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Abstracts

This study focused on the anti-oxidative and collagenase- and elastase inhibition effects of low molecular weight peptides
(LMP) from commercial Jeju horse leg bone hydrolysates (JHLB) on pancreatin, via enzymatic hydrolysis. Cell viability of
dermal fibroblasts exposed to UVB radiation upon treatment with LMP from JHLB was evaluated. Determination of the
antioxidant activity of various concentrations of LMP from JHLB were carried out by assessing 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) and 2,2-azino-bis-3-ethybenzothiazoline-6-sulphonic acid (ABTS) radical scavenging activity, ferric reduc-
ing antioxidant power (FRAP), and oxygen radical absorbance capacity (ORAC). The DPPH radical scavenging activity of
LMP from JHLB (20 mg/mL) was 92.21% and ABTS radical scavenging activity (15 mg/mL) was 99.50%. FRAP activity
(30 mg/mL) was 364.72 uM/TE and ORAC activity (1 mg/mL) was 101.85 uM/TE. The anti-wrinkle potential was assessed
by evaluating the elastase- and collagenase inhibition potential of these LMP. We found that 200 mg/mL of LMP from JHLB
inhibited elastase activity by 41.32%, and 100 mg/mL of LMP from JHLB inhibited collagenase activity by 91.32%. The
cell viability of untreated HS68 human dermal fibroblasts was 45% when exposed to a UVB radiation dose of 100 mJ/cm?.
After 24 h of incubation with 500 ng/mL LMP from JHLB, the cell viability increased to 60%. These results indicate that
LMP from JHLB has potential utility as an anti-oxidant and anti-wrinkle agent in the food and cosmetic industry. Additional

in vivo tests should be carried out to further characterize these potential benefits.
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Introduction

Aging of the skin is a process that involves intrinsic
(chronologic) aging and extrinsic aging, which is caused
by stresses such as UV light exposure. Exposure of skin
to UV light leads to progressive loss of structural integ-
rity and physiological function (Farage et al., 2008). Hu-
man skin is constantly being exposed to environmental
irritants, and this can lead to the production of free radi-
cals and reactive oxygen species that cause serious dam-
age to the skin cells. Intracellular and extracellular oxida-
tive stress initiated by reactive oxygen species (ROS)
accelerates skin aging, which is characterized by wrinkle
formation and atypical pigmentation (Masaki, 2010).
These changes are induced by alterations in dermal con-
nective tissues such as collagen, elastin fibrillin, and pro-
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teoglycans (Jeon et al., 2013; Uitto and Bernstein, 1998).
Considerable research efforts in the cosmetic industry
have focused on the mechanisms by which the symptoms
of skin aging can be delayed or improved (Cheon et al.,
2008). The use of certain natural products for protecting
against skin aging has recently been proposed; these incl-
ude ginseng, aloe vera, berries, and porcine placenta (Han
et al., 2013).

Bone broth has been consumed for ages as an important
source of nutrients. It is used as a traditional folk medi-
cine across cultures for the sick and weak, especially for
ailments affecting connective tissues such as the gas-
trointestinal tract, joints, skin, lungs, muscle, and blood
(Siebecker, 2005). Most Asians enjoy consuming bone
broth, especially, Koreans, who like to have Hanwoo
(Korean native cattle) bone broth in winter for nourish-
ment. Bone primarily contains collagen, a key building
block of cells for bones, cartilage, ligaments, and the
brain. In addition, the bone marrow may positively affect
the immune system because it helps in the transport of
oxygen to the body cells. The marrow contains essential
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minerals such as Ca, Fe, and P, which are necessary for
maintaining healthy bones. Kim et al. (2007) studied the
effect of maturity score and extraction numbers on col-
lagen, protein, and chondroitin sulfate content from the
Hanwoo shank bone. They found that collagen and pro-
tein content was the highest in water extracts from Han-
woo shank bones with a maturity score of 2 (young bulls
and steers), and the chondroitin sulfate content signifi-
cantly decreased with an increase in the number of ext-
ractions.

