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ABSTRACT 

 

Marine novel natural products have been applied for cancer therapy. Enzyme-digested 
gelatin hydrolysates have proven to serve as promising sources of potent biologically active 
peptides.  

Potential anti-breast cancer properties of the extracted Ficin-digesterd gelatin hydrolysate 
from Indian squid (Uroteuthis duvauceli) was extensively characterized by cellular and animal 
models. Gelatin was extracted from squid skin, hydrolyzed by Ficin, and characterized by 
standard physico-chemical methods. Ficin-digested gelatin hydrolysate was used at various 
doses of 0-0.1 mg/mL for assessment of MCF-7 and MDA-MB-231 breast cancer cells 
versus HUVEC normal cells. Cytotoxicity, phase-contrast morphological examination, 
apoptosis/necrosis, clonal-growth, cell-migration, Matrix-metalloproteinases (MMPs) 
zymography, and Western blotting were used for cellular assessments. For animal studies, 
breast tumor-induced BALB/c mice received hydrolyzed gelatin regimen, followed by tumor 
size/growth and immune-histochemical analyses.  

Significant inhibition of MCF-7 and MDA-MB-231 with no cytotoxicity on HUVEC cells 
were detected. Apoptosis was increased in cancer cells, as revealed by elevated ratio of 
cleaved caspase-3 and PARP. MMP-2 and MMP-9 activities in both cancer cells were 
diminished. In mice, gelatin hydrolysate prevented weight loss, decreased tumor size, induced 
p53, and down-regulated Ki67 levels.  

These findings suggest that Ficin-digested gelatin hydrolysate could be a beneficial 
candidate for novel breast cancer therapies. 
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INTRODUCTION 

 
The marine ecosystem is the richest reservoir of 

organisms containing digestible proteins and functional 
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foods. Apart from providing fishery products, marine 

animals can generate a wide variety of medicines, 

nutraceuticals, novel enzymes, and bioactive and 

industrial compounds for food and healthcare. Recent 

scientific pursuit has thrown newer insights into the 

nutritional and therapeutic values of bioactive peptides 

components from these marine organisms.
1
 In 

particular, aquatic products and by-products have been 

proven to be potential sources of protein based products 

and bioactive peptides.
2
  

Gelatin is one of the valuable proteins that is 

derived from by-products and wastes, generated during 

animal slaughter and processing of marine sources by 

heat denaturation. This fibrous protein is widely used in 

food, pharmaceutical, cosmetic and photographic 

applications because of its unique chemical and 

physical characteristics.
3
 Commercial gelatins are 

mostly obtained from bovine and porcine skins and 

bones. However, the use of gelatin from these resources 

is  getting restricted, owing to the potential 

transmission of pathogenic vectors as well as some 

religious bans.
3,4

 Consequently, marine gelatin has 

gained increasing interest as the potential alternative 

for other gelatin sources like land animal counterpart.
5
 

Characteristics and functional properties of different 

marine species skin and bone gelatin has been 

intensively studied.
5
 Some fish and squid species skin 

gelatins have been reported to give rise to biologically 

active peptides with antioxidant, antimicrobial and 

antihypertensive activity, but a few references can be 

found in the scientific literature regarding anticancer 

effects of marine species gelatin.
5
  

Cancer is one of the largest single cause of death in 

human, and breast cancer is the most common cancer 

among women worldwide.
6,7

 The high morbidity and 

mortality are mainly attributed to metastasis, which 

generally contains invasion, intravasation, 

extravasation, circulation, and colonization steps in 

lung, bone, and liver.
8
 Surgical resection, radiotherapy 

and chemotherapy as conventional cancer therapy 

methods have been extensively applied. Despite 

remarkable therapeutic advances, frequent resistance to 

anticancer drugs still pose main problems.
5 

Therefore, 

recent research and development of more effective and 

less toxic natural health products have become essential 

by the pharmaceutical industry, with growing interest 

in the identification and characterization of natural 

antitumor agents. Measuring the cytotoxic properties of 

a natural health product compound against cancer cells 

provides beneficial intuitions into chemoprotective 

and/or chemotherapeutic potential agents as an 

effective treatment.
9
 

Among marine species, squid is one of the essential 

fishery product in southern seas of Iran. Squid skin, a 

by-product with low market value, is rich in gelatin and 

has recently been used for extraction to increase 

profitability.
5
 

The molecular weight distribution and amino acid 

composition of extracted gelatin are affected by squid 

processing conditions and are main factors shaping the 

functional and biological properties of gelatin.
10

 

Controlled enzymatic hydrolysis of protein compounds 

can produce a series of small polypeptides which can 

modify and even improve the protein functional and 

even biological characteristics.
11

 Interestingly, gelatin-

hydrolysate amino acid composition resulting from the 

hydrolysis with different type of enzymes reserves 

similarities with  that of the parent gelatins.
12,13

 

Regarding squid skin gelatin, to the best of our 

knowledge, there paucity of reports on possible 

anticancer activity of gelatin derived peptides or 

hydrolysates. However, there have been some 

investigations describing some cytotoxic and anti-

proliferative effects on breast cancer cells for gelatin 

hydrolysates prepared by enzymatic digestion of giant 

squid skin gelatin with seven commercial proteases.
14

 

Inhibition of apoptosis as a physiologic process of 

programmed cell death has been widely recognized as a 

mark of most types of cancer. Therefore, focus  

on inducing apoptosis in cancer therapies by natural 

health products with fewer side effects on normal cells, 

has recently been pursued by researchers.
15

 

In the present study, gelatin has been extracted from 

Indian squid skin and hydrolyzed with a novel natural 

and non-toxic protease, Ficin. 

Ficin-hydrolyzed gelatin then assessed for potential 

cancer cell inhibition and pro-apoptosis effects by 

using in vivo and in vitro experimental models. 

