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DNA fragmentation and apoptosis induced by safranal in 
human prostate cancer cell line
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ABSTRACT
Objectives:Objectives:  Apoptosis, an important mechanism that contributes to cell growth reduction, is reported to be induced by 
Crocus sativus (Saffron) in different cancer types. However, limited effort has been made to correlate these effects to the 
active ingredients of saffron. The present study was designed to elucidate cytotoxic and apoptosis induction by safranal, 
the major coloring compound in saffron, in a human prostate cancer cell line (PC-3).
Materials and Methods:Materials and Methods: PC-3 and human fetal lung fi broblast (MRC-5) cells were cultured and exposed to safranal (5, 10, 
15, and 20 g/ml). The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed to assess 
cytotoxicity. DNA fragmentation was assessed by gel electrophoresis. Cells were incubated with different concentrations 
of safranal, and cell morphologic changes and apoptosis were determined by the normal inverted microscope, Annexin 
V, and propidium iodide, followed by fl ow cytometric analysis, respectively.
Results:Results: MTT assay revealed a remarkable and concentration-dependent cytotoxic effect of safranal on PC-3 cells in 
comparison with non-malignant cell line. The morphologic alterations of the cells confi rmed the MTT results. The IC50 
values against PC-3 cells were found to be 13.0 ± 0.07 and 6.4 ± 0.09 g/ml at 48 and 72 h, respectively. Safranal induced 
an early and late apoptosis in the fl ow cytometry histogram of treated cells, indicating apoptosis is involved in this toxicity. 
DNA analysis revealed typical ladders as early as 48 and 72 h after treatment, indicative of apoptosis.
Conclusions:Conclusions: Our preclinical study demonstrated a prostate cancer cell line to be highly sensitive to safranal-mediated growth 
inhibition and apoptotic cell death. Although the molecular mechanisms of safranal action are not clearly understood, it 
appears to have potential as a therapeutic agent.
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INTRODUCTION

Prostate cancer represents a major health problem for 
men worldwide. Mortality from prostate cancer results 
from metastases to the bones and lymph nodes. The 
mainstream treatment strategy for advanced prostate 
cancer is generally classifi ed into three categories: 
Surgery, radiation therapy, and chemotherapy.[1] 

Despite the initial success of chemotherapy, most patients 
with advanced prostate cancer develop resistance to 
chemotherapy.[2,3] Thus, there is a potential role for newer 
chemopreventive compounds that can prevent or slow the 
progression of cancer.[4]

In view of the renewed interest in chemopreventive plant 
agents, evidence from epidemiological, in vivo and in vitro 
experimental studies indicates that natural products might 
protect against the development of various diseases, 
including cancer.[5,6] Crocus sativus L., commonly known as 
saffron since ancient times is harvested from the dried, dark 
red stigmas of C. sativus fl owers. It has been used not only 
as a spice for fl avoring and coloring food and as a perfume, 
but also for treating several diseases. Recent data show that 
C. sativus extract possesses anticarcinogenic (inhibition of 
chemical carcinogenesis) and antitumor (inhibition of tumor 
growth) in vivo and in vitro activities.[7-9] Furthermore, 
modern pharmacological studies have demonstrated 
that C. sativus extract or its active constituents have 
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anticonvulsant,[10] antidepressant,[11] anti-infl ammatory,[12] 
and antitumor effects, radical scavenging, as well as learning 
and memory improving properties.[3,13] C. sativus extract 
also has chemopreventive and genoprotective effects 
and protects from genotoxin-induced oxidative stress in 
mice.[5,7,14,15] Characteristic compounds of C. sativus include 
crocin, safranal, picrocrocin, crocetin, and -carotene.[16,17] 
It was shown that these C. sativus ingredients inhibited 
different types of tumor cell growth, with crocetin having 
no effect on colony formation of tumor cells, although it 
had a dose-dependent inhibitory effect on DNA, RNA, and 
protein synthesis of different human malignant cells.[17,18] 
The aim of the present study was to assess the cytotoxicity 
and apoptotic effects of safranal, the active constituent of 
C. sativus stigmas, on human prostate cancer cells.