Equine bone and bone extracts from Juju island in
Korea are being extensively distributed owing to their
bioactive function. One of the health benefits of these
equine bone extracts is that they cause an increase in
bone density and improve bone health. A study found that
dietary supplementation with horse leg bone water ext-
racts for 8 weeks significantly increases the uterine/body
weight ratio and bone mineral density of female rats with
postmenopausal osteoporosis (Park et al., 2010). In our
previous study, a large antioxidant effect was observed in
the low molecular weight peptide fraction of less than 3
kDa isolated from leg bone extracts via enzyme hydroly-
sis (Kim et al., 2013). However, there is still a lack of sci-
entific information about the anti-oxidant and anti-wrin-
kle activities of enzyme hydrolysates from horse leg bone
extracts. This study aimed to evaluate the characteristics
of horse leg bone hydrolysates generated by pancreatin
treatment on anti-oxidant activity as well as inhibition of
collagenase and elastase, which are some of the key
causes of skin aging.

Materials and Methods

Horse leg bone hydrolysates

Commercial horse leg bones were obtained from an on-
line supplier. After removing all visible impurities and
debris, leg bones were washed three times with water,
which was subsequently discarded. The extraction process
was carried out by adding water to the bones at a ratio of
6:1 (v:v) and allowed to proceed for 8 h and repeated
twice to produce gelatin. The extracted liquid was freeze-
dried and the fat was removed by Folch’s method and
freeze-dried. Hydrolysis for 4 h was performed by the ad-
dition of 0.1% pancreatin (Bision Co., Korea) after recon-
stitution of the freeze-dried extracts in distilled water.
Hydrolysates were then subjected to centrifugal filtration
(Amicon® Ultra-15 centrifugal filter units, USA) to sepa-
rate low molecular weight (< 3 kDa) hydrolysate fractions.
The filtered hydrolysates (JHLB) were collected and lyo-

philized for use in subsequent experiments.

Cell culture

The normal human newborn foreskin fibroblast cell
line, HS68 (ATCC CRL 1635), was purchased from the
American Type Culture Collection (ATCC, USA). HS 68
cells were plated in 100-mm tissue culture dishes contain-
ing Dulbecco’s modified Eagle’s medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (Gibco, USA). HS 68 cells were
incubated at 37°C with 5% CO, gas in a humidified incu-
bator.

Ultraviolet irradiation and cell cytotoxicity

HS 68 cells were seeded on 48-well tissue culture plates
at a density of 10° cells/mL in DMEM containing 10%
FBS with 1% penicillin/streptomycin and incubated for
24 h. Thereafter, the DMEM was discarded and the cell
wells washed with phosphate-buffered saline (PBS). Next,
500 uL of PBS and various concentrations of hydrolysate
samples were added to the cell wells and the HS 68 cells
were exposed to UVB radiation at dose of 100 mJ/cm>.
After irradiation, cells were treated with hydrolysate sam-
ples and incubated for another 24 h, following which 0.05
mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) was added to each well. The wells
were then incubated for 4 h at 30°C. The medium was
discarded and the MTT formazan produced was extracted
by addition of 200 uL. of DMSO/well. Cell viability was
by measuring absorbance at 560 nm for each well (Spec-
traMax M2e, Molecular Devices, USA). Media blanks and
untreated control groups were also measured.

Antioxidant effect

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical sca-
venging activity

DPPH radical scavenging activity of an aqueous solu-
tion of JHLB was estimated according to the method of
Blois (1958) with slight modification. In brief, 200 pL of
a 1% aqueous hydrolysate solution was added to 800 uL
of water and 1 mL of methanolic DPPH solution (0.2
mM). The mixture was vortexed and left to stand at room
temperature for 30 min. A tube containing 1 mL of dis-
tilled water and 1 mL of methanolic DPPH solution (0.2
mM) served as the control. The absorbance of the solu-
tion was measured spectrophotometrically at 517 nm
(SpectraMax M2e, Molecular Devices, USA). Vitamin C
(1 mg/mL) was used as a positive control to compare the
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antioxidant activity of the hydrolysate samples. The per-
centage of DPPH radical scavenging was determined using
the following equation:

DPPH radical scavenging activity (%)

_ 1_(sample 0.D.—reference O.D.)

