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ABSTRACT: The cytotoxic effect of safranal, a pharmacologically active 

component of saffron, has been established in vitro. The aim of this study was to 

develop safranal nanoliposomes with a higher therapeutic index for the treatment 

of cancer. Thus, various PEGylated safranal nanoliposomes were prepared using 

HSPC and cholesterol by solvent evaporation. The liposomes were characterized 

by their size, in vitro cytotoxicity and in vivo therapeutic efficacy against C26 

tumor bearing mice. Liposome characterization illustrated the size range of 140-

230 nm and PDI of 0.2-0.3. The entrapment efficiency was considerably low due 

to the high instability of safranal in liposomes, causing a substantial in vitro 

release. In vitro cytotoxicity indicated higher toxic effects of safranal liposomes 

compared to free form. Treatment of tumor-bearing mice with selected safranal 

liposomes (50 mg/kg) did not improve the tumor size and survival of animals 

compared to controls. These results were presumably due to the physicochemical 

properties and dose dependent effects of safranal molecules. In addition, the 

intensive hydrophobic molecular interaction between safranal and cholesterol 

within the bilayers of liposomes cause the low percentage of encapsulation, high 

instability while in the circulation and untoward site directed drug delivery. 

Results indicated that the current safranal liposomes could increase the in vitro 

cytotoxicity, however did not enhance the antitumor activity at a dose of 50 

mg/kg; thus, to obtain an optimal formulation, it merit further investigation. 

 

INTRODUCTION: Saffron scientifically known 

as “Crocus Sativus, Linn”(Iridaceae family), 

contains four crucial bioactive compounds namely, 

picrocrocin, crocin, crocetin and safranal 
1, 2

. 
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Of the ingredients present in saffron, the low water-

soluble safranal (2, 6, 6-trimethyl-1, 3-

cyclohexadien-1-carboxaldehyde) has shown to 

possess various health-promoting properties 

including a high antioxidant potential as well as 

cytotoxicity towards certain cancer cells in vitro 
3-8

.  

 

However, the low aqueous solubility of safranal 

prevents it’s using as a therapeutic or preventive 

agent. The water solubility of safranal at 25  is 

about 134.2 mg/L 
9
 and the aqueous solubility in 

phosphate buffer (pH 7.4) according to Higuchi and 
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Connors method has been reported as 578.61 mg/L 
10

. Liposome drug delivery systems have emerged 

as a promising technology in formulating 

hydrophilic and hydrophobic drugs to improve the 

therapeutic potential of the targeted molecules 

delivered to the site of actions 
11, 12

. By reducing 

mononuclear phagocyte system (MPS) uptake, 

long-circulating PEGylated nanoliposomes can 

passively accumulate in the tumors area through 

enhanced permeation and retention (EPR) and 

improve the therapeutic effects of liposomal 

anticancer therapeutics versus free agents
11-14

. 

 

The purpose of this study was to investigate the 

effect of liposome as a vesicular vehicle for 

enhancing the anti-tumor activity of safranal and to 

compare with its free form. To this end, 

formulations of PEGylated nanoliposomes 

containing safranal were prepared by solvent 

evaporation plus extrusion. Then, safranal 

liposomes were characterized by their size, zeta 

potential, encapsulation efficiency and release 

properties and were subsequently tested for in vitro 

cytotoxicity. Those with the optimum 

characteristics were opted for further investigation 

regarding in vivo therapeutic efficacy against C26 

colon carcinoma tumor bearing mice.  

 

MATERIALS AND METHODS: 

Liposome preparation: Liposomes encapsulating 

safranal were prepared by hydration of thin lipid 

film followed by sonication and extrusion 
15

. To 

put it briefly, lipid mixtures (HSPC, cholesterol and 

MPEG2000-DSPE) were dissolved in chloroform. 