MATERIALS AND METHODS

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) was purchased from Amerso (NY, USA). 
RPMI 1640 was purchased from Gibco BRL (Grand Island, 
NY, USA). Annexin V–FITC (fl uorescein isothiocyanate) 
was obtained from Invitrogen Corporation (USA). Fetal 
bovine serum was purchased from PAA Laboratories GmbH, 
Austria. Safranal (5,7-dihydroxyfl avone) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). The apoptosis 
ladder detection kit was from Wako Pure Chemical 
Industries (Osaka, Japan).

Two different cell lines were used in this study. The human 
prostate cancer cell line (PC-3) and the human fetal lung 
fi broblast cell line (MRC-5) were obtained from Pasteur 
Institute (Tehran, Iran). The cells were cultured either in 
96-well tissue (TC) plate (NUNC, Wiesbaden, Germany) 
or in 25-cm2 TC fl asks (NUNC). Cells were cultured in CO2 
incubator MCO-17AI (Sanyo Electric Co., Ltd, Osaka, Japan) 
at 37°C in 95% humidifi ed atmosphere enriched by 5% CO2 
and subcultured every 3-4 days. The malignant (PC-3) and 
the nonmalignant (MRC-5) cells were cultured in Dulbecco’s 
Modifi ed Eagle’s Medium (DMEM) supplemented with 
10% (v/v) fetal bovine serum (Gibco–Invitrogen, Germany), 
100 U/ml of penicillin (Gibco–Invitrogen), and 100 g/ml 
streptomycin (Gibco–Invitrogen).

Cell viability was measured using the MTT assay, which 
is based on the conversion of MTT to formazan crystals 
by mitochondrial dehydrogenases. Briefly, PC-3 and 
MRC-5 cells were plated at a density of 1 × 103 cells/ml in 
96-well plates and allowed to attach for 24 h, resulting in log 
phase growth at the time of drug treatment. Safranal (5, 10, 
15, and 20 g/ml) was added to the wells for 24, 48, and 
72 h. After treatment, 10 ml MTT was added to each well. 
After 4 h of incubation at 37°C, the solution was removed 
and the produced formazan was solubilized in 100 ml of 
dimethyl sulfoxide (DMSO). Absorbance was measured at 
550 nm using an automated microplate reader (Bio-Rad 550). 

Cell viability was expressed as a percentage of the value for 
control cultures. The cytotoxic effects of safranal on PC-3 
were expressed as IC50 values (the drug concentration that 
reduced the absorbance of treated cells by 50% compared 
to untreated cells). All experiments were carried out in 
triplicate.

Morphologic studies by using normal inverted microscope 
were carried out to observe the morphologic changes of 
cell death in malignant (PC-3) and nonmalignant (MRC-5) 
cell lines elicited by different concentrations of safranal. 
Concentrations of 0, 10, 15, and 20 g/ml of safranal were 
used for the morphologic studies. The untreated cells served 
as the negative control. The morphologic alterations of the 
cells were visualized under the normal inverted microscope 
48 h post-treatment.

Low-molecular-weight genomic DNA was extracted as 
described previously.[19] In brief, approximately 1 × 106 cells 
were plated and treated with 20 M (PC-3 cells) of 
safranal for various treatment hours (24, 48, and 72 h). 
All the cells (including fl oating cells) were harvested by 
trypsinization and washed with Dulbecco`s Phosphate 
Buffered Saline. Cells were lysed with the lysis buffer 
containing 10 mM Tris (pH 7.4), 150 mM NaCl, 5 mM 
ethylenediaminetetraacetic acid (EDTA), and 0.5% Triton 
X-100 for 30 min on ice. Lysates were vortexed and cleared 
by centrifugation at 10,000 g for 20 min. Fragmented 
DNA in the supernatant was extracted with an equal 
volume of neutral phenol:chloroform:isoamyl alcohol 
mixture (25:24:1) and analyzed electrophoretically on 2% 
agarose gels containing 0.1 g/ml ethidium bromide.

