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Anti-wrinkle effects of a tuna heart H,O fraction
on Hs27 human fibroblasts
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Abstract. With the increase in life expectancy, there is also
growing interest in anti-aging treatments and technologies. The
development of anti-aging functional drugs for the skin, and
foods from natural sources, may offer solutions to this global
matter. Aging involves structural, functional and biochemical
changes that occur throughout cells and bodily tissues; the
amount of hormones secreted from of all human organs,
including the skin, decreases over time. Matrix metallopro-
teinase (MMP) genes (MMP-1 and -8) play an important role in
the aging of skin fibroblasts. For example, an increased MMP
expression causes accelerated aging and the degradation of skin
elasticity-related genes. In the present study, we examined the
anti-wrinkle effects of tuna heart extract which are mediated
through the inhibition of MMPs in skin cells. Generally, tuna
contains high concentrations of selenium and antioxidants,
which serve to remove free radicals, and is known to delay skin
and body aging. In addition, unsaturated fatty acids in tuna
help to maintain the natural glossy look of skin, and increase
skin elasticity, providing moisture for dry skin. A recent study
confirmed the various bio-effects of boiled tuna extract and
muscle. However, bioactivity studies using tuna heart are
limited. Thus, in the present study, we obtained extracts and
fractions of tuna heart, and examined their effects on Hs27
human fibroblast proliferation using an MTS assay. In addition,
we measured procollagen type 1 levels and elastase activity,
and performed [-galactosidase staining. We then measured
the expression levels of phosphatidylinositol 3-kinase/Akt and
MMP-related genes by western blot analysis and RT-PCR.
Our results revealed that tuna heart extract decreased MMP
expression by upregulating tissue inhibitors of metallopro-
teinase-1 (TIMP-1) and decreasing elastase activity, thus
exerting anti-aging and anti-wrinkle effects by increasing
collagen synthesis and promoting skin fibroblast proliferation.
Thus, our data suggest that tuna heart (TH)-H,O fractions exert
anti-wrinkle effects on Hs27 cells.
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Introduction

Over the years, the average global lifespan has increased due
to economic development and advancements in medicine, and
there is great interest in skin health and anti-aging technolo-
gies in order to delay the aging process and maintain youth (1).
Studies on anti-wrinkle agents have been conducted with
the aim of maintaining skin health (2). As a result, various
cosmetics and foods which assist in delaying the aging process
have been developed (3). Aging involves structural, functional
and biochemical changes that occur throughout cells and bodily
tissues; the amount of hormones secreted from of all human
organs, including the skin, decreases over time (4). Skin aging
is associated with environmental and genetic factors, and is
divided into extrinsic aging caused by various environmental
factors, such as UV rays, polluted air and gravity (5); by
contrast, endogenous aging (which is associated with genetic
factors) can also lead to skin wrinkling (6,7). Wrinkles are a
typical symptom of skin aging caused by the loss of elasticity,
which is caused by a reduction in the amount of collagen asso-
ciated with the elasticity of the skin dermal tissue. Collagen
(approximately 90% of which is found in dermal cells) has
a close association with skin elasticity, as it protects the skin
against external stimuli and provides it with tension and
strength (3). Procollagen type 1 and the extracellular matrix
are decomposed and the expression of elastin (related to skin
elasticity) is inhibited by matrix metalloproteinases (MMPs)
induced by the transcription factor, activating protein-1 (AP-1)
and MMP-1 and -8, which are known to degrade collagen.
Tissue inhibitors of metalloproteinase-1 (TIMP-1) exert the
opposite effect by inhibiting the activity of MMPs (8,9). In
addition, elastase derived from fibroblasts plays an important
role in the three-dimensional distortion of skin elasticity fibers,
and increased elastase activity contributes to the acceleration
of wrinkle formation by reducing the number of elastic fibers
in the skin (10). UV rays and the production of reactive oxygen
species cause skin aging and damage cells by attacking the
plasma membrane, resulting in loss of function. This creates a
harsh environment and causes skin wrinkles by reducing the
glossy appearance of skin (11,12). Of the factors involved in cell
proliferation, phosphatidylinositol 3-kinase (PI3K) is an impor-
tant protein that performs regulatory functions in a number of
signaling pathways and consists of two subunits (p110 and p85)
and increases the activity of Akt, a serine/threonine kinase (13).
Serine 473 autophosphorylation promotes the proliferation and
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differentiation of cells by activating sub-molecules and tran-
scription factors (14).