100
(control O.D.) <10

*Control = 1 mL DW + 1 mL 0.2 mM DPPH solution
in MeOHG
*Reference = 1 mL DW + 1 mL MeOH

2,2'-Azino-bis-3-ethybenzothiazoline-6-sulphonic
acid (ABTS) radical scavenging activity

ABTS radical scavenging activity of JHLB was deter-
mined following the adapted Trolox-equivalent antioxi-
dant capacity (TEAC) assay as described by Re et al.
(1999). ABTS radical cation (ABTS") was produced by
reacting 14 mM ABTS with an equal volume of 4.9 mM
potassium persulfate (final concentration: 7 mM ABTS in
2.45 mM potassium persulfate). The mixture was incu-
bated in the dark at room temperature for 12-16 h before
use. The ABTS" solution was diluted with 5.5 mM PBS
(pH 7.4) to an absorbance of 0.70+0.02 at 734 nm (Spec-
traMax M2e, Molecular Devices, USA) and equilibrated
at 30°C. An aliquot (50 uL) of hydrolysate was prepared
as described for DPPH or Trolox standards (0, 0.3, 0.7,
0.9, and 1.2 mM in PBS; Fluka Chemie GmbH, Switzer-
land) and added to 950 iL of the diluted ABTS+ solution;
the absorbance was read (SpectraMax M2e, Molecular
Devices, USA) at 30°C 1 min after the initial mix and up
to 6 min thereafter. Vitamin C (1 mg/mL) was used as a
positive control to compare the anti-oxidative activity of
samples. The ABTS radical scavenging activity was cal-
culated using the following formula:

DPPH radical scavenging activity (%)

_ (control O.D.—sample O.D.) y

100
(control O.D.)

*Control O.D. = 0.70 at 734 nm

Ferric reducing antioxidant power (FRAP) assay

FRAP assay was determined by the method described
by Benzie and Strain (1996) with slight modification. Bri-
efly, the FRAP reagent was prepared fresh for each anal-
ysis with 300 mM/L acetate buffer, 10 mM 2,4,6-tripy-
ridyl-s-triazine (TPTZ) solution, and 20 mM ferric chlo-
ride solution at the ratio of 10:1:1 (v/v), respectively.
Hydrolysate samples (25 pul) were aliquoted in test tubes
and FRAP reagent (175 uL) was added before measuring

the absorbance at 595 nm. A standard curve was estab-
lished using Trolox solution (0, 10, 30, 50, 70, and 100
pM) and FRAP calculated as millimolar Trolox equiva-
lents per gram.

Oxygen radical absorbance capacity (ORAC) as-
say

The ORAC assay was carried out by following the
method described by Gillespie er al. (2007) with slight
modification. The reaction was performed in PBS (75
mM, pH 7.0) in a 96 well plate and each well contained a
final volume of 200 pL solution consisting of 150 uL of
fluorescein (80 nM) and 25 pL of hydrolysate sample. The
reaction solution was preincubated for 15 min at 37°C
and then 25 uL. of AAPH (150 mM) was added. The plate
was shaken automatically for 3 s and fluorescence was
determined at 1 min intervals for 60 min with emission
and excitation wavelengths of 485 and 520 nm, respec-
tively, using a microplate fluorescence reader (Spectra-
Max M2e, Molecular Devices, USA) that was maintained
at 37°C. A blank sample and six calibration solutions of
Trolox (0, 5, 10, 30, 50, 70, and 100 uM) were tested.
The ORAC values were calculated as area under the curve
and expressed as millimolar Trolox equivalent per gram
of low molecular weight JHLB.

