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ABSTRACT

Objectives: Crocetin, a saffron-derived carotenoid, inhibits tumor growth in some cancer
types. However, its mechanism of action still needs to be clearly understood. Here, the
Crocetin effect on the expression of some cell cycle regulators was investigated.

Methods: The N-nitroso-N-methylurea (NMU)-induced rat mammary carcinomas were
induced in a group of 35-day-old female Wistar Albino rats. Then, the expression of
several cell cycle regulators was studied using reverse transcription-polymerase chain
reaction (RT-PCR) and Western blot. After the tumor appearance, these rats were treated
with Crocetin through weekly, intraperitoneal injections of 100 mg/kg body weight for
four weeks. A control group has received the vehicle only. In the end, rats were sacrificed,
and tumors were divided into two parts. A part was for pathologic investigation, and a
part was retained at -70 °C to determine desired parameters.

Results: Before Crocetin treatment, the tumor volumes were 13.27 = 3.77 and 9.44 +
4.39 cm’, which was changed to 23.66 + 8.82 and 4.71 + 2.44 cm?® at the end of the
experiment in the untreated and treated groups, respectively. The results showed that
Crocetin markedly decreased the increased expression of cyclin D1 due to NMU
administration. However, it further increased the expression of p53 and p21°?!, with no
significant effect on p27%?®! expression. We previously showed Crocin-induced cell cycle
arrest through a p53-dependent mechanism.

Conclusion: Crocetin induced the cell cycle arrest in NMU-induced breast cancer in
rats through a p53-independent mechanism. It is the second mechanism additional to
apoptosis induction in cancer cells.
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Introduction

reast cancer is the most prevalent cancer
worldwide. However, the risk of death
decreased after the 1930s, when surgery
(specifically, radical mastectomy) was
the primary mode of treatment, and
after the 1970s, when early detection programs were
implemented in various countries. Moreover, survival
rates improved beginning in the 1990s, when early
detection programs were combined with comprehensive
treatment, including surgery, radiotherapy, and effective
medication (1). Consequently, there is growing interest
in discovering new drugs for therapeutic strategies with
greater therapeutic potential and fewer side effects.
Nowadays, the use of naturally occurring compounds
has garnered significant attention in chemoprevention
and adjuvant therapy. In vitro experiments using
various cell lines and in vivo studies using animal
models of various diseases are considered to study the
effectiveness of new compounds. In this regard, animal
models of various diseases, especially breast cancer, are
considered an effective tool for studying the processes of
carcinogenesis and treatment.
The anticancer effect of saffron (Crocus sativus L.) dried
stigmas and its primary carotenoid, Crocin, has been
demonstrated previously (2, 3). Pharmacokinetic studies
have revealed that the glycolytic pathway of Crocin in
the digestive tract leads to its conversion to Crocetin,
and approximately two hours post oral administration
of Crocin, Crocetin appears in the serum (4). The role
of Crocin and Crocetin in inducing apoptosis in various
cancer cell lines (5) and in a rat model of gastric cancer
(6) has been demonstrated by us and other research groups
(7). Both of these 20-carbon atoms (C20) carotenoids
are safe for normal cells, animals (8), and humans (9),
even at high concentrations. However, they induce cell
death in cancer cells and tumor tissues. Additionally, low
concentrations of these natural carotenoids have been
effective in decreasing Alzheimer’s Disease (AD) markers,
as studied in differentiated PC12 cells treated with Ap-
peptides, serving as a cellular model of AD (10). Another
critical aspect of the mechanism of action of these natural
carotenoids is their effective doses. Due to the difference
in the effective anticancer doses of these carotenoids (11),
which is primarily related to their distinct structures, we
attempted to compare their mechanism(s) of action in the
present study. We previously reported a p53-dependent
Crocin-induced cell cycle arrest in breast cancer in rats
(2). In this study, we investigated the effect of Crocetin in
the same breast cancer model in rats.

Materials and methods

Crocetin was extracted and purified from the dry stigmas

of Crocus Sativus L. using the method we previously
described (12) and the registered patent (54960, Nov.
25, 2008) in Iran. Briefly, two processes of alkaline and
acidic hydrolysis of the methanolic extract of saffron
were followed by a subsequent extraction with benzene.
Then, additional purification was performed using
dimethyl sulfoxide. Crocetin was characterized using
various spectroscopic methods and by determining the
melting temperature.

Forty 35-day-old female Wistar Albino rats were
procured from the Pastor Institute, Tehran, Iran.
Throughout the experiment, all rats were housed in a
controlled environment with 12-hour light/dark cycles
and a temperature of 23 £ 2°C. They were given a
commercial diet with tap water ad libitum and weighed
weekly. After a 2-week acclimatization period, the rats
were divided into two groups: one group of rats (#26)
received three intraperitoneal injections of NMU (Sigma,
St. Louis, MO), freshly dissolved in 0.9% NaCl adjusted
to pH 4.0 with acetic acid, at a dose of 50 mg/kg body
weight, at 50, 65, and 80 days of age. The remaining
rats, the control groups, received only the vehicle.

