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The antioxidant and antiproliferative activity of red tilapia (Oreochromis spp.) viscera hydrolysates (RTVH) was
evaluated. For that, the hydrolysates was applied to three cancer cell lines (HepG2, Huh7 and SW480) and the
control (CCD-18Co). Finally, the line on which the hydrolysate had the greatest effect (SW480) and the control
(CCD-18Co) were subjected to the ApoTox-Glo Triplex Assay to determine apoptosis, toxicity, and cell viability.
The result showed that hydrolysate had a dose-dependent cytotoxic effect selective on the three cancer cell lines,
compared to the control cells. There is a relationship between the antioxidant capacity of RTVHs and their

antiproliferative capacity on cancer cells evaluated, which achieved cell viability by action of RTVH of 34.68 and
41.58 and 25.41 %, to HepG2, Huh7 and SW480, respectively. The action of RTVH on cancer cell line SW480 is
not due to the induction of apoptosis but to the rupture of the cell membrane.

1. Introduction

Cancer consists of uncontrolled proliferation and abnormal cell
growth around tissues. Therefore, one of the strategies to treat cancer
has been the control of unregulated cell proliferation [1]. This is how
anti-proliferative activity of different compounds, has been evaluated in
cancer cells, including various peptides from fish sources such as RTV
[2], among others multiple compounds derived from fish sources [3,4].

On the other hand, oxidative stress has been identified as one of the
main causes of cancer. Therefore, the antioxidant capacity of a com-
pound has been sufficient to propose it as potentially useful for the
treatment of this disease [5]. Thus, a direct relationship has been
observed between the antioxidant and anticancer activity of different
compounds, including several types of peptides [5-7]. This is the case of
peptides obtained by enzymatic hydrolysis from RTV, which proved to
have a protective capacity against oxidative stress in Caco-2 cells
without showing a cytotoxic effect, preventing the decrease in cell
viability and reducing the accumulation of reactive oxygen species when
they were subjected to stress by the action of HyO, [2]. The same way,
antioxidant peptides obtained from protein hydrolysates in Pacific white
shrimp (Litopenaeus vannamei), induced apoptosis and anticancer ac-
tivities in colon cancer cell line HCT-116 [8]. In addition, antioxidant
peptides from skipjack tuna can effectively protect HaCaT cells from
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UVB-irradiated damage [9] and have a cytoprotective effect against
ultraviolet-A radiation injury in human dermal fibroblasts [10].

Additionally, some metals with physiological importance, such as
iron and copper, may catalyze the formation of reactive oxygen species
[11], as in the case of OH, that are formed by the Fenton reaction and
can cause damage to different types of tissues [11]. For that reason, the
capacity of peptides for metal chelating and prevent the formation of
metal-catalyzed radicals, could be considered a form of antioxidant ac-
tivity [12].

Furthermore, the obtaining of bioactive compounds from fish waste,
could help to reduce its release into the environment. This is important
given that the fish industry produces nearly 60-70 % of production as
waste [2], and tilapia (Oreochromis sp.) is one of the most consumed
fish, being the fourth most important freshwater species with 4.2 million
tons in 2016. Freshwater tilapia and other fish such as catfish and carp
species are projected to account for about 62 % of total global aqua-
culture production in 2030 [13].

In this study, the relationship between the antioxidant activity of
hydrolysates from RTV, metal chelating activity, and antiproliferative
activity in 3 cancer cell lines (HepG2, Huh7 and SW480) was evaluated
using the cell line CCD-18Co as a control. Finally, the mechanism by
which hydrolysates can affect the cell proliferation of cancer cells was
researched. In the present work, the relationship between antioxidant
activity, evaluated by different methods and antiproliferative activity of
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Abbreviations

AAA: Combined total of antioxidant amino acids include Asp,
Glu, Met, Tyr.

AAT: Total amino acids

AAE: Essential amino acids

AANE Non-essential amino acids

AAPH Crocin, 2,2-azobis(2- metilpropionamidine)
dichlorhydrate

ABTS: 2,2'-Azino-bis (3-ethylbenzenothiazoline-6-sulfonic acid)

AC: Antioxidant capacity

ANOVA: Analysis of variance

B: Consumed volume of the base, L

bis-AAFR110: bis-alanylalanyl-phenylalanyl-rhodamine 110
CBA: Crocin bleaching
CCD-18Co: Healthy human colon cell line

DCFDA: 2,7-dicholofluorescein diacetate

CMFDA: 5-chloromethylfluorescein diacetate

DH: Degree of hydrolysis

DMEM + GlutaMAXTM: Dulbecco’s Modified Eagle Medium
FAO: Food and Agriculture Organization

FBS: Fetal bovine serum

Fl: Fluorescein

FMOC:  9-fluorenylmethyl chloroformate

FRAP:  Ferric reducing ability of plasma

GF-AFC: Glycylphenylalanyl-aminofluorocoumarin

HAA: Hydrophobic amino acids include Gly, Ala, Val, Met, Phe,
Ile, Leu.