 

MATERIALS AND METHODS 

 

Squid skin Gelatin Preparation  

Indian squid (Uroteuthis duvauceli) were caught 

from the Persian Gulf and the squid outer tunics were 

removed and frozen at -20°C. Gelatin was extracted 

according to the method of Grossman and Bergman.
16

 

The supernatant viscous gelatinous mixture was dried 

at 42°C until moisture content was less than 15%  
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and stored at -20°C.  

 

Enzymatic Hydrolysis of Gelatin 

Squid skin gelatin was dissolved in water (2.5% 

W/V), then Ficin from fig tree latex, (Sigma-Aldrich, 

MO, USA) was added with an enzyme to substrate ratio 

of 1:30 (W/W). The reaction was conducted within 3 h, 

under optimal conditions (pH 7.5, 60°C)
17

 in order to 

produce bioactive peptides. The pH was monitored and 

adjusted during the hydrolyzing process. The enzyme 

was inactivated by heating the mixture at 90°C for 10 

min. Un-hydrolyzed aggregates were removed by 

centrifugation and the clear supernatant were collected, 

lyophilized and stored at -80°C. Furthermore, sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) used for analyzing the apparent 

molecular weight distribution of the hydrolyzed 

molecules using 5% stacking gel and 15% resolving 

gel, followed by Coomassie blue staining.
18,19

 Bovine 

hide gelatin Type І (Sigma-Aldrich, MO, USA) were 

used as markers of α-chain, β-chain and γ-component 

motilities.  

 

Determination of Amino Acid Composition  

In order to determine the amino acid composition, 1 

mg of the extracted gelatin and enzymatically digested 

gelatin were acid-hydrolyzed in 1 mL of 6 N HCl at 

110°C for 24 h, then mixed with norvaline (Sigma-

Aldrich, MO, USA). The resulting mixture were 

vacuum-dried, dissolved in application buffers and 

were injected into a RF-20A high performance liquid 

chromatography (HPLC) system (Shimadzu, Kyoto, 

Japan), equipped with fluorescence detector and 

Knauer C18 reversed-phase column. Running time was 

carried out for 0-50 minutes until amino acids 

separation completed. All measurements were 

performed in triplicate.  

 

Cell Culture and Cell Lines  

A couple of human breast cancer adenocarcinoma 

cell lines including MCF-7 (estrogen positive breast 

cancer cells) and MDA-MB-231 (estrogen negative 

breast cancer cells), as well as 4T1 (mice breast cancer 

cell line) and primary human umbilical vein endothelial 

cell line (HUVEC) were purchased from the National 

Cell Bank of Iran (NCBI, Tehran, Iran). All cell lines 

were cultivated and maintained in optimal conditions in 

RPMI 1640 medium supplemented with 10% fetal 

bovine serum (FBS), 100 U/mL penicillin and 100 

µg/mL streptomycin; at 37°C in a 5% CO2 and 95% air 

humidified incubator.
20

 

 

Cell Growth Inhibition Assay 

The possible anti-proliferative effects of squid skin 

gelatin hydrolysate on breast cancer cell lines as  

well as HUVEC cells were determined by MTT  

(3-[4, 5 dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium 

bromide; Sigma-Aldrich,  MO, USA) assay according 

to the method of Kumar et al.
21

 In brief, cells were 

seeded at a density of 1×10⁴ cells /well in a final 

volume of 200 µL in 96-well plates and various 

concentrations (0.0005, 0.001, 0.005, 0.01, 0.02, 0.05, 

0.1 mg/mL) of gelatin hydrolysate was added to the 

determined wells in triplicate manner. After 24 h 

incubation, 15 µL of 5 mg/mL MTT solution was 

added to each well. Following 3 h incubation, the 

medium of each well was removed and dimethyl 

sulfoxide (DMSO) was added to stop succinate-

tetrazolium reductase activity and solubilize the 

insoluble formazan crystals. The spectrophotometric 

absorbance was determined by Microplate Reader 

(BioTek, USA) at 570 nm. The results were expressed 

as relative percentage of cell growth of each well to the 

control cells. IC50 values (50% inhibitory dose) were 

defined as the gelatin hydrolysate concentrations 

causing 50% inhibition of cell growth compared to the 

control. 

  

Assessment of Morphological Changes in Cells 

To study the cell morphological changes, MCF-7, 

MDA-MB-231 and HUVEC cells were seeded in 24 

well plates at a density of 1×10
5 

cells /well and grown 

for 24 h until 80% confluency reached. Different 

concentrations (0.01, 0.02, 0.05, 0.1 mg/mL) of gelatin 

hydrolysate were added to each well and cells were 

incubated for 24 h at 37°C, 5% CO2 and 95% air. To 

determine morphological changes, the phase-contrast 

microscopy (Zeiss, Germany) was used at 200× 

magnification. 

 

Detection of Apoptotic Versus necrotic Cells 

Determination of apoptotic and necrotic cells was 

performed by using ethidium bromide/acridine orange 

(EB/AO) double staining assay. Cells were seeded at a 

density of 5×10
5 

cells /well in culture plates and after 

treatment with different concentrations (0.02, 0.05, 0.1 

mg/mL) of gelatin hydrolysate for 24 h, the cells 

stained with a mixture of AO (100 mg/mL) and EB 
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(100 mg/mL) (Sigma-Aldrich, MO, USA). The stained 

cells were scrutinized immediately by means of a 

fluorescence microscope (Zeiss, Germany) at 100× 

magnification. Untreated cells were observed as 

controls. In each experiment, more than 300 cells were 

counted. Results were expressed as Means±SEM for 

three independent determinations.
22

 

 

