid cells, which induce and produce
pro-inflammatory cytokines (3). Emerging evidence has
demonstrated the contribution of chronic inflammation
to neoplastic transformation by a variety of mechanisms
(4). Treatment regimens for patients with colon carcinoma
including surgery, chemotherapy, and molecular targeted
therapy, have been improved. Furthermore, finding novel
therapeutic targets or some supplements with anti-inflammatory and/or apoptotic properties is still under intensive research (5, 6).
7-Prenyloxycoumarins, a group of secondary metabolites, are found in plants belonging to the families of Rutaceae and Umbelliferae. Three of these metabolites; auraptene, umbelliprenin, and 7-isopentenyloxycoumarin,
have recently gained attention from researchers due to
their biological and pharmacological activities (7). Umbel-

liprenin is synthesized by various Ferula species, and it is
a constituent of a number of plant species consumed as
food such as; celery, Angelica archangelica, Coriandrum
sativum, and Citrus limon (7).
Umbelliprenin can exert antitumor activity via four main
pathways. Firstly, it has been shown that umbelliprenin
has a remarkable matrix metalloproteinase (MMP) inhibitory effect, interestingly, at minimal toxic dose levels (8).
MMPs play critical roles in tumor invasion and the inflammatory process (8). Secondly, in vitro and in vivo models
have provided evidence of antilipoxygenase, antioxidants;
and anti-inflammatory properties for umbelliprenin (9,
10). Chronic inflammation and free radicals can accelerate
several aspects of tumorigenesis (9, 11). Thirdly, this compound was proven to be chemopreventive, as it delayed
the formation of papilloma in a mouse model (12). Lastly,
it has the ability to induce apoptosis in cancer cell lines. It
was particularly cytotoxic against M4Beu metastatic pigmentated malignant melanoma cells, with cell-cycle arrest
in G1, and induction of caspase-dependent apoptosis (13).
However, the ability of umbelliprenin to induce apoptosis

Implication for health policy/practice/research/medical education:
Umbelliprenin might have proliferative effects on colon cancer; therefore, its possible administration for patients with colorectal cancer should be with
caution and care.
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varies in different cancer cell lines (12-14). The proliferative effects of umbelliprenin on normal immune cells have been
reported to be insignificant (14). No significant proliferative
activity of this compound has been reported on cancer cells,
and a limited number of publications are available regarding umbelliprenin and colon cancer (13, 15). No significant
effect of umbelliprenin on the proliferation of DLD1 cells
(invasive human colon adenocarcinoma cell line) have
been reported using a resazurin reduction test (RRT) (13).
Jabrane et al. showed no significant cytotoxic activity of umbelliprenin against two colorectal cancer cell lines; HT116
(invasive human colon carcinoma), and HT-29 (invasive human Caucasian colon adenocarcinoma cell line) by using a
methyl thiazolelydiphenyl-tetrazolium bromide (MTT) assay (15). However, umbelliprenin may differently act on the
different cell lines of a particular type of cancer (14). Moreover, colon cancer develops in a potentially inflammatory
environment (3), and umbelliprenin might still be useful in
colon cancer due to its anti-inflammatory properties (9, 10).
Therefore, its effects on colon cancer cell death and proliferation need to be clarified.

2. Objectives
In this study we employed a MTT assay, in which a decrease in MTT reduction can occur as a result of cell death
or cell proliferation inhibition, to probe the outcomes
of umbelliprenin treatment on colon cancer cells. The
SW48, an invasive human colon adenocarcinoma cell
line, and SW1116, a noninvasive cell line, were treated with
umbelliprenin. The IC50 was determined as the half inhibitory concentration of umbelliprenin that led to a 50%
decrease in the OD of the test compound compared to
the control. Subsequently, trypan blue exclusion dye was
used to calculate the percentage of cell death at the IC50
value of umbelliprenin.

3. Materials and Methods
3.1. Cell Culture
SW48 and SW1116 cell lines were purchased from the Pasteur Institute of Iran, and maintained in a complete media containing RPMI-1640 supplemented with 10% (v/v)
heat inactivated fetal bovine serum (FBS) (Gibco/BRL, Germany), 100 units/ml penicillin, and 100 μg/ml streptomycin (Biosera, The UK) under standard culture conditions
(37˚C, 5% CO2, and 95% humidity). The culture media were
changed every 2-3 days.

3.2. Umbelliprenin Preparation

Umbelliprenin (C24H30O3, MW: 366) was chemically prepared according to the method described previously by
Askari et al. (7). Umbelliprenin was dissolved in 100% dimethyl sulfoxide (DMSO) to 20 μM concentration. The stock solutions were aliquoted and kept in a refrigerator (2-8˚C). Just
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before the experiment, the stock was diluted in CM10 media
at 37˚C to obtain a maximum DMSO concentration of 1% (v/v).