The number, sizes, and volumes of tumors were
determined weekly by palpation starting four weeks
after the NMU injection until the end of the experiment.
Tumor volume was calculated according to the formula
V = (4/3)nR °R, (radius R < R)) (2). When the tumor
size reached 10 to 15 mm in the largest dimension, the
NMU-treated and control groups of rats were divided
into two subgroups; one subgroup received Crocetin and
the other received only the vehicle. The groups were
named as follows: C1, control group with no treatment
(# 7); C2, control group receiving Crocetin (# 7); T1,
NMU-treated control group (# 7); and T2, NMU-treated
group receiving Crocetin (# 7). The rats without tumors
were excluded from the study. Four doses of 100 mg/
kg body weight of Crocetin, dissolved in the minimum
volume of DMSO and diluted in serum physiologic,
were intraperitoneally injected into groups T2 and C2 at
7-day intervals. Groups T1 and C1 were intraperitoneally
injected with only the vehicle. The Tarbiat Modares
University Ethics Committee approved the animal care
and treatment protocol.

The rats were euthanized under anesthesia seven
days after the final Crocetin injection. The mammary
tumors and normal mammary glands from all groups
were dissected as follows: half of the tumors were
fixed in 10% formalin, embedded in paraffin wax, and
subsequently stained with hematoxylin and eosin (H &
E) for histological examination. The normal mammary
glands and the other half of the tumors were immediately
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Table 1: Experimental conditions for RT-PCR. The primer sequences, annealing temperatures, and expected size of PCR products.

Gene Primer sequence

Annealing temperature

Product size
C)

F: 5-CAGACCAGCCTAACAGATTTC-3'

Cyclin D1

208 56

R: 5-“TGACCCACAGCAGAAGAAG-3'

F: 5'-CTGGATGCTAGAGGTCTGC-3'

p21

105 58

R: 5'-AGAGTTGTCAGTGTAGATGC-3'

F: 5'-CAAGGTCATCCATGACAACTTTG-3'
R: 5-GTCCACCACCCTGTTGCTGTAG-3'
F: 5-AACGACCCCTTCATTGAC-3'

GAPDH

R: 5'-TCCACGACATACTCAGCAC-3'

500, 190, 160 58, 60

F: 5-AACGACCCCTTCATTGAC-3'
R: 5-TCCACGACATACTCAGCAC-3'
F: 5-GTGGCCTCTGTCATCTTCCG-3'

p53

290 60

R: 5-CCGTCACCATCAGAGCAACG-3'

F:GAGGGCAGATACGAGTGGCAG

p27

238 60

R:CTGGACACTGCTCCGCTAACC

frozen in liquid nitrogen and stored at -70°C for RT-PCR
and Western blot analysis.

According to the manufacturer’s recommendations,
total RNA from excised rat mammary tissues was
isolated wusing the TRIZOL extraction reagent
(Invitrogen, CA, USA). The integrity of mRNA was
confirmed by electrophoresis in a 1% agarose gel and a
Thermo Scientific Nanodrop 2000C spectrophotometer.
The cDNA was synthesized using a Revert AidTM H
Minus first-strand cDNA synthesis kit, as described in
the manufacturer’s instructions (Fermentas, Inc., USA).
The PCR was carried out by amplifying genes together
with the reference gene (GADPH) using an equivalent
cDNA template, PCR master mix (Fermentas, Inc.,
USA), and specific primers in an MJ Mini™ Personal
Thermal Cycler (BioRad, USA). PCR conditions for
cyclin D1 amplification were as follows: 30 cycles of 95
°C for 30's, 56 °C annealing for 45 s, and 72 °C extension
for 45 s. For p21©®!, the conditions were as follows: 30
cycles of 95 °C for 30 s, 58 °C annealing for 45 s, and 72
°C extension for 45 s. For p53 and p27%?!, the conditions
were 30 cycles of 95 °C for 30 s, 60 °C annealing for 45
s, and 72 °C extension for 45 s. The primer sequences,
product sizes, and annealing temperatures are given
in Table 1. The primer sequences of p53, p27¥P!, and
GADPH were taken from the literature and the cDNA
synthesiskit. Cyclin D1 and p2 1 “?! primers were designed
using Oligo 6, Generunner, and AlleleID 07 software.
Then, reaction products were separated on a 2% agarose
gel and visualized by ethidium bromide staining. The
bands were quantified by densitometric analysis through
image-capturing system software. GAPDH normalized
the relative target mRNA expression level in the same
sample.

For Western blotting, approximately 100 mg of frozen
mammary tissues, whether tumor or normal, were
homogenized in lysis buffer (containing 150 mM NacCl,
50 mM EDTA, 1 mM NaF, 10 mM Na,P,O_, 0.1% SDS,
100 mM Tris-HCI, 1% glycerol, and 1% Triton X-100),
which contained a cocktail of protease and phosphatase
inhibitors (Sigma, St. Louis, MO). Equivalent amounts
of protein were applied to 12% SDS-polyacrylamide
gels, separated by electrophoresis, and electrotransferred
to 045 pm pore size polyvinylidene difluoride
(PVDF) membranes (Roche, Germany). Membranes
were immersed in blocking solution (5% non-fat dry
milk, 0.05% Tween 20 in PBS) and were incubated
overnight at 4 °C. Primary incubation of the membranes
was carried out sequentially, using 1:100 and 1:200
dilution of mouse monoclonal anti-p21“*' and anti-
cyclin D1 antibodies (#450 and #271610 Santa Cruz
Biotechnology, Inc.) for 2 h at room temperature (RT)
in 3% non-fat dry milk. After washing with PBS-0.05%
Tween 20 (PBST), filters were incubated for 1 h at RT
with the horseradish peroxidase-conjugated secondary
antibody (1:7000 dilution; goat anti-mouse, #2005 Santa
Cruz Biotechnology, Inc.). After washing, protein bands
were visualized on radiographic films using an ECL
advanced Western blotting detection kit (Amersham, GE
Healthcare, Little Chalfont, UK). B-actin was assessed
as an internal control. Thus, a mouse monoclonal anti-f3-
actin antibody(#81178 Santa Cruz Biotechnology, Inc.)
was applied to detect the B-actin bands in the membranes.
Then, Image J was used to obtain semi-quantitative data
of the bands.