Apoptotic cell death was measured using a fl uorescein 
isothiocyanate (FITC)-conjugated Annexin V/propidium 
iodide (PI) assay kit by fl ow cytometry. Briefl y, 5 × 105 cells 
were washed with ice-cold phosphate-buffered saline (PBS), 
resuspended in 100 l binding buffer, and stained with 5 l 
of FITC-conjugated Annexin V (10 mg/ml) and 10 l of 
PI (50 mg/ml). The cells were incubated for 15 min at room 
temperature in the dark, 400 l of binding buffer was added, 
and the cells were analyzed (FACScan, Becton-Dickinson, 
NY, USA). The PC-3 cells were gated separately according 
to their granularity and size on forward scatter (FSC) 
versus side scatter (SSC) plots. Early and late apoptosis was 
evaluated on fl uorescence 2 (FL2 for propidium iodide) 
versus fl uorescence 1 (FL1 for Annexin) plots. Cells stained 
with only Annexin V were evaluated as being in early 
apoptosis; cells stained with both Annexin V and propidium 
iodide were evaluated as being in late apoptosis or in a 
necrotic stage.

All results were expressed as mean ± SEM. Signifi cance 
was evaluated using analysis of variance (ANOVA) and 
Bonferroni’s test. A probability level of P < 0.05 was 
considered statistically signifi cant.
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RESULTS

To discriminate between the effects of safranal on the 
malignant (PC-3) and non-malignant control (MRC-5) cells, 
they were exposed to increasing concentrations of safranal 
for 24, 48, and 72 h. PC-3 cells were incubated with various 
concentrations of safranal for 24, 48, and 72 h and MRC-5 cells 
were incubated with different concentrations of safranal for 
24 h. The impact of safranal on cell viability was quantitated 
48 h post-exposure by the MTT assay. While there was no 
signifi cant effect from any concentration of safranal on the 
viability of MRC-5 cells, there were signifi cant decreases in 
the viability of PC-3 cells at concentrations of 15 and 20 g/ml 
after 24 h of safranal treatment (*P < 0.05 and **P < 0.01, 
respectively) [Figure 1]. Exposure of PC-3 cells to safranal 
signifi cantly inhibited growth in a dose- and time-dependent 
manner (P < 0.001). Although there was no signifi cant effect 
from the low concentration of safranal after 24 h (5 and 
10 g/ml), there were signifi cant decreases in viability of 

PC-3 cells at concentrations of 5, 10, 15, and 20 g/ml after 
48 and 72 h of safranal treatment (P < 0.001) [Figure 1]. The 
IC50 dose for PC-3 cells was determined to be 13.0 ± 0.07 and 
6.4 ± 0.09 g/ml at 48 and 72 h, respectively.

After 48 h co-culture of the cells with different concentrations of 
safranal (0, 10, 15, and 20 g/ml), cell population was decreased 
as compared to the control and also morphologic changes were 
observed in the prostate cancer cells versus MRC-5 cells, which 
consisted of reduction in number of living cells, cell volume 
and rounding until the nucleus constituted the majority of the 
cellular volume. There was observationally severe reduction of 
malignant cells (PC-3) compared to MRC-5. This cytotoxicity 
was increased at higher concentrations [Figure 2].

In order to delineate the mechanism of cell death mediated 
by safranal, we performed DNA fragmentation assay, which is 
characteristic for apoptosis. We treated the cells at various time 
intervals (24, 48, and 72 h), and DNA was then isolated and 
analyzed by agarose gel electrophoresis. Following agarose gel 
electrophoresis of PC-3 cells treated with 20 g/ml of safranal, 
a typical ladder pattern of internucleosomal fragmentation 
was observed in cells after 48 and 72 h of safranal treatment. 
Low-molecular-weight DNA from these cells was resolved in 
2.0% agarose gels [Figure 3]. These data suggest that safranal 
is a potent inducer of apoptosis in PC-3 cells.