3.3. MTT Assay

Exponentially growing SW48 and SW1116 cells were
trypsinized, rinsed with phosphate-buffered saline (PBS),
seeded onto 96 well plates (5×103 cells/well), and allowed
24 hours to become attached. They were then treated with
fresh medium containing umbelliprenin at different concentrations (6.25, 12.5, 25, 50, 100, 200 Mm). Untreated cells
were used as negative controls and different concentrations of DMSO were used as the solvent control. The plates
were incubated for 24, 48, and 72 hours, respectively. Then
10 μl MTT (sigma) was added to each well, and the cells
were incubated for 4 hours (37˚C 5% CO2). After discarding the media containing MTT, 150 μL DMSO was added to
each well to dissolve the formazan crystals, the plate was
foil wrapped and gently mixed at room temperature for
20 min. Finally the optical density values (OD) of the solubilized formazan product were determined by an ELIAS
reader (wavelength of 570 nm). Three independent experiments in triplicate were performed for each experiment.

3.4. Trypan Blue Staining

At the end of treatment with umbelliprenin, a freshly
prepared solution of 10 μM trypan blue (0.05% in distilled
water) was mixed to form a cellular suspension, and the
number of viable cells (not stained) were counted using
a haemocytometer. Nonviable cells appeared blue when
stained. The percentage of viability was expressed as the
number of cells, excluding those dyed. At least 200 cells
were counted per treatment.

3.5. Statistical Analysis

Results were evaluated as the mean ± standard deviation
(SD) from the three independent experiments. The difference
of umbelliprenin treated cells compared to the control cells
was measured using a one-way ANOVA analysis, followed by
Tukey Post Hoc multiple comparisons using GraphPad Prism
(version 5) software. IC50 values were calculated using Curve
Expert software version 1.3. The inhibition index (%) was calculated according to the following formula:

100- (

Absorbance of treated cells
Absorbance of corresponding control ) ×100

Proliferation index (%) was calculated based on the following formula:

(

Absorbance of treated cells
Absorbance of corresponding control ) ×100

P < 0.05 was considered significant.
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4. Results
SW48 and SW1116 cell lines were incubated with various
concentrations of umbelliprenin for; 24, 48, and 72 hours,
subsequently assayed for apoptosis using a MTT assay. We
observed that umbelliprenin was cytotoxic against SW48
cells, and that activity was dose and time-dependent. The
IC50 values were found to be 117, 77, and 69 μM after 24, 48,
and 72 hours, respectively (Figure 1). At the calculated IC50
value, the cells were treated with umbelliprenin or DMSO.
The percentage of cell death was found to be around 50%
using trypan blue exclusion dye.

Each concentration of umbelliprenin was compared
with the corresponding concentration of DMSO using
a one way ANOVA. The three P values for the; 24, 48 and
72hours experiments were all ≤ 0.0001. As indicated in
Figure 2, a Tukey Post Hoc multiple comparisons test revealed that umbelliprenin caused a significant cell death
compared to the controls, at concentrations ≥ 25 μM, in
all of the experiments. At a concentration of 12.5 μM, umbelliprenin was cytotoxic after 48 and 72 hours, and it did
not cause significant cell death at 6.25 μM concentration
in any of the experiments.

Figure 1. Umbelliprenin Induced Apoptosis in a Dose- and Time-Depen-

Figure 2. Effect of Umbelliprenin on SW48 Cells Death Measured by MTT
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The effect of umbelliprenin on SW1116 cells was different. At higher concentrations, 100 and 200 μM of umbelliprenin were cytotoxic and at lower concentrations, 25
and 50 μM showed proliferative effects (Figure 3). These
data were clearly consistent with what was observed by
microscope and presented in Figure 4.
Figure 4. The Effect of Umbelliprenin on SW1116 Cells After 48 Hours.

liprenin on invasive SW48 and noninvasive SW1116 colon
cancer cell lines, the as these two cell lines have no available data concerning umbelliprenin treatment. Umbelliprenin had moderate cytotoxicity against SW48 cells
with an IC50 of 77 μM after 48h. It was cytotoxic against
SW1116 only at higher concentrations, 100 and 200 μM
(34% and 64% cell death), but at lower concentrations,
umbelliprenin showed a significant proliferative effect
on this noninvasive cancer cell line, which was validated
by microscopic images.
Another member of prenylated coumarins, auraptene,
has a very similar structure to umbelliprenin. The only difference is the higher length of prenyl moiety in the umbelliprenin structure. Auraptene, with more potent cytotoxicity has been compared to umbelliprenin (10). One
can argue that the higher length prenyl moiety in umbelliprenin interferes with its cytotoxic activity, and even
reverses this activity. On the other hand, the proliferative
effect of umbelliprenin on SW1116 may be its exclusive
feature on this cell line model, reflecting the importance
of personalized medicine and approach in cancer (17).
In conclusion, we have studied the cytotoxic activity of
umbelliprenin against two well-known colon cancer cell
models, one invasive, and the other noninvasive. Umbelliprenin was moderately cytotoxic against them, except
at lower dose, where it caused the proliferation of noninvasive SW1116 cells. The administration of umbelliprenin
either as an anti-inflammatory or cytotoxic compound
may increase tumor growth.
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