HAT: Hydrogen atom transfer

HEPES: N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)
HepG2: Human liver cancer cell line
HPLC:  High-performance liquid chromatography

Huh7:  Hepatocyte-derived carcinoma cell line

He Number of total peptide bonds in the native protein, per
unit of weight

ICsp: half-maximal inhibitory concentration

MP: Mass of the protein, kg

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylthiazolium
bromide

NB: Concentration of the base

OH: Hydroxyl radicals

ONU: United Nations
OPA: O-phthaldialdehyde

ORAC:  Oxygen radical absorbance capacity
PBS: Phosphate buffered solution
PL: Propidium iodide

RTV: Red tilapia (Oreochromis spp.) viscera

RTVH: Red tilapia (Oreochromis spp.) viscera hydrolysates
SW480: Human colon adenocarcinoma cell line

TE: Trolox equivalent

TEAC:  Trolox equivalent antioxidant capacity

TPTZ: 2,4,6-tri(2-pyridyl)-s-triazine

WHO:  World Health Organization

Symbols

o Degree of dissociation of the amino groups released during
the reaction

AAp: Loss in absorbance values within 20 min of reaction, in the
absence of the sample

AA: Loss in absorbance values within 20 min of reaction, in the
presence of the sample

Aqg: Absorbance of the sample

Ay: Absorbance of the control

RTVH, is demonstrated.
2. Materials and methods
2.1. Reagents

TT, PI, DCFDA, ABTS, TPTZ, AAPH, fluorescein sodium salt, and
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were
purchased from Sigma-Aldrich (Oakville, Ontario, Canada). CMFDA was
obtained from Abcam (Cambridge, Massachusetts, USA). Annexin V
apoptosis detection kit FITC was purchased from eBioscience (San
Diego, CA, USA). DMEM + GlutaMAXTM, non-essential amino acids,
HEPES, antibiotic solution (penicillin-streptomycin), FBS, PBS, and
trypsin-EDTA solution (2.5 g/L trypsin and 0.2 g/L EDTA) were acquired
from Gibco (Scotland, UK). The enzyme selected for the hydrolysis of
RTV was Alcalase 2.4L®, due to it efficiency to produce hydrolysates
with high DH [14-16] and techno-functional properties and a less bitter
taste than other enzymes [17-19]. It was purchased from Novo Nordisk
Co. (Bagsvaerd, Denmark).

2.2. Samples and cell lines

RTV were obtained from random samples of 3 different production
batches (approximately 17,000 fish are sacrificed in each batch) taken
from Piscicola el Gaitero (Antioquia, Colombia), it was kept chilled in a
cooler with frozen gels while it was taken to the laboratory. RTV were
homogenized and heated to 90 °C for 20 min to inactivate the endoge-
nous enzymes and remove most of the fat, according to the methodology
of Gomez et al., 2017 [20]. Subsequently, the aqueous fraction was
stored at -20 °C until hydrolysis was carried out. On the other hand, the

differences between several batches were not significant, due to ho-
mogenization and defatted process. HepG2, Huh7, SW480, and
CCD-18Co cell lines were used for biological assays. These were ob-
tained from The European Collection of Authenticated Cell Cultures
(ECACC, UK).

2.3. Engymatic hydrolysis

Hydrolysis was carried out at 60 °C and pH 10 in a 500 mL reactor
with 8 g protein/L as substrate, enzyme/substrate ratio of 0.306 Anson
Units of Alcalase 2.4L®/g of protein at a constant stirring rate of 960
rpm, which were controlled by means of a combined glass electrode
connected to an automatic titrator (Titrando 842, Metrohm), according
to the method proposed by Gémez et al., [21]. The reaction was moni-
tored for 10 h through the DH, expressed as the ratio between the
number of hydrolyzed peptide bonds (h) and the number of total peptide
bonds in the native protein per unit of weight (ht), according to Eq. (1),
using the pH-stat method [22].

B NB

DH (%) = Mp o hi @

Here a ht of 8.2 Eq/Kg was employed, which was calculated by the
OPA method, while a and pK were calculated with Egs. (2) and (3),
respectively [22].
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2.4. Antioxidant parameters

Four in vitro methods were applied to evaluate the AC of the RTVH:
two based on HAT reactions (ORAC and CBA), one based on electron
transfer reactions (FRAP), and one that can involve either of the two
mechanisms (TEAC).

2.5. TEAC assay

This method, based on the capacity of a sample to inhibit the ABTS
radical (ABTS+) compared with a standard antioxidant reference (Tro-
lox®), was used according to the protocol described by Gémez and
Zapata [23]. The ABTS+ radical was generated by the chemical reaction
of potassium persulfate with ABTS. One milliliter of the ABTS+ radical
was mixed with 100 pL of the sample or standard and was left in a dark
place for 60 min; after this, the absorbance (730 nm) was measured
using a UV-VIS spectrophotometer (GENESYS 10S, Thermo Scienti-
fic™). The Trolox calibration curve was prepared for a concentration
range of 0-250 pM and the results were reported as micromoles of
Trolox equivalents per gram of protein (pmol TE/g of protein).