Data were shown as mean =+ standard deviation. For
gene expression, differences between the data obtained
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in all groups, and for tumor volume analysis, one-way
ANOVA was used. All comparisons with p-values below
0.05 were considered significant.

Results

Treatment response and pathology of mammary
tumors

Breast tumors were observed only in the NMU-injected
rats (Groups T1 and T2). Before Crocetin treatment,
the mean volumes of tumors were approximately
13.27 £ 3.77 and 9.44 + 4.39 in the T1 and T2 groups,
respectively. At the end of the experiment, they were
23.66 + 8.82 and 4.71 + 2.44 in these groups (T1 and
T2, respectively). As demonstrated in Fig.1, Crocetin
administration markedly (P<0.05) suppressed tumor
growth in the NMU-treated rats.

The H & E staining of the tissue sections (Figs. 2A
and 2B) after analysis by a pathologist revealed that the
majority (about 91.9%) of tumors from the NMU-treated

35

groups were malignant adenocarcinomas of different
types, including papillary and comedo carcinoma. About
8.1% were benign epithelial neoplasms, including
lactating adenomas (with milk-like substances in the
lumen) and papillary adenomas.

Expression of cyclin D1, p21?!, p53 and p27Xi!

The expression of cyclin D1 at both mRNA and protein

levels is depicted in Figs.3A and 3B. These figures
indicate a significant increase in the mRNA and protein
levels of cyclin D1 in the NMU-induced tumors (T1),
which significantly decreased (p<0.05) after treatment
with Crocetin (T2). Fig. 3B and its corresponding
histogram display the Western blot results for the
expression of Cyclin D1 in these samples.

Fig. 4A shows the mRNA expression of p53 in different
groups. Fig. 4B, the histogram, indicates a significant
increase in the p5S3/GAPDH ratios in groups T1 and T2
due to the NMU treatment and the subsequent Crocetin
treatment, respectively.

a,b,c

30

Tumor Volume (¢cm?)

L

T1 At First

T1 At the End

T2 At First T2 At the End

Figure 1: Tumor volume in T1 and T2 groups before and after treatment. Analysis was performed by one-way ANOVA analysis.
Values are presented as mean + SD and the same letters indicates the significance (p< 0.05) of the data that compares with another.

Ey Bt

Figure 2: Histopathology images of tumors. (A) Comedo type tumor from T1 group with areas of “necrosis” (arrow pointed) which is

debris from dead cancer cells; this indicates that this tumor is growing so fast that papillary tumor cells and (B) Papillary type tumor from

T2 group with slower growth than comedo and without areas of necrosis. H & E staining of mammary tumors shows invasive intraductal
carcinoma.

Acta Biochimica Iranica 2(1): 22-30




S. Z Bathaie et al. Acta Biochimica Iranica

B

ﬁ-‘—\cun—m 12kDa
Cyelin D1 —p/ o~ b el
) 36kDa

GAPDH (500bp)

Cyclin D1 (208bp)

c1 T1 T2
M Cl1 C2 T1 T2
50 -
D
C
* 1.5
A0 * *
1
& =
35 30 - * -1 1.0 L
<) A
a 20 * i
= z 0.5
P =
) T )
10 l
: 0.0- T
i === c1 T1 T2
c1 T1 T2
Groups
Groups

Figure 3: The results of cyclin D1 mRNA and protein expression. (A) RT-PCR and (B) Western blot results of the rat tumors without
or with treatment by Crocetin compared to the normal mammary gland. (C) Densitometric analysis of cyclin D1 mRNA expression. (D)
Histogram of cyclin D1 protein expression after analyzing the Western blot spots by Image J.

Values are presented as mean + SD of at least three independent repeats. The significant data (p < 0.03) were indicated with asterisk.
Abbreviations: M: DNA marker; C1 and C2: control groups without or with Crocetin treatment, respectively; T1 and T2: NMU-injected
groups without or with Crocetin treatment, respectively.
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Figure 4: The results of p53 mRNA expression. (A) RT-PCR and (B) Densitometric analysis of P53 mRNA expression.
Values are expressed as mean + SD and the same letters indicates the significance of the data that compares with another.
Abbreviations: M: DNA marker; C1 and C2: control groups without or with Crocetin treatment, respectively; T1 and T2: NMU-injected
groups without or with Crocetin treatment, respectively.
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Figure 5: The results of p21“?' mRNA and protein expression. (A) RT-PCR and (B) Western blot results of the rat tumors without or
with Crocetin treatment in comparison with the normal mammary gland. (C) Densitometric analysis of p21“?! mRNA expression.
Values are expressed as mean + SD and the significant data (p< 0.05) were indicated with asterisk.

