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Q ok B Oﬂ——rLoﬂfﬂh 3 YFEI}EF (sodium hyaluronate, HA) S &4 Baj|ste] B2 =7](1, 10, 50,
100, 660, 2 1500 kDa) ¥E A =% 5 244 4 9 FEF A vA= Y& fHEERE=E A5
t} ol & HA—E AT F-AH EZQ1 Hs68 A3z /‘1]“5” S YelA] ottt ekl Al s 1500 kDa, 50,
kDa HAZ} 242+ 59, 50% =2 Z2H AP F350] 5% Z o2 ettt Bx1 37]d] w2 HAL] I H-&%
=2 =43 A3} 660 == 1500 kDag] HAS 2% Hgke] wH)gk BEAE-S BPou AEA HA (1, 10,
E+ 50 kDa) 2 Algte] Al met £3hgo] F7kste As RIskAnh vk T M 2] RAW 264.7 Al
o] HA Ex}eF A7)0 & a5 35 213k A3 50 kDa HAVF &5 2|£% S Z nitric oxide & tu—
mor necr051s factor—a AL Adste] ot 2 Bkl HA (1, 10, & 100 kDa)oll ®is) 713 & dd=
R At AR 24 (hyaluronldase) g3t A== theksk =7]9) B418k(1, 10, 50, 100, 660,
1500 kDa)«] HA < 50 kDa HAZ} collagen®] &4, 95 9 A7 FF5=ol digh TFHA H71HE g Ak
AR w2hA o] s AF A= 50 kDa2 HA7} 7&«4—;—/‘%] Oﬂ*ﬂ el S SN, I B2
%% o IE FES FUste @RS dAg o= o7 4 FE ML S8F ZHE Mad &
A= 7HsAdE RHAE

Abstract: In this study, we examined the effects of various molecular weights (1, 10, 50, 100, 660, and 1500 kDa)
of sodium hyaluronate (HA), which were prepared by enzyme hydrolysis, on the collagen synthesis, anti-inflammation
and skin absorption. These HA did not significantly affect the viability of human dermal fibroblast Hs68 cells. Among
them, 1500 kDa, 50 kDa HA most significantly increased collagen production by 59%, and 50% in the Hs 68 cells,
respectively. Whereas 1500 and 660 kDa HA hardly pass through mouse transdermis membrane, lower molecular
weights (1, 10, or 50 kDa) of HA showed time-dependent increase in skin permeation. HA of 50 kDa showed highest
anti-inflammatory effects by reducing nitric oxide and tumor necrosis factor- @ production in the RAW 264.7 cells, com-
paring to other HA (1, 10, and 100 kDa HA). Recently, there is no report about anti-wrinkle and anti-inflammatory
effects and skin permeation of different molecular weights HA (1, 10 , 50, 100, 660 and 1500 kDa), which
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were produced by enzyme hydrolysis. These results suggested that 50 kDa HA can be potent candidates for the develop-
ment of effective anti-aging and anti-wrinkle cosmetic agents. The results of this study demonstrated that among those
HA with different molecular weights, 50 kDa HA showed highest anti-inflammatory activity, significant capability to

induce collagen synthesis and high level of skin permeation.

Keywords: hyaluronic acid, collagen synthesis, skin absorption, anti-inflammation
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32 8" AR HAC el It
g kst Aol B A7vt Aa Fo ok
[14,15].

sae et s 0% Ay ) BAlss 2e
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< H%

[e)
FeFe Fo16]. FEHAL AR OMI vx_(ﬁbroblast)oﬂ 9
& A E]_T’_ Ze}AIY] o] Z(collagenase)oll 2|3l #-3l =
H, 35S FAste TS Al1lY Z2H(type 1
collagen)ol 2ol tH17]. HF=sl= WAlE 81l
I o)A A gRlo g o] HedH WAA gRlems
Az W ASuEsel osl, A7 aflems 2 2
ﬂ“ %Oﬂ «lsﬂ doldti18]. HF= A2l =
HH3-© 2 reactive oxygen species
(ROS)7} MTOH S 5o 4HEd ~EYAE fdet
A&E Ag) ~EgAE o:l_z_ v B ZdhA
B, SRR Aol A 2 DNA We] B4 5
R FA RS0 &4 ofy|dtH19-22]. A
o F A3lA }\Ef,q])\oﬂ o]st E%L%_C B 3x
=

