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Abstract: In order to investigate the potential of very low molecular weight hyaluronic acid (oligo HA) as a cosmetic
ingredient, we first measured its cytotoxicity in fibroblast, keratinocyte, and SIRC cell lines. For efficacy test, its mois
turizing effect and penetration rate were evaluated in an artificial skin system and Caco-2 cells. Oligo HA did not show any
cytotoxicity at a concentration of 300 pg/ml. in fibroblasts and 1,000 pg/mL in keratinocytes but it showed weak pro
liferation. In vitro ocular test, oligo HA showed negligible cytotoxicity at the maximum concentrations used (2,000 pg/mL) in
SIRC cells. In the test of the single and repeated cutaneous applications, oligo HA under occlusive patch did not provoke
any cumulative irritation and sensitization. Oligo HA at a concentration of 0.01 % exhibited a more potent moisturizing effect
than hyaluronic acid at a concentration of 001 %. In the permeability test using artificial skin and Caco-2 cell lines,
hyaluronic acid (MW, 1.1 X 10% was hardly observed in the down medium of the inserts. On the other hand, oligo HA
(M.W. 5000) was detected in the down medium up to 160 % at 6 h in Caco—2 cell culture and up to 90 % at 6 h in an
artificial skin system. These results suggest that oligo HA could be useful as an active ingredient for cosmetics.
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2.1. A <
HA (Z2Z9TEAZ Mn 1.1 x 10° Dalton)?= Bioland
(Chungnam, Korea)®] AEFE AFE3FaL, NMR &=

Sigma-Aldrich (MO, USA)2] DMSO-ds, CDCls, D:0 &
& Ageen YE7|EEZAZE tetra methyl silane
(TMS, Sigma-Aldrich, MO, USA)E AR&8lit) 1 &
Ao ALgE A°FEL Sigma-Aldrich (MO, USA)<]

AE TR e vixlE GIBCO (MD, USA)E A&
AHg-3E AT
2.2 EH7|7|

NMR &4-& Varian Mercury plus 400 spectrometer
(CA, USA)E AH&3F9 1 chemical shifte 'IM@E 7

A7 sto] SEHppme® Vet UV FEEE
Hewlett Packard HP-8453 (CA, USA)= A}%O]'Oi =4
A=

2.3. Oligo HA2| XM=

HA 10 g& 1,000 g9 Aol &322 5,
o] -3 - X| (Amberlite IR120, Aldrich, MO, USA) 80 g
7betal 90 ~ 95 TolAM 48 h &+ wvksisith whg
4 F Aol 2 u Al g Aqfdte] A 1 N
NaHCO:& AR8ete] F&A|zvh. wgds 54 xs
o oligo HAE 43ith

71-)4-@ oot
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2.4. Gel Permeation Chromatography (GPC)d
ol3t Xz X
Oligo HA®] HdEa#e

GPCE olgste] wAsolrk

AMg-st HEe TOSOH G3000PWXL  (Ultrahydrogel ™,
Japan)olth. FEEEARZE 9 % oY «=E 7k

polyethylene glycol (MW. 975, 2200, 5250, 10225, 20800,
American Polymer Standards Corp., USA)E AH8-3}%)
3l A= 01 M NaNs$t 200 mM NaCl F-89&
AbgBlg o {42 0.8 mL/min® & vt



2.5. Fibroblasts@l KeratinocytesdlAel M=z =4
=t

Human fibroblasts (CRL-2076, ATCC)®} keratinocytes
(CRL-2310, ATCO)E 27t 1 x 107 cells/well®] WEE
24-well plate] seeding$t ¥ 10 % fetal bovine serum,
(FBS, GIBCO)7} #7te Isocove’s modified Dulbecco’s
medium (IMDM, GIBCO, MD, USA) ®lx|& #7}8}o]
7VaskE 37 C, 5 % CO: vig7lol A 8FF &<t el
gt Serum—free IMDMO.E HIA S WAt A BE A
Z3led 24 h w<F wdEtt. MTT solution (25
mg/mL) 100 yL& %7F3te] 37 ColA 4 h &< st
% MTT solution®] A&#l® AX wlgdE AAs2
DMSO 1 mL& A¥e] AHelsle] MTT formazand =
H F 570 nm (reference OD 650 nm)ol A &3
Atk AE BTS2 oty FA0 o3 Atsir