Abbreviations: M: DNA marker; C1 and C2: control groups without or with Crocetin treatment, respectively; T1 and T2: NMU-injected
groups without or with Crocetin treatment, respectively.
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Figure 6: The results of p27¥?' mRNA expression. (A) RT-PCR and (B) Densitometric analysis of P27X""! expression.
Values are expressed as mean + SD of at least three independent experiment.
Abbreviations: M: DNA marker; C1 and C2: control groups without or with Crocetin treatment, respectively; T1 and T2: NMU-injected
groups without or with Crocetin treatment, respectively.

Figs. 5A and 5C also demonstrate a significant increase
in both mRNA and protein levels of p21#! after tumor
induction, which was further increased due to the
Crocetin administration (T2 compared to T1). Fig. 5B
is the histogram of p21“P!'/GAPDH ratios, indicating
significant changes (p< 0.05) in different groups.

Fig. 6A shows a decreasing trend in the mRNA levels

of p27¥®! due to the NMU injection and the subsequent
appearance of tumors. This decrease was even more
pronounced after the administration of Crocetin.

Discussion

Our preliminary study demonstrated the antitumor effect
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of saffron carotenoids (Crocin and Crocetin) against
NMU-induced breast cancer in rats (13). Subsequently,
we showed their effectiveness as preventive agents
against breast cancer in vivo (11). The present study
reveals a significant decrease in tumor volume after
Crocetin treatment. In addition, the tumor growth rate
was twice as high in the NMU-treated rats with no
further treatment than in the similar group receiving
Crocetin. This suggests that Crocetin suppressed tumor
growth and induced cell death, causing the tumors to
shrink. We then studied some cell cycle markers in all
tumors. The results indicated a significant suppression
of Cyclin D1 in tumors after Crocetin treatment.

Breast cancer is the second leading cause of death
among cancers in women, worldwide, with lung
cancer being the first. Current surgical methods and
systemic therapies are not sufficient to cure breast
cancer. Therefore, for patients who do not prefer to
undergo any surgical method, non-surgical methods
(14) have been suggested. New surgical strategies using
personalized medicine (15) have also been applied. In
addition, alternative or complementary therapies using
phytochemicals to increase the efficiency of current
treatments have garnered much attention (16-18).
Saffron, a commonly used spice and food additive,
is recognized for its various therapeutic properties,
including anticancer and antitumor effects (19,
20). The suppression of tumor growth through the
induction of caspase-dependent apoptosis following
the administration of saffron (21), Crocin (5, 22), and
Crocetin (7, 23, 24) has been reported in some types of
cancer, both in vitro and in vivo. Various mechanisms,
such as the involvement of antioxidant properties and
free radical scavenging (25), and alterations in some
cyclins in tumor cells (24), have also been reported.
We have also demonstrated the involvement of cyclin
D1, p21¢*!, and p53 in the anticancer effect of Crocin
(2). Therefore, we were interested in investigating
the involvement of these cell cycle regulators in the
anticancer effect of Crocetin in NMU-induced breast
cancer rats.

The cyclin D family comprises critical proteins that
facilitate the entry of cells into the cell cycle and
progression from G1 to S phase and act as the allosteric
regulator of the cyclin-dependent kinases 4 and 6 (CDK4
and CDK6). Normal cells carefully regulate Cyclin D1
expression. In contrast, its activity is increased in cancer
cells to various degrees (26). The overexpression of
cyclin D1 and the activation of CDKs in the G1 phase
may be key to shortening this phase, increasing the cell
proliferation rate, and oncogenesis (27). In humans, the
cyclin D1 gene is amplified in approximately 20% of
mammary carcinomas, and its protein is overexpressed
in more than 50% of cases (27). Cell cycle control,
adhesion, invasion, and tumor/stroma/immune-system
interplay in cancer are all linked by Cyclin D1’s
molecular bridge function (26). In the present study,
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RT-PCR and Western blot analysis indicate that cyclin
D1 expression was increased in the NMU-treated
rats, but Crocetin treatment significantly suppressed
its overexpression. Previous studies have shown that
decreased cyclin D1 expression was associated with the
anticancer potential of cow ghee due to the presence
of conjugated linoleic acid, n-3 polyunsaturated fatty
acid docosahexaenoic and eicosapentaenoic acid (28).
A similar effect was reported due to the treatment with
curcumin (29), and tamoxifen (30) in mammary tumors;
and black and green tea polyphenols and Crocin on
bladder cancer (31).

Furthermore, cyclin D1 is a target gene of the NFkB
pathway. It has been reported that alkylating agents such
as NMU significantly upregulate NFkB activation (32,
33). Therefore, the observed overexpression of cyclin
D1 in NMU-induced breast cancer may be related to
NF«B activation. Since the anti-inflammatory activity of
saffron and Crocetin due to the down-regulation of NFxB
activation has been reported (34), it can be deduced that
a part of the decreased cyclin D1 expression in Crocetin-
treated tumors occurred through the suppression of
the NFkB pathway. This is a subject that needs to be
examined.
p53 has been recognized as a tumor suppressor.
Its Dbiological consequences include development,
differentiation, gene amplification, DNA recombination,
chromosomal segregation, cellular senescence, apoptosis
induction, and cell-cycle regulation since 1990 (35).
The critical role of p53 in all types of human cancers,
especially breast cancer, has also been identified (36). In
addition, it is known that p21®!, a critical downstream
mediator of wild-type p53, regulates several cell cycle
proteins including cyclin D1, inhibits CDKs, and
induces cell cycle arrest (37). Increased expression of
p21¢P! in mammary tumors induced by DMBA has
been reported (38). We have also shown the induction
of p21¢r! after NMU administration in rats (39). An
increased expression of p53 has also been reported
after NMU administration to Sprague-Dawley rats (40).
Recently reported data in 30 breast cancer tissues and
10 normal breast specimens have shown positive THC
reactions for p53 in 27/30 (90%) breast cancer tissues,
compared with 2/10 (20%) normal breast tissues. In
that study, those ratios for p21“?! were 28/30 (93.33%)
in cancerous tissues and 3/10 (30%) in control tissues.
For cyclin D1, those ratios were 25/30 (83.33%) in
cancerous tissues and 1/10 (10%) in control tissues (41).
These data indicated high expression rates of p21¢r!,
cyclin DI, and p53 in malignant breast cancer cells
(41). Our data in Wistar Albino rats also indicated an
increased expression of these three markers after NMU
administration.

