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ABSTRACT

The extract of Angelica gigas Nakai by supercritical CO, promoted the
expression of collagen synthesis-related proteinsin human dermal fibro-
blast. The condition applied for the supercritical fluid extraction was 400
bar and 60°C. By the proteome expression profiling, both of type 1(a.-2)
collagen chain precursor and prolyl 4-hydroxylasewere expressed 1.7 times
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more. The procollagen C-endopeptidase was also increased 1.5 times.
Proteome analysis proved that Angelica gigas Nakai promoted proteome
synthesis related to skin anti-aging in human dermal fibroblasts.
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INTRODUCTION

AngelicagigasNakai, whichinKoreaisreferred
toas‘Chamdanggui’, is widely utilized as an important
folk medicine, not only for thetreatment of anemiabut
also as asedative and anodyne agent. It hasbeen re-
ported to contain avariety of compounds, including
coumarins, essentid oils, and voletileflavorg®. Decursin
and decursin angelate, members of thecoumarin fam-
ily, can perform animportant rolein hydrogen peroxide
scavengingd, anti-tumort¥, and anti-platel et activities™.
However, few studieshave been conducted ontheskin
whitening and skin anti-aging propertiesof decursnand
decursinol angdlate.

Supercriticd carbondioxideisnow well established
asasolvent that can beutilized inthe extraction of raw

materiasfor cosmetic applications. Thismethod hasa
number of advantages. Themethod generdly alowsfor
quicker penetration of solid samplesthanisthe case
with liquid solvents, dueto higher diffusion rates, and
thismethod a so alowsfor the rapid transport of dis-
solved solutes from the samplematrix dueto low vis-
cosity. Almost no solvent residues are present in the
products. It isaso, of course, conducted at low ex-
traction temperatures, which lessensthe denaturaiza-
tion of thebioactive natural productg®®.

Inthedermis, theregulation of fibroblast prolifera-
tion, differentiation, migration, and gpoptosisis depen-
dent ontheintegrity of theextra-cdlular matrix (ECM),
and age-associated matrix changes are probably de-
terminantsof aterationsindermal functions. Theder-
mislayer iscomposed of connectivetissue and blood
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vessals. Derma connectivetissue contains collagen and
elastin. Collagenfibersaccount largely for thevolume
of theskinand thebulk of itstensilestrength, whereas
elasticfibersare associated with skin’s elasticity and
resiliencd?. Collagen dterationsarethe most relevant
changes occurring within thedermisinintrinsic and
photo-aged skin. During the skin-aging process, col-
lagen synthesisand enzymesinvolvedinthe pogt-trans-
lational processing of collagen are reduced™. Thus,
reduced collagen contents have been suggested asa
cause of the skinwrinkling observedin aged skini*Y,

Inthisstudy, wemadetheextraction from Angelica
gigasNaka withsupercritical CO,. Theanti-aging &f-
fect of the extract was observed on human dermal fi-
broblast cultureswith proteome analysis. Proteome
analysisbased on 2-D PAGE was applied for the pro-
filing of proteinsrelated to collagen synthesis.

EXPERIMENTAL

Supercritical fluid extraction from Angelicagigas
Nakai

10g of dried Angelica gigas Nakai, which was
grown in Korea, were ground for extraction. For
supercritical carbon dioxideextraction, an apparatus
including aone-liter extractor was used. Ground An-
gdicagigasNaka powder wasfilled and packed into
theextractor. Liquid carbon dioxidewas compressed
and supplied to the extractor using apump. Thetem-
perature of the compressed supercritical fluid wasad-
justed withthe heat exchanger prior toitsintroduction
to the extractor. Various combinations of supercritica
carbon dioxide pressure and temperaturewere applied
inan effort to optimizetheextraction. After extraction,
the pressure of the carbon dioxide-containing extract
was reduced using the backpressureregul ator. It was
then separated into gaseous carbon dioxide and ex-
tractsin the separator. Theliquid phase extract was
harvested from the separator. The gaseous carbon di-
oxidewasliquefied with the chiller and recycled via
supply tothe compression pump.

Cdl cultures

Human dermd fibrobl astswere purchased fromthe
American TypeCultureCollection (ATCC, CRL-1635).

Fibroblastswere culturedin DMEM (Wel Genelnc.)
with 10%fatal bovine serum (Gibco), and 1%Antibi-
otic-antimycotic (Gibco). Cultureswerepreparedina
humidified CO,-controlled (5%) incubator & 37°C. The
cellswere sub-cultured every seven days.