L2 =
_—= 9

OD 570 (sample)
OD 570 (control)

the absorbance at
treated cells
the absorbance at

Cell viability (%) =
OD 570 (sample) :

x 100

570 nm of the
OD 570 (control) : 570 nm of the
negative control
(non—treated cells)
2.6. SIRC CellsdMe M=z =4 "7 Ocular Test)
Rabbit cornea cell line?l SIRC (ATCC, CCL-60)%&
x 10° cells/mLe] BE=Z 24-well plated] seedingdlal o
A= Eagle’'s BSS9 2 mM L-glutamine, 1.0 mM sodium
pyruvate, 0.1 mM non-essential amino acids, 1.5 g/L
sodium bicarbonate, FBS 10 %7} #7}¥ Eagle's mini—
mum essential medium (EMEM, GIBCO, MD, USA)&
AREERAT 24 h Eor Hldgl & FBSE sHRebA] ek

EMEMO. g2 wAtn, AY A5Z wxda #Hrie =

3 days &<t 37 C, 5 % CO: incubatorel A Wl F&}%1
t} djoko] Byt & A S A A3 phosphate buffered
saline (PBS) 200 pL& Al&E¢ = MTT (033 mg/mL,

Sigma)-&2}-& Well% 1.0 mLA 718k 4 h 3o
MTTE A A3t DMSO%E Well“ 1.0 mL® 7}t
2ol4 30 min Tt WA F 570 nmelA FFEE
48kt

-1{)1' ruz

2.7. Caco-2 Cellsg o|&%t u|251 "ot

Caco2 HEZ 1 x 10 cells/well?] FEZ Transwell
insert (12 mm diameter, 0.4 mm pore size, 24-well)
o seedingdtvh. v AMEZS MiA R ZLESFIL trans
(TEER, Millicell-ERS.

™

epithelial electric resistance

4 ghee] &8 191
Millipore)& Z73te] 2d 7Fd 300 Qem’ (blank &
g wE)2 wellwr A=eit wixE HBSS-HEPES
(pH 74)% A3 3 hyaluronic acid (HA, Bioland,

MW 11 x 1099 oligo-HA (MW 5000)& Z2z+ 25
mg/mLe| EEE insertel]l FH7Fett). 2, 4, 6 h &3t W
T inner well# outer well®] HBSS-HEPES (pH 7.4)
solutiong 73] gel permeation chromatography

(GPC) & A A H17-19].

2.8. IZE|FE o|E8 £ ™I}

Type I collagen, 5 x IMDM, raft buffer (22 %
NaHCOs, 200 mM HEPES, 0.05 N NaOH)¢} human
fibroblasts (1 x 10" cells/mL)E &%3 & inserto] ol
Al X9 (dermal equivalents)s Az3ka, 10 % FBS, 50
pg/mL ascorbic acid’7t #7e IMDM ®iA] 1 mL&
insertell oA 7 days E9 37 C, 5 % COz vjE7]o
A wWgshaA 2 days vieh AE mEelgth 7 days
% 2 x 10° normal keratinocytes% insertell ¥olA <&

HRE Azt AzE deuFe HA (MW 11 x
109 oligo-HA (MW 500002 7tz 25 pg/mLe] 5%
2 insertoll FH7FE} 2 4 6 h E<H ¥l% T inner well
3} outer welle] ¥R & $278}o] hyaluronic acid ELISA
kit (K-1200, Echelon, USA)2. 2 A3} o}
2.9, QAL
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Table 1. Clinical Evaluation Criteria of International Contact
Dermatitis Research Group (ICDRG)