Solvent removal using rotary evaporator (Heidolph, 

Germany) formed the thin lipid film. Traces of 

organic solvent were further removed by keeping 

the film under freeze-drier (Taitec, Japan) 

overnight. Liposomes were formed by hydrating 

lipid film with 10 mg/mL safranal solution in 

Histidine plus 10% sucrose buffer (pH 6.5) at 60 

ºC. The safranal encapsulating liposomes were 

sonicated in a bath-type sonicator (Bransonic-

Branson, U.S.A) for 15 min at 60 
o
C and were then 

extruded (Avestin, Canada) at 60 
o
C to produce 

uniformed size safranal liposomes.  

 

Liposome characterization: The particle diameter 

and zeta potential of each sample was measured 

using Particle Size Analyzer (Nano-300 HS; 

Malvern, UK). Particle sizes were reported as the 

means ± standard deviation and polydispersity 

index (PDI) (n=3). Zeta potentials were reported as 

the means ± zeta deviation (n=3). 

 

Percentage of encapsulation: The prepared 

liposomes were added to a dialysis cassette (Mwt 

cut off 12 kDa) and dialyzed three times against 10 

mM Histidine, 10% sucrose (pH 6.5) to remove un-

encapsulated safranal. To assay safranal 

concentration, 10 µL of liposome preparations 

before and after dialysis was lysed with 1990 µL 

Ethanol. The encapsulated safranal concentration 

was assayed by comparing the absorbance at 310 

nm to a standard curve of a solution prepared from 

safranal with different concentrations using 

spectrophotometry (Jenway, England). The 

percentage of encapsulation was calculated as 

below.  
 

 
 

Release studies: The in vitro release profile of 

safranal form liposome formulations were studied 

in the presence of 10 mM Histidine buffer 

containing 10% sucrose (pH 6.5) at 25 °C. For this, 

450 µL of safranal loaded liposomes were 

transferred into dialysis bags with 12-14 KD 

molecular weight cut-off, tightly closed and 

incubated with gentle magnetic stirring. At 

different points in time, aliquots were withdrawn 

and replaced with the same volume of buffer 

solution. Collected samples were then assayed for 

the safranal contents using spectrophotometry, as 

described earlier. Then liposomal safranal remained 

in the dialysis cassette was lysed with Ethanol and 

release percentage was assayed as follows. 
 

 
 

In vitro cytotoxicity assay: C26 murine colorectal 

cancer cells were preserved in RPMI 1640 media 

supplemented with 10% fetal bovine serum (FBS) 

and were cultured in 5% CO2 at 37
o
C. C26 cells 

were obtained from Cell Lines Service (Eppelheim, 

Germany). Cytotoxicity was assessed on C26 cells 

using MTT assay. C26 cells (2000 cells/100 µL) 

were seeded in 96-well plates and incubated for 

24h at 37 ºC to allow for cell attachment. Safranal 
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at different concentrations (2, 1, 0.5, 0.25 and 

0.125mM) were added triplicate in each well and 

the cells were incubated for 72h at 37ºC. 

Cytotoxicity was assessed using 3-(4, 5-

Dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium 

bromide (MTT) assay 
15

. 

 

Animals: The female BALB/c mice, 6–8 weeks old 

(for C26 model) were purchased from the Pasteur 

Institute (Tehran, Iran). The mice were housed in 

an animal house of Pharmaceutical Research 

Center in a colony room 12/12 h light/dark cycle at 

21°C with free access to water and animal food. All 

procedures involving animals and the proposal 

were approved by the Institutional Ethical 

Committee and Research Advisory Committee of 

Mashhad University of Medical Sciences 

(Education Office, dated Feb. 26, 2008; proposal 

code 87848), based on the Specific National Ethical 

Guidelines for Biomedical Research issued by the 

Research and Technology Deputy of Ministry of 

Health and Medicinal Education (MOHME) of Iran 

issued in 2005. 

 

Liposomal safranal therapy in C26 mouse 

model: C26 murine colorectal cells (3×10
5
) in 50 

µL PBS were inoculated S.C in the right hind flank 

of BALB/c mice. On day 10 after tumor 

implantation, mice were classified into different 

treatment groups (n=5) including liposomal 

safranal (50 mg/kg), safranal (50 mg/kg in 

Histidine buffer), isotonic PBS (200μL), Caelyx
®
 

(15mg/kg) and doxorubicin  ® (10mg/kg)
15, 16

. 