Clonal Growth Assay 

Clonal growth assay is an in vitro cell survival 

assay based on the ability of a single cell to grow into a 

colony. Reduction in tumor cells clonal survival was 

assessed by the modified clonogenic assay protocol.
23

 

A colony is defined as a bunch of at least 50 cells. To 

evaluate the ability of MCF-7 and MDA-MB-231 cells 

colony formation, cells at density of 1×10
3 

cells/plate 

on to the 50 mm culture plates were treated with 

different concentrations (0.02, 0.05, 0.1 mg/mL) of 

gelatin hydrolysate for 24 h in triplicate. Culture media 

were changed every 3 days until cells in control plates 

formed colonies with considerably good size (50 cells 

per colony is the minimum for scoring). Cells were 

then fixed by acetic acid/methanol ratio of 1:7 (V/V) 

for 20 min and stained with crystal violet. Number of 

colonies were counted with stereomicroscope at 100× 

magnification. 

 

Cell Migration Assay  

To assess cell motility and migration ability, a 

modified wound-healing model was used.
24

 In brief, 

MCF-7 and MDA-MB-231 cells were seeded with 

1×10⁶ cells per well in 6-well plates and allowed to 

grow to approximately 95% confluence. The confluent 

cell monolayers were incubated in the absence (as the 

vehicle control) or presence of different concentrations 

(0.02, 0.05, 0.1 mg/mL) of gelatin hydrolysate for 24 h. 

A horizontal incision was made with a 10 µL plastic 

pipette tip at the center of each well. Three random 

views along the scraped line were photographed in each 

well at 100× magnification at 0 and 24 h with a light 

phase contrast microscope (Olympus Optical, Tokyo, 

Japan) to evaluate the inhibition capability of gelatin 

hydrolysate on cell migration. The image was analyzed 

and average scraped width of each well measured and 

compared with control. 

 

Gelatin Zymography  

Gelatin zymography technique was used to measure 

the activity of secreted matrix-metalloproteinases 

(MMP-2 and MMP-9) as previously described.
25

 MCF-

7 and MDA-MB-231 cells were seeded in a 

conditioned-medium, then treated with different 

concentrations (0.01, 0.02, 0.05, 0.1 mg/mL) of gelatin 

hydrolysate in RPMI 1640 assay medium containing 

0.5% FBS. Untreated cells were used as control. 

Culture media were collected 24 h post treatment and 

centrifuged at 1500 rpm for 5 min at 4°C to remove 

debris. Samples were normalized based on their protein 

content, mixed with non-reducing sample buffer and 

separated by electrophoresis on 7% polyacrylamide gel 

containing 0.1% gelatin. After electrophoresis, gel was 

immersed in 2.5% Triton X-100 and subsequently 

incubated in enzyme buffer for 24 h at 37°C. Gel was 

stained with 0.5% Coomassie blue stain. The unstained 

bands correspond to the areas of proteolytic activity 

and gelatin digestion. Each experiment was carried out 

in triplicate. 

 

Western Blotting Analysis 

MCF-7 and MDA-MB-231 cells were treated with 

different concentrations (0.02, 0.05, 0.1 mg/mL) of 

gelatin hydrolysate. Cells collected and the protein 

concentration was calculated and adjusted by using 

Bradford’s method.
26

 Equivalent amounts of proteins 

were separated by SDS-PAGE electrophoresis and 

transferred onto a PVDF membrane (Millipore 

Corporation, Billerica, MA, USA). The membrane was 

then blocked with 5% non-fat dry milk in Tris-

Buffered-Saline with Tween (TBST) for 1 h at room 

temperature, and incubated with primary antibodies 

overnight at 4°C. This was followed by incubation with 

secondary antibody for 1 h at room temperature. After 

extensive washing with TBST, the Electro chemi-

luminescence (ECL) reagent was used to measure the 

chemi-luminescence intensity. β-actin was used as a 

loading control in entire western blotting analysis. The 

result was analyzed by measuring integrated density 

with Image J software.
27

 

 

Breast Cancer Animal Model Experiment 

The entire animal experiment was performed in the 

framework of grant coded 15882, approved on January 

10th, 2012, by the ―Research Council‖ of Tehran 

University of Medical Sciences, Tehran, Iran. Ethical 

guidelines for the care and use of laboratory animals 

were in accordance with the National Institute of 

Health Guide for Care and Use of Laboratory Animals 

(NIH publications no. 80-23). Six-weeks-old inbred 
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female BALB/c mice, purchased from Pasteur Institute 

(Tehran, Iran), were housed in a barrier with 12 h 

light/dark cycles at 22–24°C in an utterly designed 

pathogen-free isolation facility with food and water ad 

libitum at all times. One week before experimentation, 

animals were allowed to adapt. 1×10⁶ logarithmic 

growth phase 4T1 cells/200 µL were subcutaneously 

injected into the right flank of each treated mice. Ten 

days after inoculation, tumor mass was established. 21 

mice were randomized into three groups (7 mice/group) 

for the following treatments. The mice were orally 

administrated with gelatin hydrolysate (1 mg/1 mL/kg) 

daily for 32 days. The body weight of the mice and the 

tumor size were recorded everyday throughout the 

treatment period. Tumor size was measured using a 

digital Caliper, and volume (mm
3
) was calculated using 

the following formula: Length×width2×/6. Mice were 

sacrificed one month after starting treatment. The 

developed tumors and the main organs, including the 

liver, kidney, and spleen were excised, weighed and 

fixed in 10% formalin for following analysis. Organ 

weights were expressed as a percentage of body 

weight. 