Anti-wrinkle effect

Elastase inhibitory assay

Elastase inhibitory activity was determined by the me-
thod of Cannell ef al. (1988). Briefly, the hydrolysate sam-
ple (100 pL) was mixed with 120 uL of 0.2 M Tris-Cl bu-
ffer (pH 8.0) and added 20 pL of 1.0 mM N-succinyl-(L-
Ala)3-p-nitroanilide. It was incubated at 20°C for 10 min
and 20 uL of porcine pancreas elastase (PPE) was added.
It was incubated again at 5°C for 20 min and placed in
cold water to stop the reaction. The absorbance was deter-
mined by spectrophotometer (SpectraMax M2e, Molecu-
lar Devices, USA) at an absorbance of 405 nm and inhi-
bition activity was calculated with following equation.

Elastase inhibition activity

_ ], _(sample O.D.—blank O.D.)
{1 con O.D. <100

Collagenase inhibitory assay

Collagenase inhibitory activity was determined by the
method of Wiinsch and Heidrich (1963) with slight mod-
ification. For the reaction, 4 mM CaCl, was added to 0.1
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M Tris-HCI buffer (pH 7.5) and 4-phenylazobenzyloxy-
carbonyl-Pro-Leu-Gly-Pro-Arg (0.3 mg/mL). Next, 0.1 mL
of hydrolysate sample was mixed with 0.25 mL of the sol-
vent described above. 0.15 mL of collagenase (0.2 mg/mL)
was added and incubated for 20 minutes at room temper-
ature. 0.5 mL of 6% citric acid was added to stop the reac-
tion then 1.5 mL ethylacetate was added. The supernatant
was removed and the O.D. was determined by spectro-
photometer (SpectraMax M2e, Molecular Devices, USA)
at an absorbance of 320 nm. Collagenase inhibition activ-
ity was determined using the following equation.

Collagenase inhibition activity

_ ), (sample O.D.—blank O.D.)
{l con O.D. <100

Statistical analysis

All data collected were subjected to one-way analysis
of variance (ANOVA) according to the general linear mo-
del procedures for SAS software (ver. 9.SAS Institute
Inc., USA). Mean values and standard error of the sample
were reported. When analysis of variance indicated a sig-
nificant treatment effect, Duncan's multiple range test was
used to compare the mean values, and a p-value <0.05
was considered statistically significant.

Results and Discussion

Antioxidant effect of LMP from JHLB

Many methods have been used to evaluate the antioxi-
dant activity or capacity of food compounds. These meth-
ods have been classified according to the mechanism of
radical deactivation involved (hydrogen atom transfer,
ORAC, or electron transfer, TEAC and DPPH), and the
physiological relevance of the free radical, or according
to the competitive or direct approach of the antioxidant
reaction (Alvarez-Suarez ef al., 2012; Prior et al., 2005).
For these reasons the total antioxidant capacity of low
molecular weight hydrolysates from JHLB were analyzed
by these four methods based on their different radical
scavenging principles (DPPH, ABTS, FRAP, and ORAC
assay) and because these assays are widely used as scree-
ning methods for determining the total antioxidant capac-
ity of foods and beverages (Alvarez-Suarez et al., 2012).

The DPPH radical scavenging activity of LMP-JHLB
with various concentrations is shown in Fig. 2. Vitamin C
was used as a positive control for comparison of the DPPH
radical scavenging activity of LMP from JHLB. As shown,
the DPPH radicals were significantly scavenged by LMP

HLBE

I High molecular weight gelatin |

80 C, Lhrs stirring

I

I

1M NaOH (pHS)

| Add Pancripsin (0.2%) |

I

50C, 4hrs incubation

| Enzyme inactivation (90 C,10min ) |

Centrifugation (4000xg, 30min)

I

| Cut off less than 3kDa |

I Lyophilized I

| Low molecular weight peptide by pancripsin (L.\IPP)|

Fig. 1. Preparation procedure of LMP from JHLB extracts
hydrolyzed by pancreatin.
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. 2. DPPH radical scavenging activity (%) of LMP from
JHLB extracts hydrolyzed by pancreatin.