The Akt/PI3K signaling pathway is a signal transduction
pathway that promotes cell growth and survival in response to
extracellular signals. In order to maintain the elasticity of skin
cells, it is important to increase procollagen type 1 c-peptide
(PIP) and elastin activity by increasing TIMP-1 expression and
inhibiting that of MMP, and it is also necessary to activate the
PI3K/Akt pathway to directly induce cell growth. In this study,
we confirmed the anti-wrinkle effects of tuna heart extract,
which were mediated through the inhibition of the expression
of MMPs and the increase in PI3K/Akt levels. By-products of
global seafood processing amount to 75% of the total catch,
and these by-products are disposed of together with a consid-
erable amount of useable ingredients. Omega-3 fatty acid
separated through protein hydrolysate, and concentrates of its
by-products, has previously been used in the food and phar-
maceutical industries (15-17). Studies on immune enhancement
and on unsaturated fats in tuna by-products have previously
been performed (18-20). In this study, we examined the anti-
wrinkle effects of a physiologically active substance isolated
from tuna heart extract on skin by measuring the expression
levels MMPs in skin fibroblasts and determining whether they
are directly involved in the anti-wrinkle effects.

Materials and methods

Extraction and fractionation of tuna heart. Lyophilized
powder (200 g) of tuna heart was refluxed with 70% ethanol
(EtOH; 1.2 liters for 3 times) for 3 h, and each filtrate was
concentrated to dryness in vacuo at 40°C to obtain the
70% EtOH extract (54 g). The 70% EtOH extract was then
suspended in distilled water (H,O) and partitioned in sequence
with dichloromethane (CH,Cl,), ethyl acetate (EtOAc),
n-butanol (n-BuOH) and H,O to yield 4 fractions. The respective
yields of the CH,Cl, (4.05 g), EtOAc (3.91 g), n-BuOH (9.06 g)
and H,0O (36.98 g) fractions were 2.03, 1.96, 4.53 and 18.49%,
respectively (Fig. 1). The CH,Cl,, EtOAc and n-BuOH fraction
had no effect on the viability of Hs27 cells (data not shown).
In this study, we confirm the effects of the H,O fraction on the
viability of Hs27 cells. Thus, we used various concentrations of
the H,O fraction (25, 50 and 100 pg/ml).

Cell culture. Hs27 human skin fibroblasts (American Type
Culture Collection, Manassas, VA, USA) were maintained at
37°C in a humidified atmosphere with 5% CO,. The cells were
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS; HyClone,
Logan, UT, USA) and 100 U/ml penicillin/100 mg/ml strepto-
mycin. The Hs27 cells were cultured to ~60-80% confluence
in a 100-mm diameter plate. The medium was replaced daily.

Cell proliferation assays. Hs27 cell proliferation was measured
using a CellTiter 96® aqueous non-radioactive cell proliferation
assay (Promega, Madison, WI, USA), which is based on the
cleavage of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfonyl)-2H-tetrazolium (MTS) into a
formazan product which is soluble in tissue culture medium.
The cells were seeded onto 96-well plates at 2x10* cells/well,
and the medium was replaced with serum-free medium (SFM)

following culture for 24 h. After a further 24 h, the medium
was replaced with SFM containing tuna heart (TH)-H,O
fraction (25, 50 and 100 pg/ml), followed by incubation for
24 h. For the assay, MTS solution was added to the cells in
each well and was allowed to react for 30 min at 37°C. The
absorbance at 490 nm of the solution in each well was measured
using a microplate reader (Benchmark microplate reader;
Bio-Rad Laboratories, Hercules, CA, USA).

Determination of elastase activity. To determine the activity of
elastase and its effects on elastic fibers, the decomposition of
elastase was measured. Elastic fibers are bundles of elastin found
in the extracellular matrix of connective tissue and produced by
skin fibroblasts (21). Elastic fiber includes elastin. The upregula-
tion of elastin is important in order to prevent skin cell aging (22).
The cells were seeded into 6-well plates at 2x10* cells/well and
the medium was replaced with SFM containing the TH-H,O
fraction (25,50 and 100 pg/ml) for 24 h. The cells were collected
in 100 mM Tris-HCI buffer (pH 7.6) with 0.1% Triton X-100
buffer. The supernatant was then transferred to the 96-well plate.
Subsequently, 2 mM N-Succinyl-Ala-Ala-Ala-p-nitroanilide
was added to each well (Sigma-Aldrich, St. Louis, MO, USA),
adjusted to a 100-u«1 volume using elastase enzyme solution, and
incubated at 37°C for 30 min. The absorbance at 410 nm was
measured using a microplate reader (Benchmark microplate
reader; Bio-Rad Laboratories).