 

Tissue Preparation for Histological Evaluation and 

Immune-Histochemical Staining  

The resected tumor was fixed in 10% formalin, 

embedded in paraffin and then sectioned. Tumor 

sections (5 µm) were stained with hematoxylin and 

eosin (H&E) subsequently photographed using a 

camera coupled to microscope (Olympus-BX51BX51, 

America, Center Valley PA) at 400× magnification for 

analyzing morphological and pathological evaluation of 

the samples. Tumor sections were also stained by 

immunohistochemistry. To assess expression of p53 

and Ki-67 (those are considered among the most 

sensitive markers of the proliferative cellular potential), 

an immune-histochemical staining (IHC), was used as 

previously described.
28

 In the current study, sections 

after blocking endogenous peroxidase using 3% 

hydrogen peroxidase, treated with primary mouse anti-

human monoclonal Ki67 and p53 antibodies were 

diluted 1:100 in phosphate-buffered saline containing 

0.1% Tween-20 (PBST) and 5% bovine serum albumin 

and subsequently with the secondary avidin-

biotinperoxidase and DAB (3,3’-diaminobenzidine 

tetrahydrochloride) antibodies. Sections were 

counterstained briefly with hematoxylin. Bright-field 

images of immune-stained tissues were viewed on 

microscope (Olympus-BX51BX51, America, and 

Center Valley PA) with digital camera for images 

acquisition. 

 

Statistical Analysis  

Statistical analyses were conducted using SPSS 

version 22 (IBM Corp., Armonk, N.Y., USA). All data 

were expressed as Mean±SEM. Statistical significances 

between the groups were determined by one-way 

analysis of variance (ANOVA) followed by a specific 

post hoc test to analyze the differences. A value of p 

less than 0.05 was considered to be statistically 

significant. 

 

RESULTS 

 

Molecular Weight Distribution of Gelatin and 

Gelatin Hydrolysate 

The electrophoretic (SDS-PAGE) patterns of squid 

skin gelatin and gelatin hydrolysate are shown in 

Figure 1. Apart from other factors, functional 

properties of gelatin are influenced by the distribution 

of molecular weight and composition of its subunits. 

Extracted gelatin was characterized by bovine hide 

gelatin Type І profile, with a notable amount of α-

chains (α1/α2 ratio around 2), a considerable presence of 

β-components (α-chain dimers) and particularly of 

higher molecular weight aggregates including γ–

components (α–chain trimers).  

 

Amino Acid Composition 

The amino acid composition of the squid skin 

gelatin and gelatin hydrolysate, compared to the bovine 

hide gelatin, expressed as residues per 1000 total amino 

acid residues, are shown in Table 1. One of the most 

predominant amino acid in gelatin was glycine and 

showing approximately 1/3 of the total amino acids and 

it was the major component. The amino acid 

composition of squid skin gelatin hydrolysate is very 

similar to that of the parent gelatin; both being rich in 

residues of alanine, argenine, aspartic acid/asparagine, 

glutamic acid/glutamine, glycine, proline and 

hydroxyproline.  

 

Ficin-Digested Gelatin Hydrolysate Significantly 

Inhibited Cell Growth  

To investigate the effect of squid skin gelatin and 

gelatin hydrolysate on cells growth, a dose-response  
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Figure 1. Considerable hydrolytic activity of ficin 

protease on squid skin gelatin. Electrophoretic patterns of 

squid skin gelatin (SSG) and squid skin gelatin 

hydrolysate (SSGH) were characterised by bovine hide 

gelatin (BHG) Type І profile as markers of α-chain, β-

chain and γ-component motilities. Sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis used for 

analyzing the apparent molecular weight distribution, 

using 5% stacking gel and 15% resolving gel, followed by 

Coomassie blue staining. α–chains, β and γ -components 

are clearly predominant in the electrophoretic profile of 

squid skin gelatin whereas hydrolyzed gelatin consisted of 

more degraded protein material without clear peptide 

bands.High molecular weight protein (HMWP) on the top 

of the polyacrylamide gel in both gelatin and gelatin 

hydrolysate is shown. 

 

experiment was performed on MCF-7, MDA-MB-

231and HUVEC cells. The pH value of the gelatin and 

gelatin hydrolysate were 6.7 and 7, respectively, in 

cellular analysis. Squid skin gelatin did not show 

inhibitory effect on cell growth (data not presented). 

However, Ficin-digested gelatin hydrolysate exerted 

a significant inhibitory effect on the growth of both 

MCF-7 and MDA-MB-231 in a dose-response manner 

with an IC50 of approximately 0.02 and 0.05 mg/mL, 

respectively. Conversely, HUVEC cells growth 

remained almost un-affected; only a significant growth-

decrease was detected when treated with high (0.1 

mg/mL) concentration of Ficin-digested gelatin 

hydrolysate (Figure 2). 

 

Cell Morphological Changes Was Detected after 

Ficin-Digested Gelatin Hydrolysate Treatment 

Morphological changes were examined under a 

phase-contrast microscopic exposure after MCF-7, 

MDA-MB-231 and HUVEC cells were treated with 

Ficin-digested gelatin hydrolysate. Figure 3 shows that 

gelatin hydrolysate induced morphological changes  

and cell membrane shrinkage. Apoptotic bodies were 

observed and cells were broken into smaller pieces  

and bubble-like blebs developed on the membrane in 

MCF-7 and MDA-MB-231 cells. 

 

 

Ficin-Digested Gelatin Hydrolysate Induced A 

Significant Dose-dependent Increase of Apoptosis in 

Treated Cells 

Double staining of two breast cancer cell lines are 

shown in Figure 4. In EB/AO fluorescent staining, cells 

were specified as viable, apoptotic and necrotic 

categories according to the fluorescence emission and 

the stained nuclei. Viable cells have green nuclei and 

apoptotic and necrotic cells appear to bear yellow and 

red nuclei, respectively. The maximum increase in the 

number of apoptotic cells were observed in 0.1 mg/mL 

concentration of gelatin hydrolysate in both cell lines. 