2.6. ORAC assay

The ORAC method was used with FL as the “fluorescent probe” as
described by Gémez and Zapata [23]. A mixture of 150 pL of FL (1 pM)
and 25 pL of the samples were pre-incubated for 30 min at 37 °C. Then,
25 pL of an AAPH solution in PBS (250 mM) was added. Fluorescence
intensity was measured every 2 min for 120 min (Aexc = 485 nm and
Aem = 520 nm) and the area under the curve was calculated. The Trolox
calibration curve was prepared for a concentration range of 0-200 pM
and the results were reported as pmol TE/g of protein.

2.7. CBA assay

The peroxyl radical scavenging activity was evaluated according to
the protocol mentioned by Ordoudi and Tsimidou [24], with some
modifications. Crocin (100 pM) and AAPH (18.5 mM) working solutions
were prepared daily in 0.01 M PBS (0.12 M NaCl, pH 7.4). 400 pL of
crocin was mixed with 200 pL of the sample (1 mg/mL) and the reaction
started with the addition of AAPH (400 pL). After ~30 s of stirring, the
absorbance of the test solution was measured at 442 nm. The test so-
lution was then left in a dark place for 20 min and the absorbance was
measured again. The percentage of inhibition of the crocin bleaching
value (% Inh) was calculated as:

AA, — AA)

( AA, — AA)
%inh = B4 = a4
" { AA,

} x 100%Inh = {( } x 100 @
AA,

2.8. FRAP assay

The FRAP assay was performed as previously described by Bedoya
et al.,, 2017 [25]. 900 pL of FRAP reagent (containing TPTZ, FeCl3, and
an acetate buffer) was freshly prepared and warmed at 37 °C, was mixed
with 90 pL of distilled water and 30 pL of a sample or a Trolox standard,
and incubated at 37 °C for 60 min. Finally, absorbance values were
recorded at 595 nm. Aqueous solutions of Trolox concentrations be-
tween 0 and 500 pM were used for calibration purposes. Results were
expressed as pmol of TE/g of protein.

2.9. Metal chelation capacity

Calcium binding capacity. RTVHs were mixed to a final concentration
of 2 g protein/L with sodium phosphate buffer (0.2 M, pH 8) with excess
CaCl2 (5 mM). The solution was stirred at 200 rpm for 30 min at room
temperature and then centrifuged at 10,000x g for 10 min in order to
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remove insoluble calcium phosphate salts. The calcium content of the
supernatant was determined using a colorimetric method with ortho-
cresolphthalein complexone reagent by reading the absorbance at 570
nm [26]. The amount of calcium ion bound to the peptides was con-
verted from mg/L to mg/g protein based on the protein content of the
samples. All experiments were performed in triplicate and values were
expressed as mean + standard deviation.

Iron chelating capacity. Iron binding capacity was determined by
measuring the formation of the Fe2+-ferrozin complex according to the
method of Zhu et al., 2015 [27] with some modifications. 20 pL of 2 mM
FeSO4 were mixed with 40 pL of 5 mM ferrozin and 1 mL of the sample
(0.2 mg protein/mL) or distilled water for control. The mixture was
homogenized and its absorbance was read after 10 min at a wavelength
of 562 nm. The analyses were performed in triplicate and the ability to
chelate iron calculated according to Eq. (5).

A

Chelation percentage of Fe (%) = (1 — A_> x 100 5)
0

2.10. Determination of amino acid compositions

The amino acid composition of RTVH-5 was determined by using
reversed-phase HPLC as previously mentioned by Cigi¢ et al., 2008 [28].
7.5 mg of RTVH-5 or protein were hydrolyzed using 1.5 mL of 6 M HCl-
0.1 % fenol at 110 °C for 18 h. Analyses were carried out using an Ul-
tiMate 3000 HPLC (Thermo-Dionex, USA) equipped with a Zorbax
Eclipse AAA-C18 column (4.6 x 150 mm, 5 pm particle size). HPLC runs
were conducted at 40 °C and a flow rate of 2.0 mL/min, and eluted peaks
were monitored at 338 nm for OPA derivates of primary amino acids and
262 nm for FMOC derivates of secondary amino acids.

2.11. Evaluation of the antiproliferative effect of hydrolysates on cancer
cell lines

The relationship between the antioxidant and anticancer activity of
bioactive peptides has been widely reported [5-7]. For this reason, the
antiproliferative effect of the hydrolysate with the highest antioxidant
capacity (RTVH-5) on the cell viability of 3 cancer cell lines of great
clinical interest was evaluated (HepG2, Huh7, SW480), and CCD-18Co,
as controls. All cells were cultured according to the protocol described
by Agudelo et al., 2017 [29] in a supplemented DMEM medium at 37 °C
in a humidified atmosphere with 5 % COs. Cells were seeded in 96-well
culture dishes at a concentration of 5000-10,000 cells/well and cultured
for 24 h.