In contrast, other reports indicated a paradoxical effect
of p21¢*! expression on human breast cancer, which has
been related to the subcellular localization of p21€r!,
Thus, nuclear or cytoplasmic p21“P! has an essential
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role in its functional regulation as either a cell growth
inhibitor or an antiapoptotic molecule (42).

It has also been reported that abnormal cells increase
p21¢P! in an attempt to “break” the process of cellular
proliferation at the G1 checkpoint (43). Our RT-PCR
and Western blot results showed that Crocetin markedly
induced p21°r! and p53 expression in the tumor tissue of
the T2 group compared to T1. Given the role of p21¢®! in
cell cycle arrest, the suppression of tumor growth in the
presence of Crocetin is significant. The upregulation of
p21¢*! through p53-dependent or -independent pathways
has been reported previously in different cancer types
(44).

p27%P! is known as a cell cycle regulator that inhibits
G1 progression via CDK2 inhibition. In most cancers,
mitogens stimulate the elimination of p27%P! by
decreasing translation and increasing ubiquitin-directed
degradation (45), leading to lower expression of this cell
cycle inhibitor in tumor tissues. Our results indicated
a decreasing trend of p27%®! expression in T1 and T2
tumors, compared to the normal breast tissue of the C1
group. The expression of p27%P! is mainly controlled by
the rate of its mRNA translation and degradation rather
than by changes in transcriptional activities (46). We
also studied this protein at the mRNA level. In future
studies, p27%®! should be analyzed at the protein level.

Conclusions

The results of the present study indicated the
involvement of cell cycle regulators in terms of Cyclin
D1, p53, and p21©*! in the anticancer effect of Crocetin
against breast cancer. So, Crocetin suppressed tumor
growth by downregulating cyclin D1 and upregulating
p53 and p21°P!. The observed changes in the p27Xi!
mRNA indicated a decreasing trend after Crocetin
treatment.

Acknowledgment

The authors are thank the Research Council of Tarbiat
Modares University for supporting this project. We
especially thank from the Avicenna Research Institute
for their assistance in doing some experiments.

Conflict of Interest Statement
The authors declare that they have no conflict of interest.

References

1. Breast cancer. 2023: World Health Organization.

2. Ashrafi, M., S.Z. Bathaie, S. Abroun, and M. Azizian, Effect of
Crocin on Cell Cycle Regulators in N-Nitroso-N-Methylurea-
Induced Breast Cancer in Rats. DNA Cell Biol, 2015. https://
doi.org/10.1089/dna.2015.2951

3. Sun, Y., HJ. Xu, Y.X. Zhao, L.Z. Wang, L.R. Sun, Z. Wang, et

al., Crocin Exhibits Antitumor Effects on Human Leukemia HL-
60 Cells In Vitro and In Vivo. Evid Based Complement Alternat
Med, 2013. 2013:690164.https://doi.org/10.1155/2013/690164

4. Xi, L., Z. Qian,Du, and J. Fu, Pharmacokinetic properties
of Crocin (Crocetin digentiobiose ester) following oral
administration in rats. Phytomedicine, 2007. 14(9):633-6.
https://doi.org/10.1016/j.phymed.2006.11.028

5. Hoshyar, R., S.Z. Bathaie, and M. Sadeghizadeh, Crocin triggers
the apoptosis through increasing the Bax/Bcl-2 ratio and
caspase activation in human gastric adenocarcinoma, AGS,
cells. DNA Cell Biol, 2013. 32(2):50-7. https://doi.org/10.1089/
dna.2012.1866

6. Bathaie, S.Z., H. Miri, M.A. Mohagheghi, M. Mokhtari-Dizaji,
A.A. Shahbazfar, and H. Hasanzadeh, Saffron Aqueous Extract
Inhibits the Chemically-induced Gastric Cancer Progression in
the Wistar Albino Rat. Iran J Basic Med Sci, 2013. 16(1):27-38.

7. He, K.,Si, H. Wang, U. Tahir, K. Chen, J. Xiao, et al., Crocetin
induces apoptosis of BGC-823 human gastric cancer cells.
Mol Med Rep, 2014. 9(2):521-6. https://doi.org/10.3892/
mmr.2013.1851

8. Taheri, F., S.Z. Bathaie, M. Ashrafi, and E. Ghasemi, Assessment
of Crocin Toxicity on the Rat Liver. mdrsjrns, 2014. 17(3):67-
79.