from JHLB in a dose dependent fashion (»<0.05). In our
previous study, low molecular weight (less than 3 kDa)
peptides from Jeju horse showed higher DPPH radical
scavenging activity than hydrolysates over 3 kDa (Kim et
al., 2013). The ABTS radical scavenging activity of LMP
from JHLB is shown in Fig. 3. LMP from JHLB signifi-
cantly reduced ABTS radicals in a dose dependent man-
ner at concentrations ranging from 0.1 to 15 mg/mL. 15
and 20 mg/mL of LMP from JHLB also had ABTS radi-
cal scavenging effects that are equivalent to 100 pg/mL
of vitamin C. Similarly, Kim et al. (2013) reported that
Jeju horse hydrolysates (less than 3 kDa) generated by
pepsin and pancreatin hydrolysis showed 0.48 mM TE of
ABTS radical scavenging activity.

The initial antioxidant value of the low molecular wei-
ght peptides (0.1 mg/mL) was 9.46 uM TE whereas the
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Fig. 5. Oxygen radical absorbance capacity of LMP from
JHLB by pancreatin.

FRAP value of the peptides at 1, 10, 20, and 30 mg/mL
was 90.41, 181.59, 266.11, and 364.72 uM TE, demon-
strating a significant increase in antioxidant activity that
was dose dependent (Fig. 4). The FRAP analysis indicated
a similar overall trend as was observed for the DPPH assay.
The ORAC assay measures the ability of an antioxidant
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Fig. 6. Elastase inhibition activity (%) of LMP from JHLB
extracts hydrolyzed by pancreatin.

to quench free radicals by hydrogen donation, and is thus
a measure of both general and specific antioxidant actions
by using a fluorescent probe and monitoring the change in
its fluorescence intensity (Cao and Prior, 1999; Gillespie
et al., 2007, Prior et al., 2005). The ORAC value of LMP
from JHLB significantly increased in a dose-dependent
manner (Fig. 5). Similar results were reported by Kim ez
al. (2013) who found that the ORAC activity of pig skin
gelatin hydrolysates increased with dose, and 1 mg/mL of
pig skin gelatin hydrolysates had 141.39 uM TE/g of
ORAC activity. In this study, the ORAC value of low
molecular weight peptides from JHLB at a concentration
of 1 mg/mL was 101.85 uM TE, which was lower than
the ORAC value for pig skin gelatin hydrolysates. How-
ever, Kim ef al. (2013) stated that the ORAC values of
horse leg bone hydrolysates of less than 3 kDa produced
with pepsin, or multifect, or pepsin+pancreatin were 0.12,
0.20, and 0.17 mM TE/g, respectively.

Experimental studies and clinical trials investigating the
effects of oral supplementation with vitamins, polyphe-
nols, micronutrients, and proteins have indicated that die-
tary compounds can modulate skin function (Zague et al.,
2011). Moreover, the photoprotective potential of antiox-
idant intake has been the subject of a considerable num-
ber of studies (Chiu et al., 2005; Heinrich et al., 2006). In
this study, we did not evaluate the oral supplementation
effect of LMP-JHBH on photoprotective potential. How-
ever, our data suggest that LMP-JHLB could have anti-
wrinkle effects due to its antioxidant activity.

Anti-wrinkle and cytotoxic activity of low molecu-
lar weight hydrolysates of JHLB