i 7‘]*’47‘}]«] /‘1]4947];54 %01 WHlE et
of 3775 o3k dF 9 =3kE X%
A3SA Aol EFFRIQ] tumor necrosis factor- @ (TNF-
a)ye Az Y g5ut %% =38}, activating pro-
tein-1 (AP-1)] AALE B3l S2hl E38) 42 ma-
trix metalloproteinases (MMPs)S 243} AlA Z7l
< A7 Hie] B g B AT
[20]. tﬂrﬂw HASHHSS o 116‘}5

v =245 9% =334A

ANZ 4 ATH23].

weba B AT A= I EA HAS hyaluronidase =
afjete] EAbF A7)0l wel ohkgk Alo]l=e] HAE
Az FH, A I FAEHs68 cells)oll A1) 244 &
e vl H 718k, Franz diffusion cell system= ©]
st D REAEE HlwsITE £33, ©|F HAS
RAW 264.7 (murine macrophage cell type)ollAl &5
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21, AeF & 7171

Dulbeco’s modified Eagle medium (DMEM)% fetal
bovine serum (FBS):= ATCC (USA)olA T3+ L,
penicillin / streptomycin (P/S)¥} phosphate buffered saline
(PBS)= Hyclone (USA)°llAl, 0.25% trypsin EDTAT
Thermo fisher scientific (USA)oA] FU43dte] AF&-31H
T} N-(l-napthyl) ethylenediamine, sulfanilamide, %!
phosphoric acidi= Sigma (USA)o A 43R EZ cy-
tox kit (Daeil, Korea), procollagen type 1 c-peptide (PIP)
ELISA kit (Takara, Japan) % hyaluronan enzyme-linked
immunosorbent assay kit (Echelon biosciences, USA)+
27t HE AEE, 2o 2 9% ERTE 2H6]
&l A3+ h Quantikine ELISA kit= R&D (USA)
ol Al T4t TNF-¢ & SAHsIA L, &47171+
microplate reader (Eon, BioTek, USA)E AH&-3|3Th

22 M= 2 3=

2 A3oA AMESE 18X HAE ] $8H(Korea)
oA Tt 71" =AM ARESF AL, Lee T2 el
w2} A 4FSE hyaluronidase 2 £3)| 31 ##AF HAS &
A5 =710l k1, 10, 50, 100, 660, 2 1500 kDa) &
S3ATH15] Ea-SS 1% AEA HAS 3% d3hd
EFo] 9 100 mM Tri-HCl &= (pH 7.0)° &3}
A1 %9l 35 unit/mL2] hyaluronidase &A4~-8 H7}s}
o] 30 ColA REGAIZ T ojuf RESAIZT £525 230
nm ¥4 5(DU730, Beckman Coulter, Germany)ol| 4] L
TAE WEEEE 2t 90 CollA ¥hg-& FAIA]
Atk ¥EEAIZE 10 min®ll& 660 kDa, 30 minol= 100
kDa, 70 min®]+= 50 kDa, 130 min®]& 10 kDa, 140 min
1 kD HAE |t ¥h3go] HE 132 micro-
filtrationt (Sartocon Slice microfiltration set 17521105,
Sartorius, Germany)< °©]-83t] 8¢ 9 F53 &, o
gEE JAHAA o]AS Il M3 ZE7I(DAVO2T,
Hanil, Korea)E ©]-&3}¢] 30 CollA 48 h A= 3 9
17](HMF-582, Hanil, Korea)Z #33to] #43}3 &
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Figure 1. GPC of HA with various molecular weights (1, 10,
50, 100 kDa). GPC (Aliance 2695, Waters, USA), detector: RI
(2414 refractive index detector, Waters, USA), detector
temperature: 30 C, column: OHpak column (SB-804HQ,
Showa Denko Co., Japan), column temperature: 30 C, mobile
phase: 10 mM sodium phosphate (pH 7.0), flow rate: 0.7
mL/min, GPC smaple: 2.5 mg/mL 660, 1500 kDa, 10mg/mL 1,
10, 50, 100 kDa standard, 10 mg/mL 48 kDa pullulan (6351
pullulan standard set, Sigma, USA) standard.