Necrotic cells appeared in a very small percentage. 

 

Marked Clonal Repression Was Induced by Ficin-

Digested Gelatin Hydrolysate 

A clonal growth assay in MCF-7 and MDA-MB-

231 breast cancer cell lines that are shown in Figure 5, 

confirmed that treatment with Ficin-digested gelatin 

hydrolysate, conferred a marked repression of clonal 

growth. In both cells, at the maximum experimental 

dose (0.1 mg/mL), gelatin hydrolysate strongly 

inhibited the clonal growth; it was about 87.6% and 

91.4% in MCF-7 and MDA-MB-231 cell lines, 

respectively. 

 

Ficin-Digested Gelatin Hydrolysate Inhibited Cell 

Migration of MCF-7 and MDA-MB-231 Cells 

Motility response of MCF-7 and MDA-MB-231 

cells to different concentrations of squid skin gelatin 

hydrolysate were shown in Figure 6. Treatments with 

Ficin-digested gelatin hydrolysate, renders the cracks 

unpopulated by migratory cells, whereas in the control 
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Table 1. Amino acid composition of Ficin-digested squid skin gelatin hydrolysate (SSGH) reserves similarities with squid skin 

gelatin (SSG) as a parent gelatin. Data were compared to the bovine hide gelatin (BHG) and expressed as residues per 1000 total 

amino acid residues. Data were expressed as Mean±SEM (N=3). Standard error of the mean were in all cases lower than 4%. 

Amino acid 
Number of residues/1000 residues 

SSG SSGH BHG 

Alanine 96.6 95.4 121.2 

Arginine 53 52 43.2 

Asparagine 0.2 0.1 0.7 

Aspartic acid 74.4 74 55 

Cysteine 1.1 1 0 

Glutamic acid 99.4 97 87 

Glutamine 1.7 1.2 1 

Glycine 332.1 330.4 343.4 

Histidine 5 6 4 

Hydroxylysine 8 10 14 

Hydroxyproline  70.1 66 48 

Isoleucine 24.4 27 21 

Leucine 28.5 31.2 26 

Lysine 10 9 23 

Methionine 3.4 3 1 

Phenylalanine 14.2 14 15 

Proline 79.9 85 121 

Serine 40.2 43 25 

Threonine 24.7 24 21.5 

Tryptophan  0 0 0 

Tyrosine 7.6 6.4 3 

Valine  25.5 24.3 26 

Total 1000 1000 1000 

 

 
Figure 2. Ficin-digested gelatin hydrolysate significantly inhibits the growing of both MCF-7 and MDA-MB-231 cells in a 

dose-response manner. MCF-7, MDA-MB-231 and HUVEC cells were treated with different concentrations (0.0005, 0.001, 

0.005, 0.01, 0.02, 0.05, 0.1 mg/mL) of gelatin hydrolysate for 24 h. Cell growth inhibition was assessed by MTT assay. HUVEC 

cells growth remained almost un-affected; only a significant growth-decrease was detected when treated with high (0.1 

mg/mL) concentration of Ficin-digested gelatin hydrolysate. *Significantly different from control group cells. (*p< 0.05, 

**p<0.01 and ***p<0.001). Data were expressed as mean±SEM (N=3). (0 mg/mL no treated cells as a control group).  
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group, migratory cells healed the slit thoroughly, 

indicating the migration-inhibitory effect of gelatin 

hydrolysate on MCF-7 and MDA-MB-231 cells. At the 

most effective dose of (0.1 mg/mL), gelatin hydrolysate 

strongly inhibited the motility of both cells, it was 

about 95% and 93% in MCF-7 and MDA-MB-231 cell 

lines, respectively. 

 

Matrix-Metalloproteinase Activity Was 

Significantly Hindered by Ficin-Digested Gelatin 

Hydrolysate in a Dose-Response Fashion 

The activity of matrix-metalloproteinases, as 

assessed by zymography, was shown in Figure 7. The 

presence of MMPs activity resulted in clear bands, 

which was assigned to MMP-2 and MMP-9. At the 

most effective dose (0.1 mg/mL) of gelatin 

hydrolysate, densitometric analysis of the zymograms 

showed reductions of 87.6% and 83.4% MMP-2 and 

MMP-9 in MCF-7 cells and 67.3% and 63.7% MMP-

2 and MMP-9 respectively in MDA-MB-231 cells, 

respectively, as compared to untreated control cells. 

 

Cleavage of Apoptosis Markers, Caspase-3 and 

PARP, Was Markedly Induced by Ficin-Digested 

Gelatin Hydrolysate 

Western Blot analysis was performed to determine 

caspase-3 expression and PARP cleavage in MCF-7 

and MDA-MB-231 cells treated by squid skin gelatin 

hydrolysate (Figure 8). Results demonstrated that the 

gelatin hydrolysate significantly increased the level of 

caspsae-3 in treated cells, as compared to the 

untreated control cells. In parallel, a significant 

increase in cleaved PARP protein as a marker for cells 

undergoing apoptosis, in MCF-7 and MDA-MB-231 

cells, was observed. This was confirmed by a 

significant PARP cleavage from 116 to 89 KDa 

observed following the treatment. 