Subsequently, the cytotoxic activity of RTVH-5 was determined at
different concentrations (0.5 - 16 mg/mL) for 48 h on the SW480 cell
line and the non-cancerous cell line CCD-18Co to determine the ICsq
(concentration of the sample that is required to inhibit cell growth by 50
%, compared to control cells) and the selectivity index (SI), which cor-
responds to the ICsg value determined for CCD-18Co cells, divided by
the ICso determined for SW480 cancer cells. The cytotoxicity exerted by
the hydrolyzate on cell lines was determined by the MTT method as an
indirect analysis of cell viability.

2.12. ApoTox-Glo assay

Cells treated for 48 h with RTVH-5 at concentrations from 0.5 to 2
mg/mL, were analyzed by ApoTox-Glo Triplex Assay (Promega, Madi-
son, USA) to determine the viability, cytotoxicity and caspase activation
events (apoptosis), of SW480 and CCD-18Co cells.

Cells were seeded in 96-well culture dishes, and after hydrolyzate
treatment, 20 pL of reagent was added to assess viability/cytotoxicity.
This contains GF-AFC substrate and bis-AAFR110 substrate. The dish
was incubated for 30 min at 37 °C, and the fluorescence was read at AEx
= 400 nm/AEm = 505 nm for GF-AFC and AEx = 485 nm/AEm = 520 nm
for bis-AAF-R110 in the reader of GLOMAX dishes (Promega, Madison,
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Fig. 1. Degree of hydrolysis (DH) as a time function to enzymatic hydrolysis of
VTR with Alcalase 2.4L®.

USA). Then, 100 pL of the Caspase-Glo 3/7 reagent was added, the dish
was incubated for 90 min at 25 °C, and the luminescence was read [29].

Cell viability was measured in intact viable cells by means of the cell-
permeable, fluorogenic peptide substrate, GF-AFC. The substrate enters
intact cells where it is hydrolyzed by living cell proteases to generate a
fluorescent signal proportional to cell viability. As a cytotoxicity marker,
a second fluorogenic peptide substrate impermeable to cells is used, bis-
AAF-R110. It allows the measuring of the activity of proteases of dead
cells that have lost the integrity of their membrane. Because bis-
AAFR110 is not cell-permeable, essentially no signal from this sub-
strate is generated by intact, viable cells. Finally, to measure apoptosis in
cells, a caspase-3/7 luminogenic substrate containing the DEVD tetra-
peptide sequence is used in a reagent optimized for caspase activity,
luciferase activity, and cell lysis. Adding the reagent causes cell lysis,
followed by cleavage of the substrate by caspase and the generation of a
luminescent signal produced by luciferase that is proportional to the
activity of caspases present [30].

2.13. Statistical analysis

The values are expressed as a mean =+ standard deviation from at
least two separate experiments (n = 4). Differences between means were
identified by a One-way ANOVA, followed by the Tukey’'s HSD test.
Correlations within antioxidant parameters (ABTS, FRAP, ORAC, and
CBA) were obtained by using Pearson’s correlation coefficient. The level
of statistical significance was set at p < 0.05 (Stagraphics® Centurion XV
statistical software, Virginia, USA).

3. Results and discussion
3.1. Engymatic hydrolysis of red tilapia viscera (RTV)

Fig. 1 shows the behavior of DH as a function of time during the
hydrolysis reaction of RTV with Alcalase 2.4L®. It is observed that in the
10 h of reaction, 54.54 + 1.85 % of DH are reached. However, the
behavior of the curve is far from the typical behavior reported for other
species, as is the case of the hydrolysis of the viscera of Mustelus [15,31]
and black scabbard [32], which present the first phase with a high re-
action rate, followed by a substantial decrease in rate and a subsequent
stationary phase. In this study, the hydrolysis graph presents the first
phase with a steeper slope in the first 30 min; later, the DH increases in
an almost linear way with time until approximately 9 h of reaction,
where a decrease in speed begins to be seen with a tendency to a sta-
tionary behavior. These results suggest that the hydrolysis of the RTV
during the first 9 h of reaction is not affected by inhibition by-products,
inactivation of the enzyme, or depletion of peptide bonds available for
hydrolysis since these are the factors that have been attributed to the
rapid decrease in the reaction rate in typical enzymatic protein hydro-
lysis curves [31,33].
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Fig. 2. Effect of degree of hydrolysis (DH) on antioxidant activity of red tilapia
(Oreochromis spp.) viscera hydrolysates (RTVH).

During enzymatic hydrolysis the enzymes break the peptide bonds,
which generates smaller peptide fragments and individual amino acids.
Therefore, the hydrolysis process causes protein structure to change due
to disrupting hydrogen bonds, hydrophobic interactions, or other
chemical bonds, which stabilize the secondary and tertiary structures
[33]. As a result of the hydrolysis process, the molecular properties of
proteins change, producing a decrease in molecular weight, an increase
in charge, and the release of hydrophobic groups, among others [34].

3.2. Antioxidant activity analysis of hydrolysates

Samples were taken at different DHs for antioxidant activity analysis,
as shown in Fig. 2. These hydrolysates were named according to their%
DH as follows: 0 % (RTV), 8.4 % (RTVH-1), 17.1 % (RTVH-2), 25.2 %
(RTVH-3), 36.0 % (RTVH-4), 42.6 % (RTVH-5), and 54.5 % (RTVH-6).