/\El

o] A8-3FATH15,56].

o

2.3. GPCE 0|85t HAQ| EXI& &3

HAS] &2-3-& SA3t7] 918l 1500, 660 kDa, 2.5
mg/mL 183 100 kDa, 50, 10, 1 kDa¥} 48 kDa2)
pullulan (6351 pullulan standard set, Sigma, USA)
standardE 10 mg/mL-S S0l 5] gel permeation
chromatography (GPC, Aliance 2695, Waters, USA)S- ©]
23t 0574 10 mM sodium phosphate (pH 7.0)S
ARESEA AL, ¥ (flow rate) 0.7 mL/min, A&7
refractive index detector (RI, 2414 refractive index de-
tector, Waters, USA), AZ2%+ 30 C, Z3H-2 OHpak
column (SB-804HQ, Showa Denko, Japan), ZH =+
30 TR A& st EAEFS AAKFigure 1)[58].

2.4, Hs68 MROLMIZZOf| CHEH HAL| M = HIt
Al 95 A folAl 2] Hs68 (CRL-1635, ATCC,
USAMIZZ 1 x 10* cells/mL2] F=Z 96-well plate©]]
seeding¥+ %, 10% FBS$} 1% P/S7} 3Z3+E DMEM Hj
A2} A 5% CO, incubatorl]| A 37 C, 24 h HlU3}A
ot 24 h H, ¥4 Z7]0l wet Al=E HA (1, 10, 50,
100, 660, 2 1500 kDa)= Z+7+ 0.2%, 0.5%, 2 1% ¥%
2 DMEM Hj Aol o] A|3zol] 223k th24]. 24 h
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EF iR o, v
UL B3t 4 h F<F 37 ColA| B3-S 7 &A#F
=719 w2 HAQ] ME =4S microplate readerE ©]
&3t 450 nmoll A SASFATH57].

Fo} EZ cytox kit ol 100

2.5, HAS| X1 F7|of| 2 dROMMZe| Z2il eHds
7}

Hs68 oAl Z 5 x 10* cellsiwell 52 9-well
plateoll &% F, 10% FBS¢ 1% P/sﬂ Z3he
DMEM 8 A2} 34 5% CO, incubatoroll A 37 C, 24
h sk 24 h S, B4 7 E A 2% HA (1,
10, 50, 100, 660, 2 1500 kDa)& 22} 0.2%, 0.5%, =
1% & == DMEM HiA| o]l o] Aol A 2jstqitt. 24
h &<t vt o jFl-& To} procollagen type I
C-peptide (PIP) ELISA kit |83t t}2-3} 22 W
o= Fepll s SAHATH2S]. GHEE FAVE =
&= plate]] antibody peroxidase (POD)$} v Fl-& 1
37 C, 3 h ¥-3-A1Z] o, 7|4 Y(tetramethylbenzidine
solution, TMBZ) 100 uLE 3L 15 min &<k 20l 4]

SAIZTE 15 min 5 microplate readerS ©]-83}]
450 nmo| A A F710 WE HAS E2Hd F4ds
S ZA3FH 2, vitamin C (20 ug/mL)E positive control

= Aesiq

iy

2.6. HAQ| Xt 27|of| WE m|f Fut Mg

=0

2.6.1, Transdermal Franz Diffusion Cell SystemZ O|&gt HA
o EXi 370 WE mE Fut MY

FTHRE AMEst] AES st on dFn
214, 35 (epidermis), %13](dermis) ¥]+-2] 7
AE3)] 2 3D IF-2H 2] Neoderm-ED (TEGO
Science, Korea) 6-well-S H| ALo] A2~ A i35+
AHERTE 743 IE 3 F-E Franz diffusion cell ¥
of Raste] FEZE TASAT ©] F donor cham-
ber o= 02% FEO EAHE Arj¥E=E Azl
HA (1, 10, 50, 100, 660, 2 1500 kDa) 5 mLE %3l t}
£ 3Z(receptor chamber)oll= PBS 5 mLE 22 $9
diffusion cell drive console= ©]-83}] 37 C, 600 rpm
o2 dAsH wHke SFATE ARPE(L, 2, 4, 8, B 12
hZ EF343+ HAS hyaluronan enzyme-linked im-
munosorbent assay kit< ©]-83t] T3 22 WHHO
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2 A3 TH27].