pB-galactosidase staining. P-galactosidase staining was
performed using the Takara V2600 kit (Takara Bio Inc.,
Tokyo, Japan). The cells were seeded into 6-well plates at
2x10* cells/well and the medium was replaced with SFM
containing the TH-H,O fraction (25, 50 and 100 ug/ml) for
24 h. Cell fixative working solution (0.5 ml) was added to
each well and incubated at room temperature for 5 min, after
which the working solution was removed. Each well was then
washed twice with 1 ml phosphate-buffered saline (PBS),
and 0.5 ml of cell staining working solution was added. Cell
morphology and staining were observed using a light micro-
scope (ECLIPSE TS100-F; Nikon, Tokyo, Japan).

PIP EIA assay. PIP EIA assay was performed using the Takara
MK101 kit (Takara Bio Inc.). The cells were seeded into 6-well
plates at 2x10* cells/well and the medium was replaced with
SFM containing the TH-H,O fraction (25, 50 and 100 pg/ml)
for 24 h. The cell supernatant was then collected by centrifu-
gation (12,000 rpm, 4°C, 10 min). Antibody-POD conjugate
solution (100 ul) and 20 ul of cell supernatant were added to
each well, followed by incubation at 37°C for 3 h. Each well
was washed 4 times with 400 gl PBS, after which 100 pl of
substrate solution (TMBZ, 3,3',5,5"-tetramethylbenzidine) was
added, followed by incubation at room temperature for 15 min.
Finally, 100 ul of stop solution (1 N H,SO,) were added and
the absorbance at 450 nm was measured using a microplate
reader (Benchmark microplate reader; Bio-Rad Laboratories).

Western blot analysis. The Hs27 cells in 100-mm diameter
plates were cultured to 60% confluence and incubated in SFM
containing the TH-H,O fraction (25,50 and 100 pg/ml) for 24 h.
The collected cells were washed with PBS, after which extrac-
tion lysis buffer (20 mM Tris-base, pH 8, 150 mM NacCl, 100 uM
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Lyophilized powder of tuna heart (200 g)
70 % EtOH (70 C reflux, 1.2 L=3 times)
Concentrated 70 % EtOH extract (54 g)

H,0:MeOH:CH,Cl, (9:1:10, v/v/v)
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Figure 1. Procedure for the extraction and fractionation of the tuna
heart (TH)-H,O fraction.

sodium vanadate, 100 xM ammonium molybdate, 10% glyc-
erol, 0.1% Nonidet P-40, 0.1% SDS, 1 mM glycerophosphate,
1 ug/ml aprotinin, 1 pg/ml leupeptin, 1 ug/ml pepstatin A and
1 mM PMSF) was added. The proteins were separated on
7-15% SDS-PAGE gels and transferred onto polyvinylidene
fluoride membranes (Millipore, Billerica, MA, USA). The
membranes were blocked at room temperature with 1% bovine
serum albumin in TBS-T (10 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 0.1% Tween-20) and then incubated with the following
primary antibodies: anti-MMP-1 (sc-21731, anti-mouse,
1:1,000), anti-MMP-8 (sc-8848, anti-goat, 1:1,000), anti-elastin
(sc-166543, anti-mouse, 1:1,000), anti-collA (sc-59772,
anti-mouse, 1:1,000), anti-PI3K (sc-7248, anti-goat, 1:1,000),
anti-Akt (sc-8312, anti-rabbit, 1:1,000), anti-TIMP1 (sc-5538,
anti-rabbit, 1:1,000), and anti-GAPDH (sc-25778, anti-rabbit,
1:1,000) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA). The secondary antibody was a peroxidase-conjugated
goat (sc-2741), mouse (sc-2032), or rabbit (sc-2031) antibody
(1:10,000; Santa Cruz Biotechnology, Inc.). The signal was
developed using SuperSignal West Pico Stable Peroxide
Solution and the SuperSignal West Pico Luminol/Enhancer
solution (Thermo Fisher Scientific, Rockford, IL, USA) before
exposure to Kodak X-ray film.