PC-3 cells were treated with 10 and 20 g/ml safranal for 
48 h to determine whether safranal induced apoptosis. After 
treatment, the cells were harvested and apoptosis was examined 
by fl ow cytometry [Figure 4]. Quantitative analysis using the 
Annexin V/PI assay showed that the proportion of early stage 
apoptotic cells (Annexin V+/PI−) increased signifi cantly from 
1.6% to 28.32% and the proportion of late stage apoptotic 

Figure 1: Effect of safranal on cell viability of PC-3 and MRC-5 cells. Cells were 
treated with different concentrations of safranal for 24, 48, and 72 h. Viability 
was quantitated by MTT assay. Results are mean ± SEM. *P < 0.05, **P < 0.01, 
and ***P < 0.001 at different time points compared to controls

Figure 2: Comparison of cytotoxicty effect of safranal on cell viability of prostate cancer (PC-3) and non-malignant (MRC-5) cell line after 48 h. Morphologic changes 
of cells after treatment with different concentrations of safranal. 1: MRC-5 cell line; 2: PC-3 cell line; a = 0; b = 10; c = 15, and d = 20 g/ml safranal

dcba
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cells (Annexin V+/PI+) increased signifi cantly from 1.5% to 
36.7% [Figure 5]. Apoptosis induced by 10 and 20 g/ml of 
safranal was signifi cantly greater than in untreated cells and 
the percentage of early and late apoptotic cells signifi cantly 
increased with safranal concentrations (***P < 0.001).

DISCUSSION

This is an important facet of biomedical research, providing a 
practical approach for identifying potentially useful inhibitors 

of tumor development and offering an opportunity to study 
the molecular mechanism of tumorigenesis. According to 
Cragg an d Newman (2000),[20] over 50% of the drugs in 
clinical trials for anticancer activity are isolated from natural 
sources or their ingredients. This has resulted in greater 
confi dence in natural products as important sources for the 
development of effective anticancer agents.[21] Several drugs 
currently used in chemotherapy are isolated from plant 
species.[22] The aim of our study was to determine the effect of 
safranal on human prostate cancer cells (PC-3). The rationale 
for this study was on the basis of several data that linked 
C. sativus to the treatment of various diseases,[23,24] together 
with the recently found favorable antitumoral action of 
C. sativus.[25] The characteristic components of C. sativus are 
crocin (responsible for the color), picrocrocin (responsible 
for its bitter taste), and safranal (responsible for odor and 
aroma). To our knowledge, no study of the effects of the 
active constituent of C. sativus, safranal, on prostate cancer 
has been reported till date. C. sativus extract signifi cantly 
inhibited the colony formation and cellular DNA and RNA 
synthesis, whereas inhibition of protein synthesis was 
not detected.[16] Crocetin, an ingredient from C. sativus, 
inhibited intracellular nucleic acid and protein synthesis 
in malignant human cell lines and had no effect on colony 
formation.[26,27] The 50% inhibition (ID50) of growth of 
hu  man chronic myelogenous leukemia K562 cells and 
promyelocytic leukemia HL-60 cells by dimethylcrocetin, 
crocetin, and crocin was reached at concentrations of 0.8 and 
2 mM, respectively.[16,28] Cytotoxicity of dimethylcrocetin 
and crocin to various tumors cell lines (DLA, EAC, S-180, 

Figure 3: DNA fragmentation of PC-3 exposed to safranal. Fragmentations of 
genomic DNA in PC-3 cells were treated with 20 g/ml of safranal for 24, 48, 
and 72 h. DNA laddering formation was viewed on ethidium bromide-stained 
gel (2%) and photographed by UV illumination. M, molecular weight marker; 
C, DMSO control

Figure 4: Assessment of apoptosis by Annexin V/PI on human prostate cancer cells (PC-3). The cells were treated with 10 and 20 g/ml safranal for 48 h (symbol 
II, III) or media only (control symbol I), and apoptosis was examined by fl ow cytometry after Annexin V/PI double staining. Necrotic cells lose membrane integrity, 
permitting PI entry. Viable cells exhibit Annexin V (−)/PI (−); early apoptotic cells exhibit Annexin (+)/PI (−); late apoptotic cells or necrotic cells exhibit Annexin V (+)/PI (+)
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L1210 leukemia, and P388 leukemia) and to human primary 
cells from surgical specimens (osteosarcoma, fi brosarcoma, 
and ovarian carcinoma) was detected.[14] It has been shown 
that the inhibitory effect of C. sativus extract on the in vitro 
growth of HeLa cells was partly due to crocin.[13]