Response Scorc Interpretation creatia

0 Negative”
+ 1 Incomplete or irregular erythema”
+ 2 Regular well defined erythema -+ induration®
++ 3 Significant erythema + induration + vesicle?
ot 4 Erythema purplish + induration + bullae”

a) non-irritant, b) slightly irritant, ¢) mean irritant, d) very
irritant, e) very severely irritant

MII (Mean Irritation Index) =

X quotations of the 8 readings (all volunteers)
Nuwmber of volunteers < 8 (readings)

SuPAE - ol - A E

Table 2. Mean Irritation Index (M.LL) of Allergic Reation

Mean irritation index Grade
0.00 ~ 0.24 Non-irritant (1)
025 ~ 099 Slightly irritant (2)
1.00 ~ 1.99 Mean irritant (3)
200 ~ 299 Very irritant (4)
3.00 ~ 4.00 Very severely irritant (5)

o, FHY FHAE AYs 3] SR Hi-g I

ANBEE HA(baseline)?} AZEE F 1 min FACR
Corneometer® ZA43}5L Zt 24X 7| A &4 A 7}9}
NEEX de] FAZHL] FE 7 ol
wel A ERE A3 vl B

A

2.10. & B4 XHEn 53 3. Za ¢ 13
A% BEASERE 1299 NPRE RPo 11
Honh AgRAAsE A9 daAe £2o2¥H 3.1, Oligo HAS MX % GPCE 0183 EXia 24
5cm Aol At 2EL Bl don] $5 Ay ool S B E o] Sal ohgo HAS Az 374
w5 A5 Aol 31 random3t A RS AR 2 oA gz, WA, FolLmarAsl el Wil
eme) BANBE 15 em AAOR ¥ PN AHG F W oligo HAS| ¥R RES i/\}é RcHa el o
S¥FAAM 30 min E¢F WYINT F, AFEAE Co- ) Vlefong A, vhg grlE gada B4 &3
reometer (CM825 Courage & Khazaka, Germany)= 5 S| Z o] £PL vwHT ES HE50F AFEIEES w
g F4sta, Hu HaE A 3 FHA Hits e o Hzlzke] HAZ) A EE Ase By T
werh A@Rge] Aol ARE 2 pl/enel Fo®  wEAT] 150004 300007HA2] chekad BApeke 7
Z=FEst, AE EX 7 9 min 30 s B AlH A + oligo HAS Al & ¢ 3den, ol ud 54
g mxAGT AAG B 0 s F FES AASL B o weAe sz BAw 500 0|8k dligo
Al 1 min H4 2% Corneometer® A 8% $]& 58] A3} HA AAo Z7He&E 248 4 9dAdtHTable 3).
Table 3. Molecular Weight of Oligo HA Obtained in the Different Reaction Conditions
Ton exchange (g) Reaction time (h) Solvent Mw” Mn” PDI
80 48 HO0 5,710 3,270 1.746
160 48 HO0 5123 3582 1430
80 72 H0 4,234 2,948 1.436
160 72 HO0 3823 2623 1457
160 9 HO0 2,062 1,246 1.654
160 120 H0 1,409 924 1.525
160 72 5 % EtOH 18,599 9,865 1.8%6
160 72 5 % MeOH 20,032 12,252 1635
160 72 20 % EtOH 29,133 17476 1.667
160 72 40 % EtOH 30,409 19,720 1.542

a) Mw © weight average molecular weight
Mw was measured by GPC

b) Mn : number average molecular weight

¢) PDI  poly dispersity index

thetald#ere] ), A 337 Al 3 %, 2007
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Figure 1. BC-NMR spectrum of oligo HA in DyO.
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Figure 2. Effect of oligo HA on the wviability and cyto
toxicity of human fibroblasts. Human fibroblasts were
treated with the indicated concentration of oligo HA for
24 h. The results were expressed as mean values of trip—

licate samples with S.D.