For in vitro antioxidant capacity (AC) analysis, it is important to
consider that the exist different action mechanisms. Therefore, it is
necessary to use two or more methods to research the antioxidant ca-
pacity of a given sample (Najafian et al., 2012; Phanturat et al., 2010),
for this work, four methods were used (ORAC, CBA, FRAP and TEAC).
Despite evaluating different mechanisms of AC, the results obtained by
the four methods were consistent (Fig. 2), and a statistically significant
relationship was found between them and DH with correlation co-
efficients ranging between 0.80 and 0.97 (p < 0.05). Such a correlation
between DH and AC has already been reported by other researchers [35,
36]. This correlation has been attributed to structural changes in the
protein, changes in the size and sequence of the amino acids in the
peptides obtained in the reaction, and exposure of terminal amino
groups capable of reacting with oxidizing agents [19,37]. As seen in
Fig. 2, the highest antioxidant activity was obtained with a DH of 42.6 %
(RTVH-5), with which the RTV exhibited an increase between 2.7- and
4.4-times AC activity according to the ORAC, FRAP, and TEAC values.
With this DH the RTV went from showing no activity to presenting a 50
+ 1.5 % inhibition of crocin bleaching. Likewise, the results showed that
more extensive hydrolysis leads to a decrease in AC of up to 30 %, which
is due to excessive hydrolysis of the proteins leading to a decrease in
peptides and an increase in free amino acids, which are not effective as
antioxidants by themselves. This is because the chemical and physical
properties conferred by the amino acid sequence are necessary (espe-
cially the stability of the peptide radicals) so as to not initiate or prop-
agate more oxidative reactions [34]. RTVH-5 showed a high AC for all
the evaluated assays. Thus, its high capacity to scavenge ABTS radicals
(2205.8 + 29.1 pmol ET/g protein) suggests that the hydrolysate con-
tains hydrogen donors or electrons that can react with free radicals to
make them more stable products and end chain reactions [37]. Samar-
anayaka et al., 2011 [34] reported that the reaction mechanism between
peptides and ABTS radicals occurs in several steps, where the most
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Fig. 3. Metal chelating activity of red tilapia (Oreochromis spp.) viscera hy-
drolysates (RTVH) as a function of degree of hydrolysis (DH).

reactive amino acids donate hydrogen atoms first, followed by less
reactive ones. Furthermore, RTVH-5 showed a greater capacity to
reduce Fe3+-TPTZ ferric compounds to Fe2+-TPTZ ferrous compounds
than hydrolysates obtained from byproducts of Nemipterus spp. [38]
and collagen from Aluterus monoceros [39]. The results obtained with
ORAC show an increased activity, even for unhydrolyzed RTV, which
increases with DH until reaching its highest value at 1554.2 + 39.5 pmol
ET/g protein. This value is superior to most ORAC values reported by the
United States Department of Agriculture for 59 foods in the American
diet [40]. With regard to the CBA analysis, contrary to what was found
with the other assays, the RTV do not show any activity to inhibit the
bleaching of the crocin before the hydrolysis process; but after reaching
a DH of 42.6 %, it was possible to reach values close to or higher than
those reported by Chang et al., 2015 [41] and Bougatef et al., 2012 [42],
for palm seed oil protein hydrolysates and bluefin tuna head proteins,
respectively. ORAC and CBA are HAT-based assays; therefore, the results
suggest that RTVH-5 can transfer hydrogen atoms to inhibit peroxyl
radical-induced oxidation [43].

3.3. Metal chelating activity of RTV hydrolysates

Transient metal ion chelation can act indirectly as an antioxidant
mechanism by inhibiting the Fenton and Haber—Weiss reactions
responsible for forming reactive oxygen species and subsequent radical
chain reactions [44]. The iron and calcium chelating capacity of RTV
hydrolysates as a function of DH is shown in Fig. 3. It is observed that the
hydrolysis process improves the ability of RTV to bind to both metal
ions, as has been previously reported [26,45-47]. The most marked
effect was seen with iron, where the chelating capacity increases pro-
portionally with DH, reaching a maximum value of 67.1 + 1.9 % for the
hydrolysate with 42.6 % of DH, after which increases in DH do not
significantly increase activity (p > 0.05). This is consistent with the
results of Wu et al. [48], who reported that the iron chelating capacity of
cod skin gelatin hydrolysates increases with the increase in DH, reaching
a maximum of 17.5 + 0.3 %. Similarly, Lin et al. [49] found that the iron
chelating activity of tilapia skin collagen hydrolysates obtained with
different  enzymes decreases with  prolonged  hydrolysis.
Gomez-Grimaldos et al. [50] reported a maximum iron chelating ca-
pacity of ~40 % for bovine plasma protein hydrolysates, obtained by
Alcalase action. The iron chelating activity of the hydrolysate with 42.6
% DH is higher than those mentioned above, which suggests that RTV
are a good source of iron chelating peptides and that Alcalase 2.4L® is an
efficient enzyme for obtaining chelating peptides because the type of
protease determines the amino acid sequence of the peptide, which in
turn determines the metal ion chelation of the peptide [51]. The cor-
relation between DH and chelating activity is due to the decrease in size
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Table 1
Amino acid profile of viscera and hydrolysates with different DHs.