 

Ficin-Digested Gelatin Hydrolysate Decreased 

Tumor Growth In vivo 

To investigate whether Ficin-digested gelatin 

hydrolysate treatment had any impact on tumor 

progression in vivo, female BALB/c mice were 

injected with murine breast cancer 4T1 cells and 

orally treated with gelatin hydrolysate for a period of 

32 days. Body weight and the tumor size were 

recorded daily in tumor-bearing animals. Results 

indicate tumor size reduction in gelatin hydrolysate 

treated animals. Interestingly, mean tumor volume 

and weight in treated mice significantly decreased to 

38.94% and 61.53%, respectively, as compare to the 

control group which were treated with PBS (Figure 9: 

A). Body and the main organs weight, including liver,  

 

 

 
Figure 3. Ficin-digested gelatin hydrolysate induces morphological changes and cell membrane shrinkage in MCF-7 and 

MDA-MB-231 cells in a dose-response manner. Cells were treated with different concentrations (0.01, 0.02, 0.05, 0.1 mg/mL) 

of gelatin hydrolysate for 24 h. The morphological changes of (A) MCF-7, (B) MDA-MB-231 and (C) HUVEC cells were 

examined under a phase-contrast microscope at 200× magnification. (0 mg/mL no treated cells as a control group). 
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Figure 4. Ficin-digested gelatin hydrolysate increases apoptosis in MCF-7 and MDA-MB-231 cells. (A) MCF-7 and (B) MDA-

MB-231 cells were treated with different concentrations (0.02, 0.05 and 0.1 mg/mL) of gelatin hydrolysate for 24 h and 

stained with a mixture of ethidium bromide/acridine orange fluorescent staining and scrutinized by means of a fluorescence 

microscope (magnification at 100×). Green, yellow and red cells (shown with green, yellow and red arrows) point to live, 

apoptotic and necrotic cells, respectively.  Different values of (C) apoptotic and necrotic cells as percentage of all cells, 

measured by ethidium bromide/acridine orange fluorescent staining. Necrotic cells appeared in a very small percentage in 

both cell lines. *Significantly different compared to control group cells. (**p<0.01 and ***p<0.001). Data were expressed as 

mean±SEM (N=3). (0 mg/mL no treated cells as a control group). 
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Figure 5: Ficin-digested gelatin hydrolysate represses clonal formation of MCF-7 and MDA-MB-231 cells. About 1×103 MCF-

7 and MDA-MB-231 cells were seeded on to the 50 mm plates and after treatment with different concentrations (0.02, 0.05 

and 0.1 mg/mL) of gelatin hydrolysate for 24 h, medium changed every 3 days. At the end visible colonies were fixed and 

stained. Morphological analysis of (A) MCF-7 and (B) MDA-MB-231 cells and (C) quantities analysis of inhibitory effect of 

gelatin hydrolysate are shown.  Number of colonies were counted with stereomicroscope at 100× magnification. Data were 

expressed as Mean±SEM (N=3). *Significantly different from control group cells. (**p<0.01 and ***p<0.001). (0 mg/mL no 

treated cells as a control group). 

 
kidney, and spleen in tumor-bearing mice are 

depicted in Figure 9: B. Results showed no reduction 

in body weight and main organs weight. Organs shape 

and size remained comparably normal in treated 

versus untreated animals. In addition, no death 

observed in any of the treated groups during the 

course of experiment. 

 

Ficin-Digested Gelatin Hydrolysate Decreased the 

Nucleus to Cytoplasm Ratio, Decreased Ki67 and 

Increased p53 Protein Levels In vivo 

Histological evaluation of breast cancer tumor-

bearing animals, treated with Ficin-digested gelatin 

hydrolysate, is depicted in Figure 10: A and B. H&E 

staining of the resected tumor sections was used to 

determine the nucleus to cytoplasm ratio of tumor 

cells. Results showed that untreated tumors tissue, 

excised from control untreated tumor-bearing mice, 

consist of pleomorphic tumor cells with ovoid or round 

shape, high density and disordered cells. These tumors 

showed wide range of viable tumor cells. Nucleus to 

cytoplasm ratio of untreated cells were high. 

Conversely, gelatin hydrolysate-treated tumors showed  
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Figure 6: Ficin-digested gelatin hydrolysate inhibits the motility of MCF-7 and MDA-MB-231 cells. Cell motility inhibition 

was analyzed by a modified wound healing model. cells were seeded and treated with different concentrations (0.02, 0.05, 0.1 

mg/mL) of gelatin hydrolysate for 24 h.Photographs were taken 0 and 24 h after wound edges were generated. Wound areas 

were evaluated with a light phase contrast microscope at 100× magnification. Morphological analysis of (A) MCF-7 and (B) 

MDA-MB-231 cells and (C) Quantitative analysis of the inhibitory effects of gelatin hydrolysate on cell motility after 

treatments are shown. Cell migration was analyzed by Image J software. Data were expressed as Mean±SEM (N=3). 

*Significantly different from control cells. (**p<0.01 and ***p<0.001). (0 mg/mL no treated cells as a control group). 

 

 

a smaller amount of viable tumor cells and reduction  

of nucleus to cytoplasm ratio. In treated tumor tissues, 

polygonal nuclei were observed in majority of cells. 

To further investigate whether the gelatin 

hydrolysate had any impact on tumor progression in 

vivo, immunohistochemistry analysis was used to 

assess p53 and Ki67 protein levels. As shown in Figure 

10: C and D, Ki67 expression was strongly decreased 

in tumor tissues of the treated group. The expression of 

p53, however, was increased in treated group, as 

compared to control untreated tumor tissues. 
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Figure 7. Ficin-digested gelatin hydrolysate reduces proteolytic activity of matrix-metalloproteinases (MMP-2 and MMP-9) 

in MCF-7 and MDA-MB-231 cells. Gelatin zymography technique was carry out. Culture media of treated cells with 

different concentrations (0.01, 0.02, 0.05, 0.1 mg/mL) of gelatin hydrolysate were separated by electrophoresis on 7% 

polyacrylamide gel containing 0.1% gelatin. Morphological analysis of proteinase (MMPs) presence in (A) MCF-7 and (B) 

