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Purpose: Breast cancer is the most common type of cancer in
women. Despite various pharmacological developments, the
identification of new therapies is still required for treating breast
cancer. Crab is often recommended as a traditional medicine for
cancer. This study aimed to determine the in vitro effect of a hy-
droalcoholic crab shell extract on a breast cancer cell line. Meth-
ods: In this experimental study, MCF7 breast cancer cell line was
used. Crab shell was powdered and a hydroalcoholic (70° etha-
nol) extract was prepared. Five concentrations (100, 200, 400,
800, and 1,000 pg/mL) were added to the cells for three periods,
24, 48, and 72 hours. The viability of the cells were evaluated
using trypan blue and 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide assays. Cell apoptosis was determined us-
ing the terminal deoxynucleotidyl transferase dUTP nick end la-

beling method. Nitric oxide (NO) level was assessed using the
Griess method. Data were analyzed using analysis of variance,
and p<0.05 was considered significant. Results: Cell viability
decreased depending on dose and time, and was significantly
different in the groups that were treated with 400, 800, and 1,000
pg/mL doses compared to that in the control group (p<0.001).
Increasing the dose significantly increased apoptosis (p<0.001).
NO secretion from MCF7 cells significantly decreased in re-
sponse to different concentrations of the extract in a dose- and
time-dependent manner (p<0.050). Conclusion: The crab shell
extract inhibited the proliferation of MCF7 cells by increasing
apoptosis and decreasing NO production.
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INTRODUCTION

Cancer is a major health problem and one of the main
causes of mortality worldwide [1]. At present, breast cancer is
the most common cancer in women around the world [2]. The
common therapies for cancer are surgery and chemotherapy.
Chemotherapeutical agents greatly damage cell DNA, affecting
normal cells as well as cancer cells, and cause side effects such
as digestive problems, leukopenia, and hair loss. Furthermore,
drug resistance limits the effectiveness of chemotherapy [3].

Approximately 60% of the drugs approved for cancer treat-
ment are derived from natural sources. Vincristine, etoposide,
irinotecan, taxane, and camptothecin are examples of plant-
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derived compounds [4]. One of the important compounds in
cancer treatment is chitin, (CsH;305N),. It was first derived
from a fungus and is the first known polysaccharide [5]. Potent
acids can dissociate chitin, a water-insoluble polymer, into ace-
tic acid and chitosan. Chitosan is a nontoxic polymer produced
by the deacetylation of chitin. Chitin is the main component of
arthropod exoskeletons, tendons, and respiratory tract lining,
and cell walls of the majority of fungi. Crustacean shells are a
source of chitin (20%-30%). Crab shell also contains lipidic
pigments such as carotenoids (astaxanthin, astatine, and can-
thaxanthin), lutein, and 3-carotene [6].

Jeon and Kim [7] found that oligomers of chitosan exhibit
antitumor activities in vitro and in vivo. Low-molecular-
weight chitosan has been shown to have remarkable antimeta-
static effects against lung cancer in mice [8]. Maeda and
Kimura [9] investigated the antitumor effects of low-molecu-
lar-weight chitosan and reported a decline in tumor growth
and final tumor weight in mice with sarcomas. In recent years,
the viability of cancer cells has remarkably decreased in some
cell lines, regardless of whether the chito-oligosaccharide
(COS) derivatives were positively or negatively charged [10].

Carotenoids are yellow-orange pigments that are found in all
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higher plants and some animals. A diet containing carotenoids
can decrease the risk of cancer in various tissues. Clinical stud-
ies have shown that some carotenoids have powerful antitumor
activities both in vitro and in vivo [11]. The anticancer activities
of different natural carotenoids as well as -carotene have been
documented. Carotenoids (a-carotene and lutein), zeaxanthin,
lycopene, astaxanthin, crocetin, and -carotene can prevent
cancer [12]. Sachindra et al. [13] examined the quantitative
and qualitative distribution of carotenoids in the meat and
shell of the major marine crab (Charybdis cruciata) and fresh-
water crab (Potamon). The total carotenoid content in both
species was low. Astaxanthin and its esters, and zeaxanthin
were the major carotenoids found in the fresh-water crab ex-
tract.

Selenium is an essential part of the diet of organisms, includ-
ing humans, and acts as a protective factor against cancer. Al-
though the anticancer activity of selenium is not completely
known, it has been suggested that various mechanisms, such as
antioxidant protection by selenoenzymes, inhibit the develop-
ment of tumor cells, regulate and modulate the cell cycle, in-
hibit apoptosis, and repair DNA. Recent studies have indicated
that selenium not only has the potential to prevent cancer but
could also be used to treat cancer and enhance the effective-
ness of cancer therapy in combination with other anticancer
drugs or radiation [14]. In cell culture models, selenium com-
pounds have been shown to inhibit the development of cancer
cells by reducing cell proliferation via cell cycle control or an
increase in apoptosis [15].