Céll viability assay (MTT assay)

AnMTT assay wasutilized to determinethe ability
of viablecdllsthat convert asolubletetrazolium sdt, 3-
(4,5-dimethyl-2-tetrazolyl)-2,5-diphenyl-2H-tetrazo-
lium bromide(MTT), into aninsolubleformazan pre-
cipitate. Inbrief, thefibroblastswere seeded into 96-
well platesat 3x10° cells/well and allowed 24 hours
for surfaceadhesion. The culture medium wasremoved
after 24 hours, then exchanged with anew medium
containing Angelica gigasNakal extractsat variable
concentrationsfrom 0~100 mg/L. The cultureswere
then maintained for threedaysat 37°CinaCQO, incu-
bator. After 3daysof cultivation, themediumwasre-
moved. Thecellswerewashed twicein PBS and incu-
bated for 5hoursinMTT solution at 37°C. After incu-
bation, theMTT solution wasremoved. Theformazan
crysta sformed weredissolved with DM SOfor 15 min.
Cdl viability was determined by measuring the optical
density of theformazan sol ution at 540 nm{*2,

Proteomeanalysis

Cédlswashedin PBSwereisolated viacentrifuga:
tion. Proteinswere extracted by cell lysis. Thelysis
buffer solution was prepared with 7 M urea, 2 M thio-
urea, 4% CHAPS, 1% DTT, 2% Carrier ampholyte,
4% PIC, and 0.002% BPB. Cédllsinlysisbuffer were
sonicated for 1 minand maintained for 30 minat room
temperature. The solution was centrifuged for 5min at
4000xg. The supernatant was collected and preserved
at -20°C. The amount of total protein extracted was
measured viathe modified Bradford method*®. Bo-
viney-globulin was utilized asthe standard protein.

Immobiline Dry strips (13cm, pl 3-10L, GE
Healthcare, and USA) were used with an IPGphore
fixed-length strip holder. The strip wasrehydrated for
12 hwith rehydration solution and the sample proteome
wasinjected smultaneoudy. Therehydration solution
was prepared with 7 M urea, 2 M Thiourea, 2%
CHAPS, 1%DTT, 2% Carrier ampholyte, 10% glyc-
erol, 0.002% BPB. Isod ectric focus ng was conducted

s BioTechnology

An Tudian Yourual



26 Angelica gigas Nakai promotes collagen synthesis in human dermal fibroblast

BTAIJ, 5(1) 2011

FULL PAPER o

12

10 - P

Yield (%)
o
1

0 100 200 300 400 500

Pressure (bar)

Figure 1: Supercritical CO, extraction yield of Angelica
gigasNakai at variousextraction pressures. Theextraction

temper atur ewasmaintained constant as60°C

inIPGphore (Amersham Bioscience, Sweden). After 8
hoursof rehydration, stepwisefocus ngwas performed
for 60 min at 500 V, 60 min at 2000 V, and then in-
creased to 8000 V and maintained until no current
change was observed. Focused IPG strips were
equilibrated for 15mininasolution (7 M urea, 2 M
Thiourea, 2% SDS, 50 mM Tris-HCI, 30% glycerol
and 1% DTT), and then for an additiona 15mininthe
same sol ution containing 2.5% iodoacetamide rather
than DT T, After equilibration, thesecond dimension
was run on 11.5% pol yacrylamide homogenous gels
(T-13%, C-2.5%, 18x24 cm)1*¥, Thegelswere stained
with silver nitrate. The stained gel was scanned and
the protein spot imageswere analyzed using 2D Elite
(Amersham Biosciences, Siveden) image andysi s oft-
ware. TheMALDI-tof MSandysiswasmadefor some
protein spotsto makethe proof identification.

RESULTSAND DISCUSSION

Extraction of AngdicagigasNakai with supercriti-
cal CO,

Theefficiency of supercritical carbon dioxideex-
traction depends on many factors associated with the
density of the supercriticd fluid. Among them, pressure
and temperatureexert themost profoundinfluence. The
extraction efficiency of Angelica gigas Naka wasas-
sessed by altering the pressures and temperatures of
supercritical carbon dioxide. Inorder to determinethe
effectsof extraction pressure, various supercritical car-

BioTechnology —

120

100 4

80 4

60

40 -

Cell survival rate (%)

20 4

1 10 100
Concentration of extract (mg/L)

Figure 2 : Effects of Angelica gigas Nakai extracts on the
cell viahility of human dermal fibr oblagts. Cdll viabilitieswere
observed after threedaysfrom dosing with variousconcen-
trationsof Angelica GigasNakai extract

bon dioxide pressures, 100, 200, 300, and 400 bars,
were applied at aconstant temperature of 60°C. 400
barswasthe highest pressure gpplicableusing our sys-
tem. At each different pressure, theextractionyieldwas
evaluated. Theextractionyield was cal culated asthe
percentage of the supercritical fluid extract to thetota
massof raw materid. Asisshowninfigure 1, wedeter-
mined that the extraction efficiency increased within-
creasing pressure. Thisisnormaly observed whenthe
supercritical carbon dioxideisapplied totheextraction
of lipophilic compoundsfrom plants. Asthe pressure
increases, thedensity of the supercritical carbon diox-
idedsoincreases, which resultsin higher solvent power,
alowingfor moreof extract to be dissolved out of the
Angelica gigasNakai powder™8. Various supercritical
carbon dioxidetemperaturesweretested at aconstant
pressureof 400 bars. Theextraction efficiency increased
withincreasingtemperature. Theyieldincreaseasthe
result of temperature differences, however, wasnot as
profound astheyieldincreaseattributed to differences
in pressure. Dueto the effects of pressure and tem-
perature, the conditionsfor the extraction of Angelica
gigasNakai viasupercritical carbon dioxidewereat
400 bars, 60°C throughout thisstudy.