The present study is the fi rst to examine the effect of safranal 
on anti-proliferative activity against human prostate cancer 
cells. We found that safranal had good cytotoxicity against 
PC-3 cells, but was less sensitive to normal human cells, based 
on the high IC50 value. The high sensitivity of malignant 
cells may in part reflect the difference in growth rates 
between malignant and non-malignant cells. The differences 
in sensitivity to the effect of C. sativus and its main ingredients 
in normal and malignant cells could be due to the existence 
of distinct cell surface receptors, intracellular retention 
transport, differences in the uptake of certain drugs, or 
in the methods used for the extraction and assessment of 
toxicity.[28-33] These fi ndings correlate with our previous studies 
in which C. sativus plant displayed selective killing against 
cancer cells.[9,34] This selective cytotoxic effect is an important 
criterion because the currently available drugs target normal 
cells as well and lead to side effects. Experimental results imply 
that the cytotoxic behavior of safranal toward PC-3 cells was 
selective. Safranal treatment inhibited PC-3 cell growth 
in a dose- and time-dependent manner [Figure 1]. Based 
on morphologic changes identifi ed by inverse microscopy, 
typical morphologic characteristics of apoptosis and the 
reduction of the cells were observed [Figure 2]. One of 
the biochemical hallmarks in the apoptotic process is the 
formation of nuclear DNA fragmentation, which shows the 
presence of typical ladder DNA fragments of 180-200 base 
pairs and multiples thereof on an agarose gel. In contrast, 
random cleavage of DNA in necrotic cells will produce a 
diffuse smear upon electrophoresis of DNA. Hence, DNA gel 
electrophoresis method was used to determine the possible 
mode of cell death caused by safranal. No ladder formation 
was observed in untreated cells. Thus, cytotoxic effect 
of safranal treatment allows the appearance of apoptotic 

DNA fragments on agarose gel, and safranal treatment on 
prostate (PC-3) cancer cell line was mediated via an apoptotic 
mechanism. The presence of phosphatidylserine on the outer 
leafl et of apoptotic cells membrane was then assessed using 
Annexin V staining to quantify the amount of cells in the 
early and/or late stage of apoptosis. The numbers of early and 
late apoptotic cells increased in a dose-dependent manner for 
PC-3 cells [Figures 4 and 5]. Our fi ndings after using Annexin 
V–FITC/PI labeling indicated that safranal could induce 
apoptosis in a dose-dependent manner. They suggested that 
the growth inhibition of safranal for cancer cells is caused 
by apoptosis. We previously analyzed the anti-proliferative 
and apoptotic effects of C. sativus on the lung cancer tumor 
cells by MTT assay and Annexin V–FITC, respectively. We 
found that C. sativus decreased (by over 50%) the viability of 
malignant cells after 48 h.[12] This potent cytotoxic effect of 
C. sativus, combined with the demonstrated role of safranal 
as the main and active constituent of C. sativus in its various 
medical uses makes safranal as a candidate target for prostate 
cancer treatment. Based on the fact that C. sativus showed 
signifi cant antitumor effects against several cancer cells and 
on the importance of safranal as one of the main compounds 
in C. sativus, attempts were made to examine its antitumor 
activities and possibly involved mechanisms against human 
prostate cancer cells. In our experimental setting, safranal was 
found to substantially decrease the MTT uptake of the studied 
human prostate cancer cell line. All these results suggest 
that safranal treatment can induce cell death of PC-3 cells 
via apoptosis.

Assimopoulou et al. showed that safranal (500 ppm in 
methanol solution) possesses a 34% radical scavenging 
activity possibly due to its potential to provide a hydrogen 
atom for the DPPH radical.[35] By means of deoxyribose, 
erythrocyte membrane lipid peroxidation, and liver 
microsomal non-enzymatic lipid peroxidation methods, 
the antioxidant activity of safranal was evaluated in vitro. 
Safranal showed hydroxyl radical scavenging activity 
dose-dependently in deoxyribose assay and decreased 
malondialdehyde generation in RBC, lipid peroxidation 
induced by H2O2, and liver microsomal non-enzymatic 
lipid peroxidation.[12] Thus, safranal shows some antioxidant 
properties. The antioxidant and cytotoxic activities of 
safranal could render it as a source of anticancer metabolites. 
Antioxidant properties of safranal might prevent the 
progression of cancer, while the cytotoxic potential, on 
the other hand, might be used against cancer cells, thereby 
directing them toward apoptosis and cell death.