Reverse transcription-polymerase chain reaction (RT-PCR)
for analysis of mRNA expression. The Hs27 cells in 100-mm
diameter plates were cultured to 60% confluence and incubated
in SFM containing the TH-H,O fraction (25, 50 and 100 ug/ml)
for 24 h. The cells were then treated with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), after which the extracted RNA
was used as a template for cDNA synthesis using an oligo(dT)
primer (Intron Co., Gyeonggi, Korea). The synthesized cDNA
was mixed with 2X TOPsimple DyeMIX-nTaq (Enzynomics Inc.,
Daejeon, Korea) and primers (MMP-1 forward, AAAGGG
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Figure 2. Tuna heart (TH)-H,O fraction affects the proliferation of Hs27
human skin fibroblasts. Cells were treated with the TH-H,O fraction (25, 50
and 100 pg/ml) for 24 h. Cell proliferation was determined by MTS assay.
Values are represented as the means + SD. p<0.05 as shown by ANOVA. Bars
labeled with different letters indicate a significant difference compared to the
untreated controls, according to Duncan's multiple range test.

AATAAGTACTGGGC and reverse, AATTCCAGGAAAG
TCATGTG; MMP-8 forward, GCTCATTTTGATGCCGAAG
and reverse, AGTAGTTGCTGGTTTCCCT; coll A forward,
CTCCAACGAGATCGAGATC and reverse, GTTACAGGAA
GCAGACAGG; TIMP-1 forward, TGGGGACACCAG
AAGTCAAC and reverse, TTTTCAGAGCCTTGGAGGAG;
PI3K forward, AGGAGCGGTACAGCAAAGAA and reverse,
GCCGAACACCTTTTTGAGTC; Akt forward, CAACTTCT
CTGTGGCGCAGTG and reverse, GACAGGTGGAAGAA
CAGCTCG; GAPDH forward, AAGGGCTCATGACCAC
AGTC and reverse, GGATGCAGGGATGTTCT) in 0.1%
diethylpyrocarbonate (DEPC)-treated water for PCR. Using a
1% agarose gel, the PCR products were separated and stained
with Red Safe nucleic acid staining solution (Intron Co.).

Statistical analysis. The results are expressed as the
means + SDs. SPSS software (v. 10.0; SPSS, Inc., Chicago, IL,
USA) was used. Comparisons were made using ANOVA and
Duncan's multiple range test. A p-value <0.05 was deemed to
indicate a statistically significant difference.

Results

Effects of TH-H,O fraction on Hs27 cell proliferation. The
effect of the TH-H,O fraction on Hs27 cell proliferation was
examined by MTS assay. The Hs27 cells treated with the
TH-H,0 fraction at 25, 50 and 100 xg/ml exhibited a dose-
dependent increase in proliferation, with a maximum increase
of 47% compared to the controls (untreated cells) being
observed in the cells treated with 100 xg/ml of the TH-H,O
fraction. In other words, treatment of Hs27 skin fibroblasts with
the TH-H,O fraction did not result in toxicity and may have
affected differentiation and reproduction (Fig. 2).

Inhibitory effects of the TH-H,O fraction on elastase activity.
Elastin is a substrate protein that accounts for 4% of the dermis
and plays a role in maintaining skin elasticity (23). Elastin is
degraded by elastase in neutrophil granulocytes; elastase is
a non-specific hydrolytic enzyme capable of degrading the
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Figure 3. Inhibitory effects of tuna heart (TH)-H,O fraction on elastase activity.
Hs27 cells were treated with the TH-H,O fraction at 25, 50 and 100 pg/ml
for 24 h. Elastase activity was measured by enzyme-linked immunosorbent
assay (ELISA). Values are represented as the means + SD; p<0.05 as shown
by ANOVA. Bars labeled with different letters indicate a significant difference
compared to the untreated controls, according to Duncan's multiple range test.

matrix protein collagen. Elastase degrades matrix proteins in
the network structure of the basal cells of the skin and causes
wrinkles and/or destroys tissue (1). In addition, as previously
demonsrated in a study on skin wrinkles, increased elastase
activity accelerates wrinkle formation by reducing the amount
of elastic fibers in the skin (10). In this study, we noted that
treatment of the Hs27 cells with the TH-H,O fraction inhib-
ited elastase activity. The level of elastase was reduced in a

dose-dependent manner, with a maximum decrease of 35%
compared to the controls (untreated cells) being observed in the
cells treated with 100 ug/ml of the TH-H,O fraction (Fig. 3).