Treatments were administered by the tail vein 

injection on alternate day in 5 doses for the first 

three groups and single dose for the other ones. 

Mouse tumor growth, weight and overall health 

were monitored. Tumor volume was calculated 

with the following formula: tumor 

volume=height×length×width 
16

.  

 

Statistical analysis: The one-way ANOVA test 

was used to assess the significance of differences 

among the various groups. Results with p< 0.05 

were considered to be statistically significant.  

 

RESULTS: Liposomal formulations encapsulating 

safranal were developed using the distinct molar 

ratios of HSPC/Cholesterol/mPEG2000-DSPE. The 

presence of MPEG2000-DSPE effectively made the 

zeta potential of all formulations negative. 

Liposomes represent zeta average size ranging 

from 140 to 230nm and a PDI of around 0.3(Table 

1). As shown in Table 1, by decreasing cholesterol 

contents of formulations, the size of liposomes was 

significantly decreased. Although the encapsulation 

efficiency of safranal in all liposome formulations 

is generally low, it is well affected by the 

cholesterol contents of bilayers. In other words, the 

compositions with higher cholesterol levels, as seen 

in F1 and F2, significantly decreased safranal 

entrapment within liposomes and conversely, lower 

cholesterol contents increased safranal 

encapsulation efficiency (F3, F4 and F5). 
 

TABLE 1: PHYSICAL PROPERTIES, ENCAPSULATION EFFICIENCY, AND IC50 OF LIPOSOMAL SAFRANAL 

FORMULATIONS. 

Safranal Formulations 
Molar 

Ratio 

Zeta Average Size 

(Nm) ± SD 

Polydispersity ± 

SD 

Zeta 

Potential  % 

(Mv) ± SD 

Encapsulation 
IC50 (Mm) (Lower 

And Upper 95%) 

F1-HSPC/mPEG2000-

DSPE/Chol 
5.5/0.5/4 222.3 ± 2.601 0.321 ± 0.041 -19.6 0.99 ± 0.17 0.084 (0.06-0.12) 

F2-HSPC/mPEG2000-

DSPE/Chol 
6.5/0.5/3 228.1 ± 5.203 0.326 ± 0.01 -22.3 0.69 ± 0.254 0.092 (0.05-0.18) 

F3-HSPC/mPEG2000-

DSPE/Chol 
7.5/0.5/2 184.3 ± 0.416 0.223 ± 0.015 -18.9 1.33 ± 0.342 0.287 (0.23-0.35) 

F4-HSPC/mPEG2000-

DSPE/Chol 
8.5/0.5/1 158.5 ± 1.323 0.22 ± 0.014 -16.4 1.38 ± 0.282 0.375 (0.36-0.39) 

F5-HSPC/mPEG2000-

DSPE/Chol 
9.5/0.5/0 140.96 ± 0.7767 0.31 ± 0.007 -15.5 1.46 ± 0.639 0.524 (0.51-0.54) 

Safranal in Histidin 

buffer 
- - - - - 0.477 (0.32-0.71) 
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As is evident in Fig.1,there were no significant 

differences in the safranal release profiles of all 

liposomal formulations in the first 4h of 

incubation(p>0.05). Safranal release from F1 and 

F2 was approximately 70% within the first 2 h, 

which almost reached 90% at the end of the 

incubation. Meanwhile, after 24 h, this experiment 

represents a release of almost 80% for F3 and F4 

and 65% for F5 formulation. At this time point, the 

release of safranal from F5 liposome devoid of 

cholesterol, was significantly lower than F1 

(p<0.05), liposomes, respectively. Apparently, 

there is a direct correlation between the cholesterol 

content of liposome and release kinetic which is 

completely compatible with the obtained results of 

encapsulation efficiency. 

 

 
FIG. 1: RELEASE PROFILE OF SAFRANAL LIPOSOMES. 