MDA-MB-231 cells where resulted in clear bands and (C) quantitative analysis of the relative secretion density of MMP-2 

and MMP-9 in MCF-7 and MDA-MB-231 cells are shown. Data were expressed as mean±SEM (N=3). *Significantly different 

from control cells. (**p<0.01 and ***p<0.001). (0 mg/mL no treated cells as a control group). 
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Figure 8. Ficin-digested gelatin hydrolysate increases the level of caspsae-3 and cleaved PARP proteins as markers for cells 

undergoing apoptosis, in MCF-7 and MDA-MB-231 cells. Cells were treated with different concentrations (0.02, 0.05 and 0.1 

mg/mL) of gelatin hydrolysate for 24 h. Proteins were separated on sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis, western blotted, probed with anti-caspase-3 and anti-cleaved PARP antibodies and reprobed with anti-β-

actin antibody. Caspase-3 and cleaved PARP levels in (A) MCF-7 and (B) MDA-MB-231 cells treated with gelatin 

hydrolysate are shown and the densities of (C) caspase-3 bands and (D) cleaved PARP bands in MCF-7 and MDA-MB-231 

cells were measured and their ratio to β-actin were calculated. Data were expressed as mean±SEM (N=3). *Significantly 

different from control cells. (*p< 0.05 and **p<0.01). (0 mg/mL no treated cells as a control group). 

 

Figure 9. Ficin-digested gelatin hydrolysate decreases tumor growth in vivo with no side effects on vital organs. Female 

BALB/c mice were injected subcutaneously with 4T1 cells and after tumor mass establishment, orally administrated with 

gelatin hydrolysate (1mg/1mL/kg/day) for 32 days. (A) Tumor volume and (B) body and main organ (liver, kidney and 

spleen) weight gain were measured following treatment of the 21 breast cancer tumor bearing mice compared to the first day. 

Each value represents as Mean±SEM from 7 mice per group. (***p<0.001 as compared with control). (No treated mice as 

control groups). 
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Figure 10. Ficin-digested gelatin hydrolysate decreases Ki67 and increases p53 protein levels and decreases the nucleus to 

cytoplasm ratio in vivo. Histology analysis was assessed by immune-histochemical and hematoxylin and eosin staining. 

Tumors resected from mice of the experiment were processed for tumor sections. Hematoxylin and eosin staining of (A) 

control mice compared to (B) treated mice showing smaller amount of viable cells and nucleus to cytoplasm ratio in treated 

group. Immune-histochemical staining of breast tumors in treated mice compared to control showing (C) Ki67 expression 

was strongly decreased and (D) p53 expression was significantly increased, indicated by brown nuclei. All magnifications ×50.  

 
DISCUSSION 

 

The notable aspect of chemopreventive properties 

of marine organisms as natural products and 

functional foods are mostly pertaining to the 

negligibly toxic or non-toxic feature of their 

consumption. Since chemotherapy side effects and 

drug resistance are major and challenging hindrance 

to cancer treatment, studies developed recently to 

cope with these problems. From another perspective, 

innumerable tones of byproducts from aquatic 

products processing which are considered as wastes, 

that most of them are discarded without any attempt at 

recovery, are potential sources of gelatin as a protein-

rich product, with antioxidant and anticancer 

properties.
29,30

 In a chemoprevention study, using 

lower concentration of an anticancer compound to 

reach the best cancer preventive effect, would be the 

ideal result. The doses of gelatin hydrolysate in this 

study are extremely low.   

In this study, gelatin extracted from Indian squid 

skin was extensively analyzed by standard qualitative 

and quantitative techniques. Proximate composition 

determination, molecular weight distribution, unique 

enzymatic hydrolysis with commercial Ficin enzyme 

(sulfhydryl protease and family of cysteine 

proteases
31,32

 that acts on bonds involving uncharged 

and aromatic amino acids)
33

 were perforemed. In 

addition, amino acid composition test confirmed the 

presence of key amino acids components of squid skin 

gelatin as a protein compound. This allows that the 

growth inhibitory effect of this natural health product 

extract could be at least partly due to protein content. 

Evidently, molecular weight distribution of extracted 

squid skin gelatin, showed α-chains (α1/α2) as the 

major constituents. α–chains, β and γ -components are 

clearly predominant in the electrophoretic profile of 

squid skin gelatin whereas hydrolyzed gelatin 

consisted of more degraded protein material without 

clear peptide bands. Ficin-digested gelatin may be 

composed of a wide range of poly disperse products 

with varying degrees of hydrolysis. An appreciable 

amount of protein with high molecular weight 

aggregates on the top of the polyacrylamide gel was 

present in both gelatin and gelatin hydrolysate. This 

may be either due to the extraction temperature or, 

there is some aggregation and heat-stable cross-links 

formed during hydrolysis process. Ficin showed a 
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considerable hydrolytic activity on squid skin gelatin, 

as judged by SDS-PAGE results. 

Amino-acid compositon analysis revealed that one 

of the most predominant amino acid in gelatin was 

glycine and showing approximately 1/3 of the total 

amino acids and it was the major component. Proline 

residues in squid skin gelatin hydrolysate was 

noticeably higher in comparison with the non-

hydrolysate sample. This reveals a much higher degree 

of proline hydroxylation in squid hydrolysate. This a 

result of higher collagen cross linking in the squid 

gelatin, which was in fact the product of Ficin 

hydroxylation. High contents of the glycine, proline 

and hydroxyproline were obtained in both gelatin and 

gelatin hydrolysate. The hydroxylproline content was 

lower in hydrolysate. This result suggests a tendency of 

hydroxylproline to remain in the molecularly larger 

peptides. The presence of hydroxyproline is associated 

with small residual fragments in triple helix that hinder 

Ficin activity. Overall, a very similar amino acid 

composition was observed in both gelatin and gelatin 

hydrolysate (p>0.05). According to the results of the 

SDS-PAGE pattern and the amino acid composition of 

the squid skin gelatin and gelatin hydrolysate, Ficin 

showed an efficient hydrolysis on squid skin gelatin. 