Morphological changes and -galactosidase staining. The
aging of skin fibroblasts is evidenced by blue color upon
(-galactosidase staining. The decomposition of X-gal by
[-galactosidase in transfected cells leads to the generation of
the blue color. Treatment with the TH-H,O fraction at 25, 50 and
100 pg/ml resulted in a dose-dependent increase in the number
of Hs27 cells and in no B-galactosidase staining (Fig. 4). This
suggests that cell aging did not occur and that the cells were
proliferating.

Effects of the TH-H,O fraction on PIP levels. Collagen is the
main structural protein in extracellular space in connective
tissues in mammals. Collagen is present at high concentra-
tions in the skin, bones, ligaments, cartilage and teeth, and is
a particularlyimportant component of the extracellular matrix
in fibroblasts (24). In addition, collagen is associated with the
mechanical robustness of skin, resistance of the skin connective
tissue, tissue bonding, support of cell adhesion, differentiated
function and the induction of cell division (23). Collagen is
synthesized from the precursor, procollagen, which has a
propeptide sequence at the amino and carboxyl termini (25). The
propeptide plays a role in the folding of procollagen, and upon
polymerization it is separated from collagen molecules. This
suggests that increased PIP activation is associated with cell
proliferation and anti-wrinkle effects, as it promotes collagen
synthesis (26). In this study, we measured the PIP levels using

TH-H,0 fr Conc. (ug/ml)

Figure 4. Effects of tuna heart (TH)-H,O fraction on Hs27 human skin fibroblast morphology and viability. Aging was determined by senescence-associated
B-galactosidase (SA-B-gal). Hs27 cells were treated with the TH-H,O fractoin at 25, 50 and 100 pzg/ml for 24 h. Cells not stained blue by SA-f3-gal did not experi-
ence aging, which is suggestive of increased cell growth. No blue staining was observed in the cells in our study, thus the cells did not age.
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Figure 5. Effects of tuna heart (TH)-H,O fraction on collagen type I synthesis
in Hs27 cells. Cells were cultured with the TH-H,O fraction at 25, 50 and
100 pg/ml for 24 h. The supernatant and pellet were collected from each
well and procollagen type 1 c-peptide (PIP) was determined using the EIA
kit. Values are represented as the means + SD; p<0.05 by ANOVA. Bars
labeled with different letters indicate a significant difference compared to the
untreated controls, according to Duncan's multiple range test.

the Takara MK101 kit. We noted a dose-dependent increase in
PIP levels, with a maximum increase of 43% compared to the
controls being observed in the cells treted with 100 ug/ml of
the TH-H,O fraction (Fig. 5).

Effect of the TH-H,O fraction on the mRNA expression levels of
PI3K/Akt and MMP in Hs27 cells. MMP-1 and -8 are enzymes
that degrade collagen and inhibit collagen synthesis by specifi-
cally decomposing procollagen. In addition, they degrade the
extracellular matrix (27) and inhibit the expression of elasticity-
related genes [elastin and collagen, type I, alpha 1 (Colla)].

The MMPs are inhibited by specific endogenous TIMPs, and
TIMP-1 regulates MMP activity and protects against collagen

Elastin
Colla
MMP-1
MMP-8

TIMP-1

GAPDH

and elastin degradation (28). Thus, upregulation of TIMP-1 plays
an important anti-wrinkle role. One of the genes involved in cell
growth, PI3K, is involved in the lipid components of phophoin-
isitide and components of the cell membrane, and functions as a
lipid kinase that phosphorylates and activates Akt by generating
a secondary transfer (29,30). We confirmed increased cell
proliferation and PIP levels. Thus, we measured the expression
levels of MMP-encoding genes and PI3K/Akt by western blot
analysis and RT-PCR. The MMP-1 and -8 levels decreased upon
the activation of TIMP-1 in the cells treated with the TH-H,O
fraction, and the Colla and elastin levels increased. In addition,
the TH-H,O fraction upregulated the PI3K/Akt levels in a dose-
dependent manner (Fig. 6).