F1 (HSPC/ mPEG2000-DSPE/Chol-5.5/0.5/4), F2 (HSPC/ 

mPEG2000-DSPE/Chol-6.5/0.5/3), F3 (HSPC/ mPEG2000-

DSPE/Chol-7.5/0.5/2), F4 (HSPC/ mPEG2000-DSPE/Chol-

8.5/0.5/1) and F5 (HSPC/ mPEG2000-DSPE/Chol-9.5/0.5/0) in 

Histidin-10% sucrose buffer. *shows statistical significance 

(p<0.05) when compare F5 with F1 liposomes. Statistical 

analysis was done by One-way ANOVA and Tukey–Kramer 

multiple comparisons test. 

 

The in vitro system was also devised to analyze the 

release kinetics and the cytotoxicity of safranal 

modulated by liposomal formulation. The IC50 

value of safranal was 0.477 mM (Table 1) and the 

cell proliferation inhibitory effects of F1 and F2 

were significantly higher than safranal (much lower 

IC50 values). On the other hand, F3, F4 and F5 

liposomes increased IC50 values which lie within 

the range of free safranal. Interestingly, 

formulations that showed premature release of 

safranal, as seen with F1 and F2, significantly 

enhanced in vitro cytotoxicity as well. 

Although the plasma stability of the encapsulated 

content is required for delivering the therapeutic 

agents toward the target site, the increased 

cytotoxic effects may seem beneficial in in vivo 

studies. Thus, considering the rash release profiles 

and in vitro analysis of safranal liposomes, F1, F3 

and F5 liposomal-safranal formulations (F1-L-

safranal, F3-L-safranal and F5-L-safranal) were 

selected for further anti-tumor studies in animals.  

 

To determine the therapeutic efficacy of liposomal 

safranal, anti-tumor activity was assessed in C26-

tumor bearing mice. Fig.2 illustrated that none of 

liposomal safranal formulations at 50 mg/kg 

showed significant tumor growth inhibition 

compared to other groups. Unexpectedly, compare 

to negative control, liposomal safranal did not 

significantly inhibit the tumor growth (p>0.05). 

There was also no substantial difference (P>0.05) 

comparing liposomal safranal with safranal at the 

same dose. 

 

However, the intravenous administration of a single 

dose of Caelyx
®
 resulted in significant tumor 

growth regression which lasted for more than 3 

weeks (p<0.01).Despite, the treatment of tumor 

bearing mice with doxorubicin alone induce a 

significant tumor response compared to liposomal 

safranal (p>0.05),but did not last for a long period 

due to the adverse effect associated with free drug 

at the dose of 10 mg/kg 
17

.  

 

 
FIG.2: TUMOR GROWTH CURVE. BALB/c mice bearing C26 

tumor (n=5) were i.v. administered on day 10 with PBS, free 

safranal (50 mg/kg), L-Safranal (50 mg safranal/kg): F1 (HSPC/ 

mPEG2000-DSPE/Chol-5.5/0.5/4), F3 (HSPC/ mPEG2000-

DSPE/Chol-7.5/0.5/2), F5 (HSPC/ mPEG2000-DSPE/Chol-9.5/0.5/0), 

for 5 consecutive doses every other day and single dose of free Dox: 

doxorubicin (Ebedoxo)  ® (10 mg/kg) and Caelyx®: liposomal 

doxorubicin (15mg/kg). Error bar represents SEM. 
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As is evident in Fig.3, in neither of the treatment 

groups, animals were excluded due to body weight 

loss (more than 15%). 

 
FIG. 3: EFFECT OF LIPOSOMAL SAFRANAL THERAPY 

ON WEIGHT OF MICE. BALB/c mice bearing C26 tumor were 

treated on day 10 for 5 consecutive doses every other day with i.v. 

injection of PBS, pure safranal (50 mg/kg), L-Safranal (50 mg 

safranal/kg): F1 (HSPC/ mPEG2000-DSPE/Chol-5.5/0.5/4), F3 

(HSPC/ mPEG2000-DSPE/Chol-7.5/0.5/2), F5 (HSPC/ mPEG2000-

DSPE/Chol-9.5/0.5/0) and single dose of free Dox: doxorubicin 

(Ebedoxo)® (10 mg/kg) and Caelyx®: liposomal doxorubicin 

(15mg/kg). 