Cytotoxic effectsof Angelica gigasNakai extracts
on human dermal fibroblasts

The cytotoxic effectsof AngelicagigasNakai ex-
tractsdiffered with different extraction methods; hot
water, 95% ethanal, and supercritical CO, fluid (300bar,
60°C) extractionswereinvestigated against human skin
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TABLE 1: Spot volumeof expressed proteinsrelated to col-
lagen synthesison Angelica gigas Nakai extracts (5mg/L)-
simulated human dermal fibr oblast

Protein name control SCF

Type 1(a-2) collagen
chain precursor

Group

7,011,723 12,471,633

Collagen synthesis procollagen
related proteins C-endopeptidase 17,738,02425,937,052
prolyl 1,270,742 2,154,150
4-hydroxylase

fibroblasts. An MTT assay was conducted with An-
gdicagigasNakal extractsat various concentrations,
inadoserangeof 0.001~100 mg/L. Accordingtothe
results of the MTT assay as shown in figure 2, the
supercritical fluid extract evidenced no cytotoxic ac-
tivitieson fibroblastsat concentrationsupto 5mg/L.
From thisexperimental result, the dose concentration
of supercritica fluid extract in culturesof humandermd
fibroblast wasdecided as5mg/L.

Promoation of collagen synthesisin human dermal
fibroblast

Human skinfibroblasts dosed with 5 mg/L of An-
gelica gigas Nakai extracts were harvested after 43
hours. 2D-PA GE was madewith protein sampl es ex-
tracted fromthe harvested cells. Protein profilingwas
conducted to compare the proteinsexpressed with and
without extract. Inthe control gel, whichwasnot treated
with Angelica gigas Nakai extract, 485 spots were
counted inthe. Inthe gel used with the supercritical
fluid extraction, 444 spotswereidentified. When com-
pared with the control gel, 253 spots were found to
match. 137 of these spotswere up-regulated and 77 of
the spotsweredown-regulated (Figure 3). Among the
regulated proteins, proteinsrelated to the collagen syn-
thesis were identified via 2D-image analysis and
MALDI-TOF. Thecollagen synthesis-related proteins
wereidentified asfollows: type 1(a.-2) collagen chain
precursor (pl 9.08, MW 129.7), procollagen C-en-
dopeptidase (pl 7.40, MW 47.97), prolyl 4-hydroxy-
lase (pl 5.49, MW 60.90).

TABLE 1dearly showsthat thedoseof supercriticd
fluid extract increased the expression of 3 proteinsre-
lated to the collagen synthesisin human dermal fibro-
blast. Thetype 1 collagen chain precursor and the pro-
pyl 4-hydroxylase were increased 1.7 times respec-
tively. 1.5 timesincrease of procollagen C-endopepti-
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Figure3: 2D gel electrophoresisof total proteinsextracted
from human dermal fibroblast. Cdlstreated with and without
5mg/L AngelicagigasNakai extractsat 48 h; (Ieft) control,
(right) supercritical fluid extract

dase wasobserved too. The propyl 4-hydroxylaseis
oneof enzymesrelated to tropocollagen synthesisfrom
protocol lagen. The procollagen C-endopeptidaseisthe
enzyme catal yzes collagen synthesisfrom procollagen
by thelimited proteolysisfor the solubility reduction.
Increases of these enzymesand collagen precursor are
clear evidencesfor the promotion of collagen synthe-
Ss, oneof important mechanismsfor anti-aging, by the
supercritical fluid extract of Angelica gigas Nakai.
Besidestheroleof collagen synthesis-related proteins,
many other mechanismsareinvolved for skin anti-ag-
ing. Theinteraction between extra-cd lular matrix such
ascollagen and cell substanceisasimportant ascol-
lagen synthesis. Theinteraction of fibroblastsismedi-
ated by specific receptorson their surfaces®,
Fromtheresultsof thisstudy, Angelica gigasNakai
extracted with supercritica CO, fluidwasfoundto pro-
mote collagen synthesisin human dermal fibroblasts,
important mechanism toinhibit skin-aging. Thiswas
proved by the proteome analysisthat Angelicagigas
Nakai promoted proteome synthesis related to skin
collagen synthesisin human dermd fibroblasts. Further
studiestoidentify componentsinvolved in thispromo-
tion would be anticipated to devel op the possible anti-

aging agent.
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