9. Mousavi, B., S.Z. Bathaie, F. Fadai, Z. Ashtari, N. Ali Beigi,
S. Farhang, et al., Safety evaluation of saffron stigma (Crocus
Sativus L.) aqueous extract and Crocin in patients with
schizophrenia. Avicenna J Phytomed, 2015. 5(5):413-9.

10. Sanjari-Pour, M., N. Faridi,Wang, and S.Z. Bathaie, Protective
effect of saffron carotenoids against amyloid beta-induced
neurotoxicity in differentiated PC12 cells via the unfolded
protein response and autophagy. Phytother Res, 2023. https://
doi.org/10.1002/ptr.7773

11. Sajjadi, M. and Z. Bathaie, Comparative Study on The
Preventive Effect of Saffron Carotenoids, Crocin and Crocetin,
in NMU-Induced Breast Cancer in Rats. Cell J, 2017. 19(1):94-
101.

12. Ashrafi, M., S.Z. Bathaie, M. Taghikhani, and A.A. Moosavi-
Movahedi, The effect of carotenoids obtained from saffron
on histone H1 structure and H1-DNA interaction. Int J Biol
Macromol, 2005. 36(4):246-52. https://doi.org/10.1016/].
ijbiomac.2005.05.008

13. Chitsazan, A., S.Z. Bathaie, M.A. Mohagheghi, and S.
Banasadegh. Rat mammary tumor induced by NMU and
the effect of natural carotenoids. in XXXIst Symposium
on hormones and regulation: cancer cell signalling. 2006.
Hostellerie du Mont Sainte Odile, Ottrott, France.

14. Shibamoto, Y. and S. Takano, Non-Surgical Definitive
Treatment for Operable Breast Cancer: Current Status and
Future Prospects. Cancers (Basel), 2023. 15(6). https://doi.
org/10.3390/cancers 15061864

15. Riis, M., Modern surgical treatment of breast cancer. Ann
Med Surg (Lond), 2020. 56:95-107. https://doi.org/10.1016/].
amsu.2020.06.016

16. Mazurakova, A., L. Koklesova, M. Samec, E. Kudela, K. Kajo,
V. Skuciova, et al., Anti-breast cancer effects of phytochemicals:
primary, secondary, and tertiary care. Epma j, 2022. 13(2):315-
334, https://doi.org/10.1007/s13167-022-00277-2

17. Younas, M., C. Hano, N. Giglioli-Guivarc’h, and B.H. Abbasi,
Mechanistic evaluation of phytochemicals in breast cancer
remedy: current understanding and future perspectives. RSC
Advances, 2018. 8(52):29714-29744. https://doi.org/10.1039/
C8RA04879G

18. Bathaie, S.Z., N. Faridi, A. Nasimian, H. Heidarzadeh, and F.
Tamanoi, How Phytochemicals Prevent Chemical Carcinogens
and/or Suppress Tumor Growth? Enzymes, 2015. 37:1-42.
https://doi.org/10.1016/bs.enz.2015.06.003

19. Bolhassani, A., A. Khavari, and S.Z. Bathaie, Saffron and

Acta Biochimica Iranica 2(1): 22-30



https://doi.org/10.1089/dna.2015.2951
https://doi.org/10.1089/dna.2015.2951
https://doi.org/10.1155/2013/690164
https://doi.org/10.1016/j.phymed.2006.11.028
https://doi.org/10.1089/dna.2012.1866
https://doi.org/10.1089/dna.2012.1866
https://doi.org/10.3892/mmr.2013.1851
https://doi.org/10.3892/mmr.2013.1851
https://doi.org/10.1002/ptr.7773
https://doi.org/10.1002/ptr.7773
https://doi.org/10.1016/j.ijbiomac.2005.05.008
https://doi.org/10.1016/j.ijbiomac.2005.05.008
https://doi.org/10.3390/cancers15061864
https://doi.org/10.3390/cancers15061864
https://doi.org/10.1016/j.amsu.2020.06.016
https://doi.org/10.1016/j.amsu.2020.06.016
https://doi.org/10.1007/s13167-022-00277-2
https://doi.org/10.1039/C8RA04879G
https://doi.org/10.1039/C8RA04879G
https://doi.org/10.1016/bs.enz.2015.06.003

S. Z Bathaie et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

natural carotenoids: Biochemical activities and anti-tumor
effects. Biochim Biophys Acta, 2014. 1845(1):20-30. https:/
doi.org/10.1016/j.bbcan.2013.11.001

Bathaie, S.Z. and S.Z. Mousavi, New applications and
mechanisms of action of saffron and its important ingredients.
Crit Rev Food Sci Nutr, 2010. 50(8):761-86. https://doi.
org/10.1080/10408390902773003

Mousavi, S.H., J. Tavakkol-Afshari, A. Brook, and I. Jafari-
Anarkooli, Role of caspases and Bax protein in saffron-
induced apoptosis in MCF-7 cells. Food Chem Toxicol, 2009.
47(8):1909-13. https://doi.org/10.1016/j.£ct.2009.05.017
D’Alessandro, A.M., A. Mancini, A.R. Lizzi, A. De Simone,
C.E. Marroccella, G.L. Gravina, et al., Crocus Sativus stigma
extract and its major constituent Crocin possess significant
antiproliferative properties against human prostate cancer. Nutr
Cancer, 2013. 65(6):930-42. https://doi.org/10.1080/01635581.
2013.767368