 

Furthermore, the survival analysis verified the 

achieved results from tumor growth curve. As is 

clarified in Fig.4, survival of animals treated with 

Caelyx
®
 was significantly different than other 

groups (p<0.01). Mice treated with either safranal 

or doxorubicin had similar survival as compared to 

PBS (P>0.05). The survival of mice received 

liposomal safranal at 50 mg/kg was very close and 

comparable to that of safranal, PBS and 

doxorubicin, respectively (P>0.05).  

 

 
FIG. 4: SURVIVAL CURVE. BALB/c mice bearing C26 tumor 

were treated on day 10 for 5 consecutive doses every other day with 

i.v. injection of PBS, pure safranal (50 mg/kg), L-Safranal (50 mg 

safranal/kg): F1 (HSPC/ mPEG2000-DSPE/Chol-5.5/0.5/4), F3 

(HSPC/ mPEG2000-DSPE/Chol-7.5/0.5/2), F5 (HSPC/ mPEG2000-

DSPE/Chol-9.5/0.5/0) and single dose of free Dox: doxorubicin 

(Ebedox)® (10 mg/kg) and Caelyx®: liposomal doxorubicin 

(15mg/kg). 

DISCUSSION: Safranal, one of the major 

pharmacologically active component of saffron (C. 

Sativus, Linn), subscribes the health-promoting 

properties and high antioxidant potentials of 

saffron
1
. This low-water soluble cyclical terpenic 

aldehyde, accounts for the bitter taste and the actual 

color of saffron 
9
. The promising properties of 

safranal including its antioxidant features 
18

, 

protective effects 
19

 as well as cytotoxic and 

apoptogenic effects 
20

 against cancer cells, makes 

this component as a potential therapeutic agent. It 

has been investigated that safranal inhibited cell 

proliferation in a dose-dependent manner and 

induced cell appoptosis in cultured neuroblastoma 

cells with an IC50 of 11.1 and 23.3 µg/ml after 24 

and 48 h, respectively 
21

. In another study 

liposomal safranal significantly enhanced cytotoxic 

and apoptogenic effects compared to the safranal 

against HeLa, MCF7 and L929 cell lines, 

respectively
20

. 

 

Liposomes, the vesicular lipid vehicles, have 

emerged as promising drug delivery systems to 

improve the efficacy of targeted therapeuticsto the 

site of actions 
11, 22

. They can be extensively used 

for loading a variety of molecules including 

hydrophilic and hydrophobic drugs 
23

. 

 

The objective of the current study was to 

investigate whether the encapsulation of safranal in 

liposome can enhance the anti-tumor efficacy 

compared to safranal alone. Therefore, safranal 

liposomes using HSPC/Cholesterol with different 

molar ratios were prepared. The characterization of 

formulations indicated the size range between140 

and 230 nm and the polydispersity index of around 

0.3. Moreover, all formulations had an 

approximately similar negative surface charge due 

to the presence of mPEG2000-DSPE which improves 

blood circulation as well as extracellular matrix 

interaction. Basically, the encapsulation efficiency 

of safranal liposomes is dramatically low. 

Evidently, it can be noticed that the cholesterol 

content of liposomes had a great impact on the size 

and encapsulation efficiency of liposomes. 

Accordingly, the cholesterol level of liposomes 

significantly affected the release profile and in vitro 

cytotoxicity.  
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In other words, by decreasing the cholesterol 

content in liposome, the size of liposome and the 

percentage of safranal release decreased; in 

contrast, the encapsulation efficiency and IC50 

values significantly increased. It could be 

concluded that in general, the lower IC50 value of 

safranal (0.477 mM) is probably due to the high 

volatility of safranal molecules resulting in faster 

dissolution and higher in vitro cytotoxicity. 

 

These obtained results also confirm the fact that 

there is an exceptional effect of cholesterol on 

hydrophobic drug encapsulation and in vitro release 
24-27

. That is to say that safranal as a hydrophobic 

compound can be only assosiated within the 

bilayers of liposome where cholesterol usually sit 

in order to eliminate the phase transition of 

phospholipid and reduce membrane permaebility 
28, 

29
.Therefore, there may be a rigid competition 

between cholesterol and safranal for the 

cooparating region of the phospholipid. In addition, 

due to the physicochemical properties of safranal 

molecules such as low molecular weight (MW: 

150.22 g/mole) and high volatility, the considerable 

safranal leakage could transit through the 

membrane of liposomes.  