Amino acids (AA) Concentration (g / 100 g de protein)

RTV RTVH-3 RTVH-5 Reference*
Arg 6.7 4.9 4.0 -
His 9.7 4.2 4.1 1.5
Ile 3.0 2.7 2.5 1.5
Leu 7.2 7.9 8.0 2.1
Lys 9.0 9.0 7.7 1.8
Met 2.9 0.8 1.3 -
Phe 1.3 1.1 0.9 -
Thr 6.1 6.3 8.0 1.1
Val 4.7 4.2 5.3 1.5
Met + Cys 2.0
Phe+Tyr 2.1
Ala 3.6 3.7 3.8
Asp/Asn 2.8 2.0 2.3
Cys
Glu/Gln 6.5 6.0 6.6
Gly 23.0 20.9 21.4
Ser 4.6 4.1 4.3
Tyr 3.8 3.0 3.1
AAE 50.5 41.1 41.8
AANE 44.4 39.6 41.5
HAA 45.7 41.3 43.2
AAA 36.0 26.1 26.0
AAT 94.9 80.7 83.2

" Requirements suggested of essential amino acids to adults [56].

and change in the molecular structure of the released peptides, the
exposure of an increasing number of negatively charged motifs, such as
carboxyl groups (-COO-), which can be the iron binding sites [47].
Additionally, the hydrolysis process decreases steric hindrances given by
the large size of the proteins and benefits the chelation modes of metal
ions at different binding sites [52].

Regarding calcium chelation activity, in Fig. 2, relatively low
chelating activity can be observed compared to other peptides reported
in the literature (with activity ranges between 2 and 151 mg/g) [52].
The ability of a peptide to exhibit chelating activity for a specific metal,
such as iron, but not calcium, is determined by the nature of the func-
tional groups in the peptide and their affinity for particular metal ions.
For example, in contrast to calcium ions, ferrous ions primarily bind to
nitrogen atoms, including lysine’s e-amino nitrogen, arginine’s guani-
dine nitrogen, and histidine’s imidazole nitrogen [51,52].

3.4. Amino acid profile of hydrolysates and viscera

Table 1 shows the amino acid profiles of the RTV and RTVHs, which
provide information about the most abundant amino acids in each of
these substrates and allow their nutritional quality to be analyzed. In
general terms, a similar amino acid profile can be seen both in RTV and
in all RTVH, where the most abundant amino acid is Gly, with content
greater than 24 % for all samples. In addition to Gly, the amino acids Lys,
Leu, and Glu/Gln-are also found in high proportion. In this sense, it has
been reported that the main amino acids in fish and shellfish protein
hydrolysates are Glu, Asp, Leu, and Gly, although many exhibited a
variation in their amino acid composition depending on the raw mate-
rial, the enzyme source and the hydrolysis conditions [14]. Since
Asn-and Gln-are hydrolyzed to their acids Asp-and Glu, respectively, in
the acid medium, the two amino acids are quantified together in the
results. Additionally, the acid hydrolysis that develops during the
determination completely destroys Trp. Therefore, this amino acid was
not included in the results.

The amino acid constituents are very important for antioxidant and
antiproliferative activity. The presence of hydrophobic sequences in
peptides can interact with lipid molecules, eliminating the donation of
protons, which would have otherwise resulted in lipid radicals [53].
Thus. the imidazole group in histidine residues participates in the
transfer of hydrogen atoms. and electrons .as well as active oxygen
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Fig. 4. Antiproliferative effect of RTVH-5 in cell lines HepG2. Huh7.
and SW480.

extinction and capture of hydroxyl radicals [54]. Additionally, aromatic
amino acids and His, Pro, Met, Lys-and Cys-are associated with the
antioxidative potential of peptides by proton and/or electron donation
ability [14].

Otherwise, a predominance of hydrophobic amino acids and Lys,
Arg, Ser, Glu, Thr, and Tyr-residues have been identified in anti-
proliferative peptides. Hydrophobic amino acids can enhance in-
teractions between anticancer peptides and the outer bilayer surface of
the tumor cell membrane, thereby exerting selective cytotoxic activity
[1]. antiproliferative peptides typically exhibit a cationic amphipathic
structure, predisposing them to interact with anionic cell membrane
surfaces [55]. Therefore, it could be expected that RTVH-5 exhibits a
high antioxidant and antiproliferative activity due to the high amounts
of hydrophobic (51.9 %), other antioxidant amino acids (31.25 %), as
well as Lys (9.2 %) and Leu (9.6 %) Thr (9.6 %) residues. Similarly, the
high content of Lys-and Glu-residues may be correlated with high
iron-chelating activity, as it has been reported that carboxylic groups of
Glu-and e-amino nitrogen of Lys-to play a crucial role in the chelation of
peptides with ferrous ions [52].