Bathaie, S.Z., R. Hoshyar, H. Miri, and M. Sadeghizadeh,
Anticancer effects of Crocetin in both human adenocarcinoma
gastric cancer cells and rat model of gastric cancer. Biochem
Cell Biol, 2013. 91(6):397-403. https://doi.org/10.1139/bcb-
2013-0014
Dhar, A., S. Mehta, G. Dhar, K. Dhar, S. Banerjee, Van Veldhuizen,
et al., Crocetin inhibits pancreatic cancer cell proliferation and
tumor progression in a xenograft mouse model. Mol Cancer
Ther, 2009. 8(2):315-23. https://doi.org/10.1158/1535-7163.
MCT-08-0762

Magesh, V., J.P. Singh, K. Selvendiran, G. Ekambaram, and D.
Sakthisekaran, Antitumour activity of Crocetin in accordance to
tumor incidence, antioxidant status, drug metabolizing enzymes
and histopathological studies. Mol Cell Biochem, 2006. 287(1-
2):127-35. https://doi.org/10.1007/s11010-005-9088-0
Montalto, F.I. and F. De Amicis, Cyclin D1 in Cancer: A
Molecular Connection for Cell Cycle Control, Adhesion and
Invasion in Tumor and Stroma. Cells, 2020. 9(12). https://doi.
org/10.3390/cells9122648

Barnes, D.M. and C.E. Gillett, Cyclin D1 in breast cancer.
Breast Cancer Res Treat, 1998. 52(1-3):1-15. https://doi.
org/10.1023/A:1006103831990

Rani, R., VK. Kansal, D. Kaushal, and S. De, Dietary
intervention of cow ghee and soybean oil on expression of cell
cycle and apoptosis related genes in normal and carcinogen
treated rat mammary gland. Mol Biol Rep, 2011. 38(5):3299-
307. https://doi.org/10.1007/s11033-010-0435-1

Liu, Q., W.T. Loo, S.C. Sze, and Y. Tong, Curcumin inhibits
cell proliferation of MDA-MB-231 and BT-483 breast cancer
cells mediated by down-regulation of NFkappaB, cyclinD and
MMP-1 transcription. Phytomedicine, 2009. 16(10):916-22.
https://doi.org/10.1016/j.phymed.2009.04.008

Jang, T.J., J.H. Park, M.Y. Cho, and J.R. Kim, Chemically
induced rat mammary tumor treated with tamoxifen showed
decreased expression of cyclin D1, cyclin E, and p21(Cipl).
Cancer Lett, 2001. 170(2):109-16. https://doi.org/10.1016/
S0304-3835(01)00593-6

Zhao, P., C.L. Luo, X.H. Wu, H.B. Hu, C.F. Lv, and H.Y. Ji,
[Proliferation apoptotic influence of Crocin on human bladder
cancer T24 cell line]. Zhongguo Zhong Yao Za Zhi, 2008.
33(15):1869-73.
Moon, K.Y., N-nitroso-N-methylurea and N-nitroso-N-ethylurea
induce upregulation of cellular NF-kappa B activity through
protein kinase C-dependent pathway in human malignant

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

Acta Biochimica Iranica

keratinocytes. Arch Pharm Res, 2010. 33(1):133-9. https://doi.
org/10.1007/s12272-010-2235-5

Hinz, M., D. Krappmann, A. Eichten, A. Heder, C. Scheidereit,
and M. Strauss, NF-kappaB function in growth control:
regulation of cyclin D1 expression and GO/G1-to-S-phase
transition. Mol Cell Biol, 1999. 19(4):2690-8. https://doi.
org/10.1128/MCB.19.4.2690

Yang, R., L. Yang, X. Shen, W. Cheng, B. Zhao, K.H. Alj, et al.,
Suppression of NF-kappaB pathway by Crocetin contributes
to attenuation of lipopolysaccharide-induced acute lung injury
in mice. Eur J Pharmacol, 2012. 674(2-3):391-6. https://doi.
org/10.1016/j.ejphar.2011.08.029

Oren, M. and V. Rotter, Introduction: p53--the first twenty years.
Cell Mol Life Sci, 1999. 55(1):9-11. https://doi.org/10.1007/
5000180050265

Marei, H.E., A. Althani, N. Afifi, A. Hasan, T. Caceci, G. Pozzoli,
et al., p53 signaling in cancer progression and therapy. Cancer
Cell International, 2021. 21(1):703. https://doi.org/10.1186/
$12935-021-02396-8

Dotto, G.P., p21(WAF1/Cipl): more than a break to the cell
cycle? Biochim Biophys Acta, 2000. 1471(1):M43-56. https://
doi.org/10.1016/S0304-419X(00)00019-6

Jang, T.J., M..S. Kang, H. Kim, D.H. Kim, J.I. Lee, and J.R. Kim,
Increased expression of cyclin D1, cyclin E and p21(Cipl)
associated with decreased expression of p27(¥*!) in chemically
induced rat mammary carcinogenesis. Jpn J Cancer Res, 2000.
91(12):1222-32. https://doi.org/10.1111/1.1349-7006.2000.
tb00908.x

Ashrafi, M., S.Z. Bathaie, and S. Abroun, High Expression of
Cyclin D1 and p21 in N-Nitroso-N-Methylurea-Induced Breast
Cancer in Wistar Albino Female Rats. Cell J, 2012. 14(3):193-
202.