 

Apparently, the compositions with higher 

cholesterol levels (F1 and F2) had the bigger size 

of liposome and lower safranal entrapments within 

liposomes. The reason is likely due to the increased 

hydrophobic molecular interaction of safranal with 

cholesterol content of liposomes. F5 however, had 

a greater encapsulation efficiency compared to F3 

and F4, probably because of absence of cholesterol 

content that causes no interaction and the smaller 

particle size. 

 

Basically, all formulations had premature release 

profiles and their safranal content transited from 

liposome’s membrane in 24 h. The HSPC/Chol 

molar ratio in F1 and F2 was changed from 5.5:4 

and 6.5:3 to 7.5:2, 8.5:1 and 9.5:0 in F3, F4 and F5 

preparations. Accordingly, by decreasing the 

amount of cholesterol in the formulation, the 

percentage of release rather decreased. Thus, 

difference in the rate of safranal leakage from 

liposomes of different compositions first is because 

of the diversity of cholesterol content within the 

lipid bilayers and the powerful hydrophobic 

molecular interaction between safranal and 

cholesterol that cause the faster transition of 

safranal molecules from liposome. Besides, it is 

conceivable that the safranal release profile of 

liposomal formulations in the presence of Fetal 

Bovine Serum (FBS) at 37 °C would be much 

higher likely due to the unspecific interaction of 

proteins with liposomes. 

 

The release kinetics and the cytotoxicity of 

liposomal safranal have been investigated. In 

general, the lower IC50 value of safranal (0.477 

mM) probably is due to the high volatility of 

safranal molecules resulting in faster dissolution 

and higher in vitro cytotoxicity. The cell 

proliferation inhibitory effects of F1 and F2 were 

significantly higher than safranal. On the other 

hand, F3, F4 and F5 liposomes increased IC50 

values which are within the range of free safranal. 

Interestingly, formulations that showed premature 

release of safranal, as seen with F1 and F2, 

significantly enhanced in vitro cytotoxicity as well. 

 

Analysis of tumor volume indicated that liposomal 

safranal formulations at dose of 50 mg/kg could not 

control tumor growth as if it was comparable to 

free safranal. Further, liposomal safranal did not 

prolonged the survival of animals. Therfore, in vivo 

analysis suggested that the enhancement of anti-

tumor activity was not approched possibly due the 

fast transition of small volatile molecules of 

safranal through liposome’s membrane that cause 

unstability of liposomal formulations and the 

untoward site directed drug delivery. 

 

It was previously reported that pathological 

assessment of heart, liver and spleen, showed no 

abnormal effects following safranal usage, but 

histological evaluations showed abnormalities and 

toxic effects of safranal (a Purity of >88%), 

especially at the dose of 0.5 ml/kg or higher in 

kidney and lung 
30

. 

 

CONCLUSION: At an glance, although in vitro 

studies have shown safranal as one of the 

promising constituents of saffron against a wide 

range of cancer cells, in the present study, results 

indicated safranal liposomes with increased in vitro 

cytotoxicity, could not enhance the antitumor 

activity. 
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Doubtless, "these were" three important factors 

play a crucial role in obtained results: first, the 

physicochemical properties of safranal molecules 

such as low molecular weight (MW: 150.22 

g/mole) and high volatility; second, dose dependent 

anti-tumor effects of safranal as chemopreventive 

agent and third, the intensive hydrophobic 

molecular interaction between safranal and 

cholesterol content within the bilayers of 

liposomes. Overall, these factors caused the 

leakage of required safranal through the membrane 

of liposomes resulting in low percentage of 

encapsulation, high instability while in the 

circulation and untoward site directed drug 

delivery. 

 

However, the prepared liposomal formulation at the 

dose of 50mg/kg needs further characterization in 

future studies to obtain a highly stable formulation 

from the economical and therapeutical ponits of 

view. 