On the other hand, the high content of Lys-in RTV and RTVHs can
provide a good supplement for food. since it has been identified as a
limiting amino acid in some proteins. especially cereals [56]. Addi-
tionally. it can be seen that the hydrolysates contain between 39.2 and
41 % of flavor-enhancing amino acids (Glu. Asp. Gly. and Ala), which
may be of great interest for their use as a food additive. The results also
showed that the total amino acids are greater for RTV than for RTVH-3
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and RTVH-5, which may be due to different reasons: a) because the
hydrolysis process destroys some amino acids; or b) because the release
of amino acids and small peptides during enzymatic hydrolysis makes
these amino acids more susceptible to degradation by acid hydrolysis
performed for amino acid measurement.

3.5. Antiproliferative activity of viscera hydrolysates

Cell viability was determined in the first instance by using the MTT
test. The results show that RTVH-5 (16 mg/mL) significantly decreased
cell viability of all cancer cell lines evaluated, suggesting that the hy-
drolysate has an antiproliferative capacity against a broad spectrum of
cancer cells (Fig. 4). The greatest cytotoxic effect was presented against
SW480 cells, which is of great importance given that colorectal cancer is
the third most common type of cancer and the fourth leading cause of
cancer-related mortality worldwide [57]. Various studies have shown
that enzymatic hydrolysis offers a strategy for producing bioactive
peptides with potential antiproliferative activity due to the structural
and chemical modifications during this process [58]. For example,
Taniya et al. [59] found that the hydrolysate of amaranth seed protein
exhibits anti-cancer properties in models of breast cancer cells, with an
effective concentration of 48.3 + 0.2 mg/mL.

Fig. 5 shows the behavior of cell viability of SW480 and CCD-18Co
cells, depending on the concentration of hydrolysate, where the cells
were treated for 48 h with RTVH-5. This figure shows that RTVH-5 have
less cytotoxicity against CCD-18Co than SW480 cells, which is an
important prerequisite for any cancer chemopreventive agent. In this
sense, the results show that even at a concentration of 16 mg/mL, RTVH-
5 fails to inhibit 50 % of the growth of CCD-18Co cells (ICsp > 16 mg/
mL), which suggests that RTVH-5 can selectively delay the growth of
cancer cells, showing high selectivity [59]. That the cell selectivity and
the greater susceptibility of cancer cells to lysis by antiproliferative
peptides is largely due to the composition of the cell membrane bilayer
and the distribution of phospholipids has been identified, since the
amount of phosphatidylserine located in the outer layers of cancer cells
is 3 to 7 times higher than in the inner layers of normal cell membranes.
Which could lead to greater interaction between bioactive peptides and
the outer layer of the tumor cell membrane [6].

On the other hand, decrease in cell viability of CCD-18Co cells, may
be due to the effect that peptides can exert on the osmotic pressure of
cells, since they have electrical charges, electrostatic interactions,
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secondary chemical bonds, etc., which play an important role in ionic
homeostasis (Gomez et al., 2019).

Due to the cationic amphoteric structure, hydrophobic peptides tend
to selectively interact with phospholipids on the anionic surface that
corresponds to the outer bilayer of the tumor cell membrane [1,55]. The
a-helices with hydrophilic and hydrophobic surfaces are the main
structural characteristics of this type of peptide, thanks to the fact that
they have both hydrophilic and hydrophobic amino acid side chains.
These types of structures are concentrated on the N-terminal and
C-terminal ends to form different hydrophilic and hydrophobic domains.
While p sheets, which are generally in antiparallel formation, are nor-
mally stabilized by disulfide bonds. On the other hand, the negative and
positive net charge also influences the selective activity of these pep-
tides, since the disturbance of the outer membrane of cancer cells by
cationic peptides is due to electrostatic interactions with the anionic
polysaccharides in the said membrane [60]. Other important properties
of anticancer peptides are their concentration and oligomerization [2].

Fig. 5 also shows that RTVH-5 affects the cell viability of SW480 cells
in a dose-dependent manner with an ICsy of 2.6 mg/mL, reaching an
inhibition of 71.0 & 5.7 % when cells are treated with 4 mg/mL RTVH-5,
above which the effect is concentration-independent. Similar results
have been reported for other antiproliferative compounds, which show a
dose-dependent behavior until reaching a concentration above which
they do not increase their activity [7,58].

This behavior can be explained by considering that the hydrolysis

process breaks down complex proteins into amino acid chains and in-
creases side chains that may possess biological activity, including anti-
cancer activity [7]. RTVH-5 has a high DH (42.6 %) and is therefore
composed mainly of low molecular weight peptides (<1.3 kDa) [21], for
which anticancer activity has been reported [6,7,61].