96-well plate®l| standard ¥ F3F HA & 27} 10
uLe HA AZ £ 50 uL& 9o 37 CollA WH-g-3}
. 1 h ¥ ¥k& 8 100 uLE antibody”’} B plate
o] @ol 4 TolA 30 min ¢+ ¥H$ 3 A H 8-
3 A HEA T MAH SRS 3] AA S T ukE
FAE 100 uLA 7t wellell @a1 37 CTolA] 30 min &

k359 A, 71889 100 uLE Y] 30 mingt 5
7F2 HE-3-31 T 30 min F microplate readerE ©]-8-3}
o] 405 nmollA FFEE SAATH28].
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27 HA®| EXl (0 W2 S B Hlm

2.7.1. HAS| EXI 370 mE NO My Xl o

HAS EA A7]o] ©& NO B4 A& &4E&
mouse macrophage cell] RAW 264.7 (TIB-71, ATCC,
USA)M|EZE o] &3ale] ZAFSIATE RAW 264.7 AlZE
1 x 10* cellsmL2] H== 96-well plateol seeding3t
%, 10% FBS®} 1% P/S7} 3 DMEM Hl#| ¢} §H7)
5% CO; incubator®| Al 37 C, 24 h w]F3}ATh 24 h
F, 10 ug/mL9] lipopolysaccharide (LPS)$} BA-& =
71¥ 2 Az9d HA (1, 10, 50, 100 kDa)S Z+z} 0.2%,
0.5%, & 1% &== DMEM B A o] o] Ao Xz
kAT 24 h &<t vl¥S ThE, Griess reagent [A:
0.1% N-(1-naphtyl) ethylenediamine in H,O, B: 1%
sulfanilamide in 5% phosphoric acid; A: B = 1:1]9}
HjFHE 1:12 10 mingt ¥-&A1Z1 F microplate
readerE ©] &3} 540 nm FFANA FFE=E A

st

2.7.2, HAQ| EXtg 37|0f 2 TNF-« Mo X &4
HAS] &2 710 W& TNF-« o] A4 A& &4
< H7}87] 98 Quantikine ELISA kitE o] &3l =
A3FATE RAW 264.7 A|Z£ZE 1 x 10* cellsymLe] %=
2 96-well plate®l] seeding@t ¥, 10% FBS2} 1% P/S7}
¥3tE DMEM viR| 9} 7] 5% CO, incubatorol A 37
T, 24 h WlF3IATE 24 h H, 10 ug/mLe] LPSS} A}
2 I71¥E AlxH HA (1, 10, 50, 2 100 kDa)S z+z+
0.2%, 0.5%, B 1% X% DMEM s Ao =o] A|3Eo]
& slA T} 24 h <k ksl ths v okdS Fo} 3
-TNF-a 12} &A17F I8 E 96-well plate #5311 2 h



2.8. SAXE

AF A= mean + S.D.E JERAAJTE 5994 A
L Student’s rtestE AAEFP o™ AP 7He] -9 A
2 p < 005 FEAA AZIATH