Crist, K.A., R.D. Fuller, B. Chaudhuri,Chaudhuri, and M.
You, Brief communication, P53 accumulation in N-methyl-N-
nitrosourea-induced rat mammary tumors. Toxicol Pathol, 1996.
24(3):370-5. https://doi.org/10.1177/019262339602400314
Jassim, M.M.A., K.H. Rasool, and M.M. Mahmood, p53, p21,
and cyclin dl protein expression patterns in patients with
breast cancer. Vet World, 2021. 14(10):2833-2838. https://doi.
org/10.14202/vetworld.2021.2833-2838

Zohny, S.F., A.L. Al-Malki, M.A. Zamzami, and H. Choudhry,
p21(Wafl/Cipl): its paradoxical effect in the regulation of
breast cancer. Breast Cancer, 2019. 26(2):131-137. https://doi.
org/10.1007/s12282-018-0913-1

Thor, A.D., S. Liu, D.H. Moore, 2nd, Q. Shi, and S.M. Edgerton,
P(21WAF1/CIP1) expression in breast cancers: associations
with p53 and outcome. Breast Cancer Res Treat, 2000. 61(1):33-
43, https://doi.org/10.1023/A:1006455526894

. Zhong, Y.J., F. Shi, X.L. Zheng, Q. Wang, L. Yang, H. Sun, et

al., Crocetin induces cytotoxicity and enhances vincristine-
induced cancer cell death via p53-dependent and -independent
mechanisms. Acta Pharmacol Sin, 2011. 32(12):1529-36.
https://doi.org/10.1038/aps.2011.109

Vlach, J., S. Hennecke, and B. Amati, Phosphorylation-
dependent degradation of the cyclin-dependent kinase inhibitor
p27. EMBO J, 1997. 16(17):5334-44. https://doi.org/10.1093/
emboj/16.17.5334

Slingerland, J. and M. Pagano, Regulation of the cdk
inhibitor p27 and its deregulation in cancer. J Cell Physiol,
2000. 183(1):10-7. https://doi.org/10.1002/(SICI)1097-
4652(200004)183:1<10::AID-JCP2>3.0.CO;2-1

Acta Biochimica Iranica 2(1): 22-30


https://doi.org/10.1016/j.bbcan.2013.11.001
https://doi.org/10.1016/j.bbcan.2013.11.001
https://doi.org/10.1080/10408390902773003
https://doi.org/10.1080/10408390902773003
https://doi.org/10.1016/j.fct.2009.05.017
https://doi.org/10.1080/01635581.2013.767368
https://doi.org/10.1080/01635581.2013.767368
https://doi.org/10.1139/bcb-2013-0014
https://doi.org/10.1139/bcb-2013-0014
https://doi.org/10.1158/1535-7163.MCT-08-0762
https://doi.org/10.1158/1535-7163.MCT-08-0762
https://doi.org/10.1007/s11010-005-9088-0
https://doi.org/10.3390/cells9122648
https://doi.org/10.3390/cells9122648
https://doi.org/10.1023/A:1006103831990
https://doi.org/10.1023/A:1006103831990
https://doi.org/10.1007/s11033-010-0435-1
https://doi.org/10.1016/j.phymed.2009.04.008
https://doi.org/10.1016/S0304-3835(01)00593-6
https://doi.org/10.1016/S0304-3835(01)00593-6
https://doi.org/10.1007/s12272-010-2235-5
https://doi.org/10.1007/s12272-010-2235-5
https://doi.org/10.1128/MCB.19.4.2690
https://doi.org/10.1128/MCB.19.4.2690
https://doi.org/10.1016/j.ejphar.2011.08.029
https://doi.org/10.1016/j.ejphar.2011.08.029
https://doi.org/10.1007/s000180050265
https://doi.org/10.1007/s000180050265
https://doi.org/10.1186/s12935-021-02396-8
https://doi.org/10.1186/s12935-021-02396-8
https://doi.org/10.1016/S0304-419X(00)00019-6
https://doi.org/10.1016/S0304-419X(00)00019-6
https://doi.org/10.1111/j.1349-7006.2000.tb00908.x
https://doi.org/10.1111/j.1349-7006.2000.tb00908.x
https://doi.org/10.1177/019262339602400314
https://doi.org/10.14202/vetworld.2021.2833-2838
https://doi.org/10.14202/vetworld.2021.2833-2838
https://doi.org/10.1007/s12282-018-0913-1
https://doi.org/10.1007/s12282-018-0913-1
https://doi.org/10.1023/A:1006455526894
https://doi.org/10.1038/aps.2011.109
https://doi.org/10.1093/emboj/16.17.5334
https://doi.org/10.1093/emboj/16.17.5334
https://doi.org/10.1002/(SICI)1097-4652(200004)183:1%3C10::AID-JCP2%3E3.0.CO;2-I
https://doi.org/10.1002/(SICI)1097-4652(200004)183:1%3C10::AID-JCP2%3E3.0.CO;2-I

	Crocetin regulates cell cycle progression in N-nitroso-N-methylurea(NMU)-induced breast cancer in ra
	A B S T R A C T 
	Keywords
	Introduction
	Materials and methods 
	Crocetin separation and purification 
	Animals and treatment 
	Tissue sample preparation 
	Reverse transcription (RT)-polymerase chain reaction (PCR) 
	Western blot analysis 

	Results
	Treatment response and pathology of mammary tumors 
	Expression of cyclin D1, p21Cip1, p53 and p27Kip1 

	Discussion
	Conclusions
	Acknowledgment
	Conflict of Interest Statement 
	References