 

ACKNOWLEDGMENT: The collaboration of the 

Nanotechnology Research Center and 

Pharmaceutical Research Center, School of 

Pharmacy, Mashhad University of Medical 

Sciences (MUMS) is gratefully acknowledged. 

 

CONFLICT OF INTERST: The authors declare 

that there is no conflict of interests regarding the 

publication of this paper. 

 

REFERENCES: 

 
1. Milajerdi A, Djafarian K, Hosseini B. The toxicity of 

saffron (Crocus satious L.) and its constituents against 

normal and cancer cells. J NutrIntermedMetab 2016; 3: 

23-32. 

2. Alavizadeh SH, Hosseinzadeh H. Bioactivity assessment 

and toxicity of crocin: A comprehensive review. Food 

Chem Toxicol 2014; 64:65-80. 

3. Rezaee R, Hosseinzadeh H. Safranal: from an aromatic 

natural product to a rewarding pharmacological agent. Iran 

J Basic Med Sci 2013; 1: 16-12. 

4. Hariri AT, Moallem SA, Mahmoudi M, Hosseinzadeh H. 

The effect of crocin and safranal, constituents of saffron, 

against subacute effect of diazinon on hematological and 

genotoxicity indices in rats. Phytomedicine 2011;18:499-

504. 

5. Kanakis CD, Tarantilis PA, Tajmir-Riahi HA, Polissiou 

MG. Crocetin, dimethylcrocetin, and safranal bind human 

serum albumin: stability and antioxidative properties. J 

Agric Food Chem 2007; 55:970-977. 

6. Abdullaev F, Riveron-Negrete L, Caballero-Ortega H, 

Hernández JM, Perez-Lopez I, Pereda-Miranda R, et al. 

Use of in vitro assays to assess the potential antigenotoxic 

and cytotoxic effects of saffron (Crocus sativus L.). 

Toxicol In vitro 2003; 17:731-736. 

7. Escribano J, Alonso G-L, Coca-Prados M, Fernández J-A. 

Crocin, safranal and picrocrocin from saffron (Crocus 

sativus L.) inhibit the growth of human cancer cells in 

vitro. Cancer Lett 1996; 100:23-30. 

8. Behravan J, Hosseinzadeh H, Rastgoo A, Hessani M. 

Evaluation of the cytotoxic activity of crocin and safranal 

using potato disc and brine shrimp assays. Physiology and 

Pharmacology 2010; 13:397-403. 

9. Waksmundzka-Hajnos M, Sherma J. High performance 

liquid chromatography in phytochemical analysis: CRC 

Press; First Edition 2010. 

10. Abbaszadegan S, Al-Marzouqi AH, Salem AA, Amin A. 

Physicochemical characterizations of safranal-β-

cyclodextrin inclusion complexes prepared by supercritical 

carbon dioxide and conventional methods. J Incl Phenom 

Macrocycl Chem 2015; 83:215-226. 

11. Torchilin VP. Recent advances with liposomes as 

pharmaceutical carriers. Nature Reviews Drug Discovery 

2005; 4:145-160. 

12. Pattni BS, Chupin VV, Torchilin VP. New developments 

in liposomal drug delivery. Chem Rev 2015; 115:10938-

10966. 

13. Maeda H. Macromolecular therapeutics in cancer 

treatment: the EPR effect and beyond. J ControlRelease 

2012; 164:138-144. 

14. Maeda H, Nakamura H, Fang J. The EPR effect for 

macromolecular drug delivery to solid tumors: 

Improvement of tumor uptake, lowering of systemic 

toxicity, and distinct tumor imaging in vivo. Adv Drug 

Deliv Rev 2013; 65:71-79. 

15. Rastgoo M, Hosseinzadeh H, Alavizadeh H, Abbasi A, 

Ayati Z, Jaafari MR. Antitumor activity of PEGylated 

nanoliposomes containing crocin in mice bearing C26 

colon carcinoma. Planta Med 2013;79:447-451 

16. Huang Z, Jaafari MR, Szoka FC. Disterolphospholipids: 

nonexchangeable lipids and their application to liposomal 

drug delivery.Angewandte Chemie 2009; 121:4210-4213. 