Collagenase inhibition activity
It is well known that the major cause of skin wrinkling
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is due to collagen fiber deficiencies in aged and photo-
aged human skin. The collagenase inhibition activity of
low molecular weight peptides from JBLH is shown in
Fig. 7. Collagenase inhibition activity of the hydrolysates
at 1, 10, 25, 50, and 100 mg/mL significantly increased in
a dose dependent manner. This result is supported by the
findings of Zagu et al. (2011) who reported that daily in-
gestion of collagen hydrolysates for 4 wk could increase
type I and type IV collagen biosynthesis in rats. The most
important sources for gelatin and collagen hydrolysate
production are bovine hides and bone and pig skin. In this
study, we used horse leg bone to generate gelatin extracts
and pancreatin to hydrolyze the water soluble bone gela-
tin to obtain low molecular weight collagen hydrolysates
of less than 3 kDa. Zague et al. (2011) reported that it is
likely that the biological activity of oral collagen hydroly-
sates in skin could be achieved, at least partly, by Pro-
Hyp (which is the major peptide in human plasma after
oral ingestion of any type of collagen hydrolysate), which
may act as a biological messenger triggering the synthesis
of new collagen fibers and extracellular matrix recogni-
tion by stimulating fibroblasts.

Elastase inhibition activity

The elastase inhibition activity of the low molecular
weight peptides from JHLB is shown in Fig. 6. As a pos-
itive control, ursolic acid at 100 pg/mL was used and
showed approximately 37% elastase inhibition activity.
The low molecular weight peptides from JHLB at 25, 50,
100, and 200 mg/mL had increased elastase inhibition
activity in a dose dependent manner (p<0.05). Eighty per-
cent of the dry weight of skin is collagen, which is res-
ponsible for the tensile strength of the skin (Thring ef al.,
2009). Skin elasticity is attributable to its unique elastic
recoil properties and the elastin fiber network that makes

120
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0
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Fig. 8. Effect of LMP from JHLB extracts by pancreatin on
human fibroblast cell viability.

up 2-4% of the extracellular matrix along with glycoami-
noglycans that are involved in hydration of the skin (Jen-
kins, 2002). Elastin fibers are produced by fibroblasts and
are primarily affected by photoageing, which results in
visible changes in the skin such as wrinkles, pigmentation
and changes in skin thickness (Jeong et al., 2011; Thring
et al., 2009).

Cell cytotoxicity and ultraviolet irradiation

Cell viability of human fibroblasts after treatment with
low molecular weight JHLB at various concentrations
(10, 50, 100, 250, and 500 pg/mL) is shown in Fig. 8. Cell
viability of fibroblasts treated with low molecular weight
JHLB at 10, 50, and 100 pg/mL had no significant differ-
ence in viability compared to untreated cells. However,
low molecular weight JHLB at 250 and 500 pg/mL resul-
ted in significantly higher cell viability compared with the
untreated control group. MTT assays were used to mea-
sure cell cytoxicity and the results indicated that low
molecular weight JHLB had no cell cytoxicity.

Comparison of human fibroblast cell morphology after
treatment with UVB irradiation and low molecular weight
hydrolysates of JHLB is shown in Fig. 9A. Human fib-
roblast cells without UVB irradiation and low molecular
weight JHLB in control cultures had a normal morphol-
ogy, however, the morphology changed significantly after
UVB irradiation compared to unirradiated control cells.
Kim et al. (2011) showed that oral supplementation of
collagen peptides (Gly-Pro-Hydroxyprolin, molecular wei-
ght 1.5 kDa) to hairless mice when exposed to UVB irra-
diation protected the skin from wrinkles. MTT assays were
carried out to determine cell viability of the fibroblasts
and showed that UVB irradiation significantly decreased
cell viability up to 50% (p<0.05). Treatment with low
molecular weight JHLB at 10, 50, and 100 pg/mL had no
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Fig. 9. Effect of LMPfrom Jeju horse leg bone extracts by pancreatin on cell viability. A), human fibroblast cell morphology; B),
human fibroblast cell viability change after UV irradiation and LMP-JHLB.

protective effect for cell viability after UVB irradiation.
However, treatment with low molecular weight JHLB at
250 and 500 pug/mL resulted in significantly higher cell
viability after UVB irradiation compared with untreated
control cells (Fig. 9B). These results show that the LMP
from JHLB has the potential to be used as an anti-oxidant
and anti-wrinkle compound in the food industry. /n vivo
testing should be carried out to further characterize the
potential benefit of LMP from JHLB as a dietary supple-
ment to prevent skin aging.
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