Considering the current prevalence of breast cancer and the
necessity to identify and develop new pharmaceutical com-
pounds, especially those with a natural origin, as well as the
primary information obtained from traditional medicine, this
study was aimed to determining the effect of hydroalcoholic
crab shell extract on the viability, apoptosis, and nitric oxide
(NO) secretion of MCF7 cell line.

METHODS

The MCF?7 cell line was treated with hydroalcoholic crab
shell extract (100, 200, 400, 800, and 1,000 pg/mL doses) for
three periods, 24, 48, and 72 hours. Each experiment was re-
peated 3 to 5 times and the means of the data were used.

Extraction

Fresh-water crab was prepared and identified in terms of
sex and species (Potarmon persicum) by a zoologist (from Razi
University, Kermanshah, Iran). The crab shell was powdered,
and 5 g of powder was dissolved in 150 mL of 70% ethanol for
48 hours in darkness. It was subsequently filtered through filter
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paper and dried to evaporate the alcohol; thereafter, the final
powder was weighed (0.59 g). The solvent of the final powder
was a serum-free cell culture medium (RPMI 1640), and the
prepared concentrations were passed through a 0.22-um filter
before use.

Cell viability assessment using trypan blue

A total of 3x 10* MCF7 cells were cultured in each well of a
24-well culture dish. Subsequently, 750 pL of RPMI 1640
(containing 10% fetal bovine serum) was added to each well
and the dishes were kept in a CO, incubator for 24 hours. The
supernatants were then removed and 1 mL of serum-free
RPMI 1640 medium containing 0 (control), 100, 200, 400,
800, and 1,000 pg/mL concentrations of crab shell extract was
added to each well. After 24 hours, the supernatant of each
well was removed and frozen at -20°C for NO measurement.
The cells were then detached using trypsin (0.25%, 100 pL),
stained with trypan blue, and counted using a Neubauer cham-
ber, and then, their viability was calculated. Cell viability was
similarly calculated for wells incubated for 48 and 72 hours.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay

The basis of this test is that the mitochondrial enzyme suc-
cinate dehydrogenase in viable cells is capable of reducing the
tetrazolium MTT salt to insoluble formazan, which is purple
in color; the greater the number of viable cells, the greater the
intensity of the stain and vice versa. To perform the test,
15x 10> MCF?7 cells were loaded into a 96-well plate and 200
L of RPMI medium containing 7% serum was added. After
24-hour incubation, 200 pL of various concentrations of the
extract (0, 100, 200, 400, 800, and 1,000 ug/mL) dissolved in
serum-free RPMI 1640 medium was added to the wells. The
cells were separately incubated with different doses for 24, 48,
and 72 hours.

After incubation, the MTT test was performed in which the
supernatant from each well was removed and 500 pL of MTT
solution (5 mg/mL) was added to each well and incubated for
3 hours. The supernatant from each well was then removed
and 100 pL of dimethyl sulfoxide was added to dissolve the
formazan crystals at room temperature for 30 minutes. The
optical density of each well was measured using an enzyme-
linked immunosorbent assay (ELISA) reader (STAT FAX
2100; Awareness Technology, Westport, USA) at 570 and 630
nm. The viability of the cells for each concentration was calcu-
lated using the following formula [16]:

Cell viability (%) = [A570, 630(sample)/A (control)] x 100
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NO assay

NO was measured using the Griess staining method. For
each sample, 400 pL of thawed supernatant was deproteinized
by adding 6 mg of zinc sulfate. The samples were centrifuged
at 4°C and 12,000 g for 12 minutes. Separately, 100 uL of 0,
6.25, 12.5, 25, 50, 100, and 200 uM sodium nitrite was poured
into standard wells. We then added 100 pL of the deprotein-
ized samples to each well, and 100 pL of vanadium chloride, 50
L of sulfanilamide, and 50 UL of N-(1-naphthyl) ethylenedi-
amine dihydrochloride were added to all the wells (standard
and samples). All wells were incubated for 15 minutes and
were assessed using an ELISA Reader at wavelengths of 570
and 630 nm [17].

Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay

Apoptosis in the MCF?7 cells was analyzed using the TUNEL
method. This method is used to determine DNA fragmenta-
tion during apoptosis cell death. MCF7 cancer cells were cul-
tured in 96-well culture plates with 15x 10° cells in each well.
Subsequently, 200 pL of RPMI 1640 medium was added to
each well and incubated for 24 hours. The supernatant was
then removed and 200 UL of each dose of crab shell extract was
added to the cells and incubated for 72 hours. The cells were
then fixed in 4% paraformaldehyde for 1 hour. The permeabil-
ity of the cell membranes was increased by adding 0.2% Triton
x-100 solution (Sigma, St. Louis, USA) for 2 minutes on ice.
The cells were then incubated with TUNEL mixture solution
at 37°C in dark conditions for 1 hour. Finally, differential stain-
ing of the cells was performed using propidium iodide (5 pg/
mL; PI) and the cells were analyzed using a fluorescence mi-
croscope (Eclipse TS100; Nikon, Tokyo, Japan) after being
washed with phosphate-buffered saline three times [18]. The
apoptotic index of the cells was calculated as the percentage of
apoptotic cells relative to the total cell number.

Apoptotic index (%) = (number of apoptotic cells/total
number of cells) x 100

Crab shell components

To determine the extract contents, it was subjected to gas
chromatography-mass spectrometry (GC-MS). The type of
GC device used was an Agilent 6890 with a HP-5MS column
with a length of 30 m, internal diameter of 0.25 mm, and
thickness of 0.25 um. The column temperature plan consisted
of a primary temperature of 50°C, with a 5-minute retention
period and a thermal gradient of 3°C every minute. The tem-
perature was then increased to 180°C with a velocity of 10°C
per minute, and then to 260°C with a 4-minute retention peri-
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Table 1. Biochemical compounds from the analysis with gas chroma-
tography-mass spectrometry

The most compounds

Eicosane (CAS)
Pyrido[2,3-d]pyrimidine
N-(2-Acetylcyclopentylidene)cyc
Hexadecanoic acid
9-Octadecenoic acid (2)- (CAS)

CAS =chemical abstracts service; cyc=cyclohexylamine.

od. Helium was used as the carrier gas with a 1-mL/min flow
speed. The total analysis was completed in 45 minutes. The re-
sults obtained from the analysis were compared using the data
present in the machine. Biochemical compounds (75) were
obtained from the analysis, which was related to retention time
and extraction of compounds from the extract (Table 1).
Moreover, atomic absorption spectrometry (VGA 77; Varian
Inc., Mulgrave, Australia) was used to determine the amount
of selenium in the extract.

Data analysis

Data were analyzed using one-way analysis of variance with
SPSS version 16.0 (SPSS Inc., Chicago, USA) software, and
Pp<0.05 was considered significant.

RESULTS

MCF?7 viability

Comparison of the mean MCF?7 cell viabilities analyzed us-
ing the trypan blue method after 24, 48, and 72 hours indicated
a significant difference between the groups treated with crab
shell extract (400, 800, and 1,000 pg/mL) compared to the con-
trol group (p<0.001). Increasing the dose significantly de-
creased the cell viability (Figure 1A, B).

Comparison of the mean MCF?7 cell viabilities analyzed us-
ing the MTT assay after 24, 48, and 72 hours revealed a signif-
icant difference between the groups treated with crab shell ex-
tract (400, 800, and 1,000 ug/mL) in comparison with the
control group. Cell viability was again significantly decreased
by increasing the dose (Figure 2).

NO levels

NO concentration was evaluated using the Griess method.
The effect of different concentrations of crab shell extract on
MCEF?7 cells after 24, 48, and 72 hours indicated a dose- and
time-dependent decrease in NO secretion. The difference
compared to the control group was significant with the 800
and 1,000 pg/mL doses (p<0.050) (Figure 3).
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Figure 1. (A) MCF7 viability (%) after 24, 48, and 72-hour exposed to different doses of crab shell extract. Significant difference between the experi-

ments and control groups were seen.

*0<0.05; 1p<0.001. (B) MCF7 cells in control and different doses of the extract at 72 hours by invert microscope (x 100).
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Figure 2. MCF7 cell line viability (%) in different crab shell extracts and
different culture periods. There is significant difference between the
groups.

*0<0.05; 1p<0.001.

MCF7 apoptosis

The apoptosis index of MCF?7 cells treated with crab shell
extract showed an increase from control to experimental
groups in order of concentration, exhibiting a significant dif-
ference with 400 (p<0.050), and 800 and 1,000 pg/mL (p<
0.001) doses (Figure 4A, B).

Extract compounds

Using GC-MS, the presence of chitosan, COS, and carot-
enoids such as astaxanthin in the extract was confirmed. Fur-
thermore, atomic absorption spectrometry measured the
amount of selenium as 12.5 ppm (VGA 77 Varian).
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Figure 3. Nitric oxide (NO) levels in different groups and different culture
periods. Significant difference between groups.
*0<0.05.

DISCUSSION

In this study, the effect of crab shell hydroalcoholic extract
on a breast cancer cell line (MCF7) was evaluated. Five doses
(100, 200, 400, 800, and 1,000 pg/mL) of the extract were pre-
pared and their effects on the cells were analyzed over three
time periods of 24, 48, and 72 hours. MTT assay and trypan
blue methods were used to determine cell viability. A decreas-
ing trend was observed in cell viability along with a rising
trend in apoptosis, with significant differences with 400, 800,
and 1,000 pg/mL doses compared with the control group.