The interaction between calf-thymus DNA and safranal (0.13 
and 3.125 mM) under physiological conditions was evaluated 
by FTIR and UV-visible difference spectroscopic methods in 
order to assess binding sites and binding constants. Also, the 
effect of safranal on DNA duplex stability and conformation 
was monitored. Higher levels of DNA vibrations at higher 
safranal concentrations were described to be related to 

Figure 5: Assessment of apoptosis by Annexin V/PI on human prostate cancer 
cells (PC-3). Percentage of cell death based on the assessment of apoptosis by 
Annexin V/PI. *** indicates P < 0.001 compared to control
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helix destabilization. Safranal has an inhibitory effect on 
the intracellular nucleic acid and protein synthesis in 
malignant cells as well as on protein kinase C (PKC) and 
proto-oncogene in INNIH/3T3 cells, which is most likely 
due to their antioxidant activity.[36,37]

Safranal was able to induce apoptosis in the cell lines 
tested. It showed a dosage-dependent increase of apoptotic 
fragments at the tested doses. A number of previous 
studies suggest that C. sativus possesses antitumor and 
anticarcinogenic activities and has no cytotoxic effect on 
non-malignant cells. It is interesting to note that C. sativus 
exhibited cytotoxic inhibitory activity against different 
animal and human malignant cells.[6,8,38] Our pervious study 
indicated that the C. sativus extract had a dose-dependent 
inhibitory effect on human cancer cells in vitro, but had 
no effect on normal human cells.[9,34] Potential compounds 
responsible for the inhibitory effect of C. sativus on tumor 
cell growth are its carotenoid ingredients. Additional 
studies are required for determining the biological effect 
of the C. sativus ingredients. In natural product-based 
drug discovery and development, necrosis may occur along 
with apoptosis. This has been shown in many anticancer 
drugs such as cladribine, cisplatin, doxorubicin, and 5′ 
fl uorouracil, which possess both apoptotic and necrotic 
effects.[39,40] In necrotic cell death, plasma membrane 
integrity is lost and this leads to the leakage of cytoplasmic 
contents into the extracellular environment, causing an 
infl ammatory reaction.[41] Quantitative analysis using the 
Annexin V/PI assay as an indicator of apoptosis and necrosis 
demonstrated that safranal, having apoptotic activity, also 
possesses minimal capacity of inducing necrotic cell death 
on PC-3 cells.

Different hypotheses for the modes of anticarcinogenic 
and antitumor actions of C. sativus and its component, 
safranal, have been proposed:[8] 1. the inhibitory effect 
on cellular DNA and RNA synthesis, but not on protein 
synthesis; 2. the inhibitory effect on free radical chain 
reactions, because most carotenoids are lipid-soluble and 
might act as membrane-associated high-efficiency free 
radical scavengers; 3. the metabolic conversion of naturally 
occurring carotenoids to retinoids; and 4. the interaction of 
carotenoids with topoisomerase II, an enzyme involved in 
cellular DNA–protein interaction. Thus, although several 
hypotheses have been put forward, the exact mechanism (s) 
of anticarcinogenic and antitumor effects of C. sativus and 
its main constituents are not clear at present. The bioactive 
compound of C. sativus, safranal, is believed to possess 
cytotoxicity toward prostate cancer cells through its ability to 
disrupt the cell growth of cancer and initiate them to undergo 
apoptotic cell death. Although the detailed or underlying 
mechanisms of selectivity of safranal against prostate cancer 
cells are still unclear, our fi ndings have revealed that safranal 
exerts its growth inhibition toward cancer cells through 
induction of apoptosis. Further investigations of the apoptosis 

pathway are needed to reveal the exact mode of action of 
safranal for its anticancer properties.
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