3. Zut ¥ nF
3.1 HAQ| EXIZk7|0f| 2 Hs68 MSO0MIZ0]| CHEt =4
ot

HA 2] 211, 10, 50, 100, 660, 2 1500 kDa) & &
(0.2, 0.5, 2 1%)ol] W Hs68 A-frobA| o] =L
o] M= FFS AL Yst] EZ cytox kitS o]
43139tk 0.2, 0.5, 2 1%2] 1 kDa2] HAS #2]319<&
ol 2 vl AE =80 2+t 12, 11, 9%
A3l 10 kDa2] HAS A E3t9e e Al A
E&o] Z+7F 14, 14, 10% AastH Tk g4, 50, 100,
660 2 1500 kDa®] HAS =2 A 83t9S v, 5%
ool mugk N AEE AE YEFSTHFigure 2).
A AEAFA A 2 10% W9le] AlZ5A-S YEl
O, FRkA o 2= BAgo] Aagle] MEEAL v
HEAY fle ZAoE et
3.2 HAQ| EXI& 37(0f E MROMZe| St gy

ot

FeHlle DRE FASHE T8 =R A folA
Fo|A el AL FH M|z Atz o v}
T AHAEA FFES v
collagen®|2}= HT-E2 2] P
2ZHEHE G7IAES 238t I, S S
o] doid wfj weke] ZEAEETF Het FelE o
el B9 foldinge =9 S =9ttt 4
A Ak weba ZEHEHES] FS SAHATOEZN =
2l AR AEE F8L  ATH29,30]
ASA AIEZIRIQI TNF-a & &5} Al
NE F38H, 0.2%2] HAS Al #3ld 2
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Figure 2. The cytotoxic effects of HA with various molecular
weights (1, 10, 50, 100, 660, 1500 kDa). Hs68 cells, seeded at
10* cells/well, was incubated in a 96-well plate at 37 C. After
24 h, cells were treated with several concentrations of various
molecular weights (1, 10, 50, 100, 660, 1500 kDa) cultured for
24 h. Then cytotoxic effects were measured as described in EZ
cytox kit. The results were expressed as the percentate of the
control and values represented the mean = S.D. (p < 0.05, “p
< 0.01, ***p < 0.001, versus untreated control).

9] 385S SAATE 1 Z3 TNF-a (20 ng/mL)
T A3 2T oFFAE A B3HA] %2 untreated
control ¥} Bl g A} FebAl Aol 20% A5
o} 4, TNF-@ (20 ng/mL)TF % 2] 8 tiz73 vl
3l 1 kDa2] HAZF BAloll X2 gt 72 38%, 10 kDa
o] HAS A3 79 53%, 50 kDa2] HAS A &3
7395 50%, 100 kDa2] HAS *]8]3F 749+ 35%, 660
kDa®] HAS A 2|d 79 48%, 1500 kDa2] HAS A
23t A= 59%2] Rl AR S7IE HAS B4
ol ALdTE Sl A8 BEV} Sl AP
UERS TH(Figure 3). Park 59 A7l 9J3tH 11.5 ~
1500 kDa ] HAGIA] Z244 AFES S7HA1A -2
o] Ay} A3t FFS EATH3I

3.3 HAS| EXI& F7|0f| E QUJL|E Fot Mg
HAS] At 7)o & A3 F F4&S 12 h
THA| Aol et A& A st 9 7E T3 HA9
&2 Figure 49} 2T} 0.2%2] 660 2 1500 kDa HA <]
Azt W2 I5 BERE= X5k el vls)] 2% F
tho 2 Ezgo] vu|gk 9k, 100 kDa ©]5+e] HA
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Col lagen synthesis (% of control)

Untreated Vit.C  Control
control  20ug/ml

(20ug/ml)

1 10 50 100 660 1500

Sodium hyaluronate (kDa)

Figure 3. Collagen synthesis effects of sodium hyaluronate with
various molecular weights (1, 10, 50, 100, 660, 1500 kDa)
Hs68 cells seeded at 5 x 10* cells/well, was incubated in a
96-well plate at 37 C. After 24 h, cells were TNF- « -treated
with several concentrations of various molecular weights (1, 10,
50, 100, 660, 1500 kDa) cultured for 24 h. Then collagen
synthesis effects were measured as described in procollagen
type I C-peptide (PIP). The Results were expressed as the
percentate of the untreated control and values represented the
mean £ S.D. (p < 0.05, "p < 001,
control (TNF-a 20 ug/mL)).
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p < 0.001, versus