17. Baselga J, Norton L, Albanell J, Kim Y-M, Mendelsohn J. 

Recombinant humanized anti-HER2 antibody 

(Herceptin™) enhances the antitumor activity of paclitaxel 

and doxorubicin against HER2/neu overexpressing human 

breast cancer xenografts. Cancer Res 1998; 58:2825-2831. 

18. Hosseinzadeh H, Shamsaie F, Mehri S. Antioxidant 

activity of aqueous and ethanolic extracts of Crocus 

sativus L. stigma and its bioactive constituents, crocin and 

safranal. PharmacognMag2009; 5:419-424. 

19. Hariri AT, Moallem SA, Mahmoudi M, Memar B, 

Hosseinzadeh H. Sub-acute effects of diazinon on 

biochemical indices and specific biomarkers in rats: 

protective effects of crocin and safranal. Food Chem 

Toxicol 2010; 48:2803-2808. 

20. Malaekeh‐Nikouei B, Mousavi SH, Shahsavand S, Mehri 

S, Nassirli H, Moallem SA. Assessment of cytotoxic 

properties of safranal and nanoliposomal safranal in 

various cancer cell lines. Phytother Res 2013;27:1868-

1873. 

21. Samarghandian S, Shoshtari ME, Sargolzaei J, 

Hossinimoghadam H, Farahzad JA. Anti-tumor activity of 

safranal against neuroblastoma cells. Pharmacogn Mag 

2014; 10(Suppl 2):S419-S424. 

22. Wang B, Hu L, Siahaan TJ. Drug delivery: principles and 

applications: John Wiley & Sons; Second Edition 2016. 

23. Yingchoncharoen P, Kalinowski DS, Richardson DR. 

Lipid-Based Drug Delivery Systems in Cancer Therapy: 



Abbaszadegan et al., IJPSR, 2016; Vol. 7(11): 4379-4386.                            E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4386 

What Is Available and What Is Yet to Come. Pharmacol 

Rev 2016;68:701-787. 

24. Deniz A, Sade A, Severcan F, Keskin D, Tezcaner A, 

Banerjee S. Celecoxib-loaded liposomes: effect of 

cholesterol on encapsulation and in vitro release 

characteristics. Biosci Rep 2010; 30:365-373. 

25. Cagdas FM, Ertugral N, Bucak S, Atay NZ. Effect of 

preparation method and cholesterol on drug encapsulation 

studies by phospholipid liposomes. Pharm Dev Technol 

2011; 16:408-414. 

26. Hong S-S, Kim SH, Lim S-J. Effects of triglycerides on 

the hydrophobic drug loading capacity of saturated 

phosphatidylcholine-based liposomes. Int J Pharm 2015; 

483:142-150. 

27. Nguyen AT, Lewin PA, Wrenn SP. Hydrophobic drug 

concentration affects the acoustic susceptibility of 

liposomes. Biochimica et Biophysica Acta (BBA)-General 

Subjects 2015; 1850:667-672. 

28. de Meyer F, Smit B. Effect of cholesterol on the structure 

of a phospholipid bilayer. Proceedings of the National 

Academy of Sciences 2009; 106:3654-3658. 

29. Drummond DC, Noble CO, Hayes ME, Park JW, Kirpotin 

DB. Pharmacokinetics and in vivo drug release rates in 

liposomal nanocarrier development. J Pharm Sci 2008; 

97:4696-4740. 

30. Hosseinzadeh H, Shakib SS, Sameni AK, Taghiabadi E. 

Acute and subacute toxicities of safranal, a constituent of 

saffron, in mice and rats. Iran J Pharm Res 2013; 12: 93-

99. 

 

 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Abbaszadegan S, Hosseinzadeh H, Alavizadeh SH, Mohamadi M, Abbasi A and Jaafari MR: Characterization and anti-tumor activity of 

pegylated nanoliposomes containing safranal in mice bearing C26 colon carcinoma. Int J Pharm Sci Res 2016; 7(11): 4379-86.doi: 

10.13040/IJPSR.0975-8232.7(11).4379-86. 