Moreover, the antiproliferative effect found could be related to the
high antioxidant activity found for RTVH-5, since it has been reported
that the formation of cancer cells can be directly induced by free radi-
cals. Thus, antioxidants can indirectly reduce the formation of cancer in
the human body by neutralizing these radicals [58]. The ICs¢ found for
RTVH-5 in SW480 cells coincides with that reported for a peptide iso-
lated from blood clam protein hydrolysates (Tegillarca granosa) for
different cancer cell lines, which is 2.6 mg/mL on average [6]. It is lower
than that reported for a peptide obtained from Korean mud snail hy-
drolysates, which presented an ICsp of 22.2 mg/mL for human prostate
cancer cells after 48 h of treatment [62], but higher than that reported
for the fraction less than 3 kDa of swamp eel (monopterus sp) protein
hydrolysates, which reported an ICsg of 6.5 pg/mL against human breast
cancer cells (MCF-7) [7].

3.6. Effect of RTVH-5 on the cytotoxicity and apoptosis of cell lines
SW480 and CCD-18Co

Apoptosis, necrosis, and alteration of the cell cycle are the mecha-
nisms by which antiproliferative peptides act on cancer cells [2]. The
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mechanism used depends on the molecular weight, composition and
amino acid sequence of the peptide. The smaller ones can better interact
with cancer cells thanks to their greater diffusivity and molecular
mobility. The said activity has been attributed to peptides with a size
between 3 and 25 residues, with an important presence of hydrophobic
amino acids with one or more Tyr, Lys, Ser, Glu, Thr, Leu, Gly, Pro,
Arg-and Ala-residues [2,58].

Fig. 6 shows a dose-dependent antiproliferative effect of RTVH-5
against SW480 cells, correlated with a proportional increase in cyto-
toxicity (Fig. 6A). Furthermore, treatment with RTVH-5 did not show
significant effects on cell viability for CCD-18Co cells, nor on cytotox-
icity (p > 0.05) (Fig. 6B). This suggests that RTVH-5, under the con-
centrations assessed, shows selectivity for altering the integrity of the
cell membrane of cancer cells (SW480), without affecting normal cells
(CCD-18Co).

There are two general mechanisms by which anticancer peptides
cause cell death of cancer cells: necrosis and apoptosis [63]. However,
there are other forms of caspase-independent programmed cell death
that must also be considered and that cannot be classified into these two
groups. These are autophagy, necroptosis, pyroptosis and paraptosis,
among others [64]. To elucidate the action mechanism of RTVH-5 on
SW480 cells, its effect on the activation of caspases-3/7, which are
proteins belonging to the group of cysteine proteases, essential media-
tors of apoptosis, was evaluated [29]. The results show that treatment
with RTVH-5 does not lead to activation of caspases-3/7 for either of the
two cell lines (Fig. 7). Thus, it could be considered that the selective
cytotoxicity exhibited by RTVH-5 against SW480 cells is not due to the
induction of apoptosis in the cells, but to the rupture of the cell mem-
brane, which is consistent with primary necrosis or with some
caspase-independent programmed cell death mechanisms such as nec-
roptosis and paraptosis [65]. However, future trials are required to
accurately identify the mechanism of cell death caused by RTVH-5 on
SW480 cells.

Although, many research has reported a proapoptotic effect of
bioactive peptides on cancer cells [1,61,66,67]. However, some research
agrees with the results found for RTVH-5 and has identified food protein
hydrolysis peptides, which lead to the death of cancer cells by pathways
other than apoptosis. For instance, Otani and Suzuki [68] isolated and
identified 3 cytotoxic peptides from trypsin-digested bovine asl-casein,
which induce necrosis towards various types of animal lymphocytes,
including human leukemic T- and B-cell lines. On the other hand, Riedl
et al. [63] found that peptides derived from human lactoferricin have
antiproliferative activity against melanoma, glioblastoma, and rhabdo-
myosarcoma cancer cells, of which some act via apoptosis and others
through necrosis, inducing membrane lysis. Similarly, Taniya et al. [59]
determined peptides from amaranth seed protein hydrolysates with
anticancer activity against breast cancer cells, and its action is due to
both loss of membrane integrity and mechanisms of apoptosis. It is
worth mentioning that non-apoptotic cell death mechanisms, such as
necroptosis, constitute a good alternative for the treatment of cancer

cells (where the cells have inherent properties of apoptotic resistance).
Necroptosis can accelerate the death of cancer cells or increase the
sensitivity of tumor cells towards anticancer treatment. In fact, several
studies have shown that different anticancer compounds have the power
to trigger necroptosis. Therefore, anticancer peptides induce depolari-
zation of the cell membrane, resulting in the inability of tumor cells to
maintain normal osmotic pressure and a substantial release of cyto-
plasmic material. This leads to membrane destabilization, cell lysis, and,
ultimately, the death of cancer cells [58].

4. Conclusions

There is a relationship between DH and the antioxidant capacity of
red tilapia (Oreochromis spp.) viscera hydrolysates. Likewise, there is a
relationship between the antioxidant capacity and antiproliferative ca-
pacity in HepG2, Huh7 and SW480 type cancer cells. The fraction RTVH-
5 of red tilapia (Oreochromis spp.) viscera hydrolysates, show selective
cytotoxicity against SW480 cells, which is not due to the induction of
apoptosis in the cells. These results give these hydrolysates a high po-
tential for the treatment of these types of cancer.
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