B AlgEo] Agol] whe} qlEuE Fago] A9
=7kt 100 kDa ©]3Fe] HA> EF Aol A
of e} lFuF Figo] dA3| FUistATh 1%
7V =2 —Erﬂr% HQl HAS EX } 1 kDa®] HAS.
21,2, 4, 8 % 12 holl A3 v} E3lzFo] x)g)s}
7] el Hl EHEM 26, 53, 62, 69 B! 87%= S7F8FAL

o2 o B8-S Hel HAS A 10 kDad]
HAS.Z YERGTE 10 kDa2] HAS AlZke] Al u}
g} 25, 51, 55, 64 L 75%=E QlFgu|F E3}go] Z7}3}
Atk 2 9o 50 kDa HAS| I]& FEg2 Aglstr]
el HA F3-&ol vlaste] Akl Aol we} 24,
41, 55, 57 B 76%= 57kt AL, 100 kDa®] HA2 A
7ol Aol whek 23, 33, 36, 37 & 50%= SlFu R &
Igo] T

A2 HAS| &2 95 B33 ojn] Bid vprt
It} M. Essendoubi®ll 23} Franz cell (300 uL, 8
W32 C)& ©]-83td HAY 55 1%E 3tal, 1000 ~
1400 kDa, 100 ~ 300 kDa, and 20 ~ 50 kDa 3|3 &3
%= Raman spectroscopy > 2 =43 A3y} HAS| Ex}
ol ZtadrE I Figo] FrletdteE Bavt

thEkaladEsks] A, Al 428 Al 3 &, 2016
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m0h ®lh B82h S4h ®@8h =i2h

Hyaluronic acid relative (% of initial time)

660

100

0.2 % Sodium hyalruonate (kDa)

Figure 4. Comparison of percutaneous permeation of 0.2% low
molecular weight HA (1, 10, 50, 100 kDa) and 0.2% high
molecular wight HA (660, 1500 kDa) through a constructed
artificial skin. The contents of high moluecular wight HA and
low molecular weight HA in PBS permeation were meaured (0,
1, 2, 4, 8 h and 12 h) by hyaluronic acid ELISA kit. The
results were expressed as the percentate of the initial time and

seokok

values represented the mean = S.D. (" p < 0.001 versus initial

time).

ATH55]. Kim 5ol WE™ 1,100 kDa] HAS] F37}&
2 JAFIRE o] &3l ZAE A3} 1.2%2] v]o|gh
E3-8-8 133l whE, 5 kDa ©]8}e] HAL 90.52%9] &
& B8-S YeEPI 8] =3 Farwick 5o w2

300 kDa®] HA®l ®laLste] 50 kDa®] HA©] 3uj o]
H £ B985 HAdgy Busyri32]. a2y
9 Ru1Ee AN de AR AHEEA &
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Figure 5. Anti-inflammatory effects of sodium hyaluronate with various molecular weights (1, 10, 50, 100 kDa) on the LPS-induced
RAW 264.7 cells. (A) Effects of sodium hyaluronate with various molecular weights (1, 10, 50, 100 kDa) on the NO production in
the RAW 264.7 cells. RAW 264.7 cells seeded at 10* cells/well, was incubated in a 96-well plate at 37 C. After 24 h, cells were
10 ug/mL LPS treated with several concentrations of various molecular weights (1 kDa, 10 kDa, 50 kDa, 100 kDa HA) cultured for
24h. Then anti-inflammatory effects were measured as described in Griess reagent. The results were expressed as the percentate of
the untreated control and values represented the mean = S.D. ("p < 0.01, *"p < 0.001 versus control (LPS 10 ug/mL)). (B) Effects
of sodium hyaluronate with various molecular (1, 10, 50, 100 kDa) weights on the TNF- ¢ production in the RAW 264.7 cells.
RAW 264.7 cells seeded at 10* cells/well, was incubated in a 96-well plate at 37 C. After 24 h, cells were 10 ug/mL LPS treated
with several concentrations of various molecular weights (1, 10, 50, 100 kDa) cultured for 24 h. Then TNF- @ production effects
were measured as described in immunosorbent assay. The results were expressed as the percentate of the untreated control and values
represented the mean + S.D. ((p < 0.05, “p < 0.01, ™p < 0.001, versus control (TNE- @)).
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