This study illustrates that gelatin hydrolysate at 

concentration of 0.1 mg/mL, 10-fold diluted than 

previous studies,
14

 effectively inhibited the growth of 

MCF-7 and MDA-MB-231 that are  two human breast 

cancer cell lines. In accordance with MTT assay, this 

finding suggests that gelatin hydrolysate showed a 

dose-dependent cytotoxic effect on MCF-7 and MDA-

MB-231 cells. Ficin-digested gelatin hydrolysate 

elicited no morphological changes in HUVEC cells, 

except at the highest (0.1 mg/mL) dose. 

Reports on  esperase- or alcalase-digested gelatin 

hydrolysate showed cytotoxic effects on cancer cells.
14

 

Strikingly, our data showed that Ficin-digested squid 

skin gelatin hydrolysate decreased breast cancer cells 

growth by cytotoxic and antiproliferative effects, even 

more intensely than other proteases hydrolysates 

reported so far. Inhibition of apoptosis, is an obvious 

hallmark of cancer cells. In the present study, apoptosis 

was observed in the breast cancer cells treated with 

Ficin-digested gelatin hydrolysate as illustrated by the 

morphological assessment, apoptotic and necrotic 

staining. Compared with spontaneous apoptosis 

observed in control cells, a dose dependent increase in 

induction of apoptosis was observed in cells treated 

with Ficin-digested gelatin hydrolysate. Western Blot 

analysis was performed to determine the possible 

molecular mechanisms of apoptosis induced by squid 

skin gelatin hydrolysate.  Cleavage of PARP and 

caspase-3 expression provides one of the most 

noticeable patterns in apoptosis.
34

 Harmoniously, the 

employed histochemical and molecular methods of 

apoptosis in this study provided similar results, 

suggesting that Ficin-digested gelatin hydrolysate 

induces apoptosis in breast cancer cells in a dose-

dependent fashion, and is directly correlated with the 

inhibition of cell growth. The induced apoptosis by 

Ficin-digested gelatin hydrolysate was evidenced, as 

well, by nuclear condensation, cell membrane 

shrinkage, and increased cleaved caspase-3 and PARP 

molecules in both MCF-7 and MDA-MB-231 cells, 

suggesting the triggered activation of apoptotic 

signaling pathways. In parallel, reduction in the 

colonogenic survival of tumor cells advocates that 

Ficin-digested gelatin hydrolysate can potentiate cancer 

cell killing. Production and activation of matrix-

metalloproteinases break down the stroma and hence 

facilitate cancer cell metastasis.
35

 There exist numerous 

report indicating over expression and secretion of 

MMP-2 and MMP-9 in highly metastatic tumors, 

induced in reaction to the stimulation occurred by 

different protein factors.
36

 Treatment with Ficin-

digested gelatin hydrolysate significantly reduced the 

gelatinolytic activities of secreted matrix-

metalloproteinases (MMP-2 and MMP-9) in a dose 

dependent manner. Our results advocate that the 

triggered inhibition of cell migration by Ficin-digested 

gelatin hydrolysate could potentially be related to the 

repression of matrix-metalloproteinases (MMP-2 and 

MMP-9) activities.  

In tumor-bearing animal experiments, Ficin-

digested gelatin hydrolysate, administrated in BALB/c 

mice, inhibited tumor growth, as assessed by tumor size 

evaluation and p53 and Ki67 immunohistochemistry 

analyses. Results of Ki67 immunostaining, nuclear 

marker protein, correlated well with that of cellular 

proliferation and cell growth fraction of neoplastic cell 

populations, indicating that diminished tumor cell 

proliferation was closely aligned with the reduction of 

Ki67 expression in tumor-bearing mice treated with 

Ficin-digested gelatin hydrolysate. These accorded 

reductions were accompanied by increased expression 

of p53 protein, characterizing potential pro-apoptotic 

properties of Ficin-digested gelatin hydrolysate. 
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No marked toxicity or abnormal side effect was 

observed in vital organs of tumor-bearing mice treated 

with gelatin hydrolysate.  

Data on in vitro assessments allowed us to 

demonstrate that Ficin-digested gelatin hydrolysate 

inhibited the proliferation and growth of breast cancer 

cells in a dose dependent manner and enhanced the 

apoptosis of MCF-7 and MDA-MB-231 cells.  In vivo 

results, by generation of tumor mouse model of breast 

cancer suggest that gelatin hydrolysate inhibit the 

tumor growth, possibly by triggering apoptosis 

signaling. Our study indicated that Ficin-digested 

gelatin hydrolysate could be a potential natural health 

product in treatment of human breast cancer, though 

calling for further clinical trial investigations. In 

conclusion, the novel introduced Ficin-digested gelatin 

hydrolysate of Indian squid skin gelatin from Persian 

Gulf, exerted a potent cytotoxic and antiproliferative 

effects on the two breast cancer cell lines with respect 

to apoptosis activity in vitro and reduced the tumor 

growth of breast cancer in vivo. Collectively, this 

unique functional food hydrolysate of squid skin 

gelatin presented anticancer properties. The production 

of enzymatic hydrolysate with biological activities is an 

interesting alternative to the use of raw waste materials 

derived from the fishing industries. These data provide 

compelling evidence and propose that squid skin 

gelatin hydrolysates produced with Ficin digestion, 

could be employed in anticancer materials in combined 

natural health products and functional foods and 

supplements. Further confirmatory in vivo 

investigations are suggested and study in depth are 

needed in order to elucidate the nature and structure of 

the fractions of gelatin hydrolysates and discern the 

mechanisms of action. 
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