Discussion

Interest in a healthy lifestyle has increased worldwide and
living standards have also increased; thus it is important to
also improve the treatments associated with the bioactive effect
of various marine resources (seaweed and fish), in order to
further protect against various diseases (31). Interest in marine
resources and fishery byproducts to replace depleted land
resources has thus increased. Tuna is mainly used in canning,
and there is a growing demand for tuna to be used in simple
and highly functional foods. However, the processing of marine
products, such as tuna generates 30-35% byproducts of total
materials (32). Recently, certain studies have been conducted
in order to take advantage of fishery by-products since they
contain a variety of functional proteins (20). Typically, tuna
is a high-protein food which exerts anti-atherosclerotic
and anticancer effects, and is known to protect against high
cholesterol levels in the blood (18). Thus, the present study
was conducted on tuna waste, and previous studies reported
on the anti-obesity effects of boiled tuna extract on 3T3-L1
cells (18,19) and the anti-atopic effect of an ethanol extract of
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Figure 6. Effects of tuna heart (TH)-H,O fraction on phosphatidylinositol 3-kinase (PI3K)/Akt and matrix metalloproteinase (MMP) gene expression. Hs27 cells
were cultured in 100-mm dishes with TH-H,O fraction (25, 50 and 100 pg/ml) for 24 h, after which time cellular protein and total RNA were isolated. (A) Protein
levels were assessed by western blot analysis. (B) RT-PCR analysis was achieved by electrophoresis in a 1% agarose gel stained with Red Safe nucleic acid staining
solution.
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tuna heart (20). However, bioactivity studies using tuna heart
are not common. In this study we confirmed the anti-wrinkle
effect of the TH-H,O fraction on Hs27 human fibroblasts. First,
we evaluated cell proliferation following treatment with 25,
50 and 100 pg/ml of the TH-H,O fraction by MTS assay. As
shown in Fig. 2, we noted a dose-dependent increase in cell
proliferation, with a maximum increase of 47% compared to
the controls in the cells treated with 100 ug/ml of the TH-H,O
fraction. Elastase activity induces skin wrinkling by destroying
the network structure of the basal cells of the skin through the
degradation of matrix proteins (1).

The upregulation of elastase activity leads to tissue
destruction and loss of elasticity (33,34). The data in Fig. 3 show
a dose-dependent decrease in elastase activity upon treatment
with the TH-H,O fraction, with a maximum inhibition of 35%
compared to the controls in the cells treated with 100 ug/ml
of the TH-H,O fraction. In addition, we noted an increase in
the number of cells, but not in blue -galactosidase staining.
This suggests that the TH-H,O fraction is not induced in aging
cells (Fig.4). To explore the mechanism underlying this induction
of cell proliferation, we examined the PIP levels by PIP EIA
assay. Collagen is present at the highest concentration in the
dermal layer of the skin, accounting for 70-80% of the total dry
weight, and plays a role in supporting the skin (35). However,
stress caused by genetic factors and the environment induces
wrinkles by increasing collagenase activity and reactive oxygen
species (36,37). In other words, collagen is an important factor
for anti-wrinkle effects and cell growth. The level of collagen
biosynthesis can be determined based on the biosynthetic
effects by measuring the amount of propeptide (26). As shown
in Fig. 5, we noted a dose-dependent increase in PIP levels upon
treatment with the TH-H,O fraction, with a maximum increase
of 43% compared to the controls being observed in the cells
treated with 100 pg/ml of the TH-H,O fraction. This indicates
increased collagen synthesis due to elevated PIP levels. MMP-1
and -8 can degrade collagen, and TIMP-1 exerts the opposite
effect by inhibiting MMP activity. In addition, tissue-specific
inhibitors of TIMP-1 are known to maintain the biological
equilibrium by inactivating MMPs (38). In the present study
we examined the changes in protein and mRNA expression by
western blot analysis and RT-PCR. The MMP-1 and -8 levels
were decreased by the upregulation of TIMP-1. This suggests
that collagen biosynthesis is promoted by decreased MMP
expression. In addition, the expression levels of elastin and
Colla were increased by the inhibition of elastase. Moreover,
treatment with the TH-H,O fraction induced the upregulation of
PI3K/Akt (Fig. 6). TH-H,O induced the upregulation of TIMP-1
and inhibited elastase expression. Thus, the increased expression
of the genes encoding elastin, Colla and PI3K/Akt is a factor
involved in skin elasticity, anti-wrinkling and cell growth. In
conclusion, the TH-H,O fraction significantly decreased MMP
levels and upregulated the expression of genes associated with
cell growth. Therefore, we posit that tuna heart extract modulates
cell growth and induces an anti-wrinkle effect.
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