The NO level in the MCF7 culture medium of extract-treat-
ed cells significantly decreased depending on dose and time at
800 and 1,000 pg/mL doses after 48 and 72 hours. Generally,
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TUNEL assay-MCF7 72 hr
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Figure 4. (A) MCF7 apoptotic index (%) after 72-hour with different amounts of crab shell extract. Significant difference between groups. *p<0.05;
p<0.001. (B) Identification of apoptosis in MCF7 cell line following terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining and
counterstaining with propidium iodide after 72 hours of exposure crab shell extract. TUNEL positive cells (apoptotic nuclei) identified by a distinct
bright yellow stained chromatin (arrows). C+: The positive control was incubated with ethanol 10% for 10 minutes, all cells are seen as bright yellow.
C-: The positive control was incubated with label solution without enzyme solution. No TUNEL positive cells were observed (x 200).

24, 48, and 72-hour periods [19] and 100-1,000 pg/mL doses
[20] are used to analyze the effects of natural compounds on
cancer cell lines. The antiproliferative properties of fresh-water
crab shell extract can be attributed to the presence of carot-
enoids, chitin derivatives (COS and chitosan), and selenium,
which induce apoptosis and decrease NO secretion.

Chitin is the second natural polymer frequently found in the
exoskeleton of crustaceans and cell wall of fungi. Chitosan and
COS are its main derivatives, for which the antiproliferative
properties have been reported in different cancer cell lines in
various studies [9-11]. COS extracted from fungi has also been
reported to inhibit the development of a liver carcinoma cell
line (HepG2) at five concentrations and over three periods
[19], which is similar to the findings of the present study in
terms of inhibition of MCF?7 cell proliferation at different doses
and times.

The effect of raw and cooked crab shell extract and its deriv-
ative carotenoids on a liver-tumor cell line (AH109A) has pre-
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viously been evaluated and the inhibitory effect observed has
been attributed to the antioxidant effect of the extract [21].
However, in the present study, the inhibitory effect of crab shell
extract on a breast cancer cell line was associated with NO de-
crease and induction of apoptosis. The inhibitory effect on
MCEF?7 cells was due to decreasing NO secretion, as reported
by Yin et al. [22], although decreasing cyclooxygenase 2 and
cytokine expression are additional factors to consider.

A decrease in NO secretion and dose- and time-dependent
decrease in the viability of a liver carcinoma cell line (HepG2)
and subsequent larynx carcinoma (Hep2) have been attributed
to saffron extract and its carotenoids [23]; this finding is in line
with the results of the present study. The effect of one of the
components of selenium, methyl selenic acid, on the viability
of MCF?7 cancer cells assessed using the MTT assay showed
inhibition of cell development by 50% over three periods of
24, 48, and 72 hours and an increase in cell apoptosis after 48
hours [19]. As in the present study, increasing the dose and
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time caused cell growth to decline but viability did not fall be-
low 50%, which could be because raw extract was used in the
present study unlike the previous study that used distinct and
pure compounds. Furthermore, similar apoptotic effects of
selenocysteine on MCF7 cells and of sodium selenite on a
prostate cancer cell line (JCA1, DU145) have been reported in
the studies of Chen and Wong [18] and Gasparian et al. [24],
respectively.

Moreover, an antioxidant and antiproliferative effect on a
human bladder cancer cell line (1T24) has been reported after
48 hours, depending on chitosan concentration [25]. The effect
of one of the compounds derived from chitin, astaxanthin, on
a human esophagus cancer cell line (TE-4) over 24, 48, and 72
hours was investigated, and dose-dependent inhibition was
observed [26]. Furthermore, astaxanthin derived from the
green alga Haematococcus pluvialis exerted an inhibitory effect
on a large intestine cancer cell line (HCT-116) via apoptosis in-
duction [27]. The findings obtained in the present study are
similar to those obtained previously, and confirm the findings
regarding different cancer cell lines. Our study had limitations:
we did not evaluate the effect of crab sell extract on normal
breast epithelial cells. Moreover, using MCF10A cell as normal
breast epithelial cell line, can’t substitute normal cell character-
istic completely. MCF10A cell line has a near-diploid karyo-
type with modest genetic modifications [28].

In conclusion, crab shell extract inhibited the proliferation
of a breast cancer cell line in a dose- and time-dependent
manner. It seems that the extract exerts its effect through a re-
duction in NO production and induction of apoptosis. Chitin
derivatives, carotenoids, and selenium are important factors
to consider in the process of growth inhibition.
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