Oligo HAY] 2% #<3lr] 93] NMR 24& 8
A7, gagslel o3k AEAgel M #EEE HA 74
2 57?4‘51‘4 #olvt, ware] C-5¢8F C-64fole] o]
Aol AHE Fikgo] dojuir] skEE 91T 4
AR cHFigure 1). & T4 AZH oligo HAE HAS
U FRE FAEEA ExET 248 Ao
2 At

3.2. Fibroblasts2t KeratinocytesollAMe| M=
=t

Oligo HA®] Alx=4d 417 vEo] Ay AMSE &
= ¥HE ZAS] Y84 MIT assays Alaskaict
Fibroblasts$} keratinocytes®l] st oligo HAS] Al ¥4
< =A% A3} fibroblastso A= 300 pg/mL7HA HA
o] §l¥= Ao R F¥ T keratinocytesel A= 1,000 ug/
mL7bA] HAlo] gli= Zlo® gl ¢ vH(Figure 2, 3).

0

&
]

1

1

Figure 3. Effect of oligo HA on the wviability and cyto
toxicity of human keratinocytes. Iluman Keratinocytes
were treated with the indicated concentration of oligo HA.
The results were expressed as mean values of triplicate

samples with S.D.

3.3. SIRC Cellsg 0|88t MZE=4 H7HOcular Test)
AL LAEAL otAAME HIEH] #8 rabbit

cornea cell line?l SIRC cellol A oligo HAS] A& #H

7herdth w2 Er mE AE SAE B97re 734 5

2,000 pug/mLe] =% M dlelA AE BEE] 9

ol l& FRISHATE oA oligo HA A& Lﬂoﬂ *ﬂ

e Edol BANA e AW F AA

BT = —1113 TR
37}

=A10] gl WY el &%

!

£40]

oo X

&

il

3.4. Caco-2 Cells€ 0|23t Z|F&1T Ty}
Oligo HA9 & B3 2E YolH 112} Caco-2 cellsS
o]-&3lo] jn vitro skin penetration testZ <F3siTh

Oligo HA (MW. 50000k HA (MW. 1,100,000 =2t

25 mg/mL A3 F 2 4 6 h AI A|He| Caco-2
cells& THsbA] H3t iAol HA 43 cellsE& 3
3t 317 =] HA 48 GPCE %384 A %384k 6 h
F HA® suixlolM A9 7#E Hx] ek dbd oligo
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Figure 4. Effect of oligo HA on the viability and
cytotoxicity of SIRC cells (in vitro ocular test). The cell
viability was measured using the MTT method. The re
sults were expressed as mean values of triplicate samples
with S.D.
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Figure 5. Comparison of cell penetration ability of oligo
HA and A in Caco-2 cell lines. The contents of HA and
oligo HA in up and down media were measured by GPC
analysis. The results were expressed as the percentage of
the control and values represented the mean + S.D.

HAz= A7) A 899 160 %74 F3k= o] sF5-u) =] ol A
A& ¥ AcHFigure 5). Oligo HAY¥ HAo| H]3] & ¥
FEREE A deS 9T 5 Ak
3.5, QIBIRE 0|88 MEFIT HI}t

Oligo HA®] ¥ RHEE A7 H3te] A5 F
(artificial skin)= ©]-83}9] in vitro skin permeability

= T8t AFHFE A3 oligo HA 2
HAE A8 F 2, 4, 6 h A A7 Tk a4 ]
Aol 3= HASl <& hyaluronic acid ELISA kit® 4=
85Tt Caco2 cellg& o83 F3 Algd] vl =& &
H}5E Wtk 4 h & HAS 1.2 % S35k 9b4, oligo
HA¥ 5673 %9 Fi&& ¥tk 6 h ¥ oligo HA9
T 2A F7bste, HAC HIE 4938 =& 9052 %
o] F&5& YEhuIthFigure 6).

tetal g Eote) A, A 339 Al 3 3, 2007
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Figure 6. Comparison of percutaneous penetration of oligo
HA and HA through a constructed artificial skin. The
contents of HA and oligo HA in up and down media
were measured by hyaluronic acid ELISA kit. The results
were expressed as the percentage of the control and
values represented the mean £ S.D.

110
100
90
80
70
60
50
40
30
20

CV (%)

0 1 3 4

Time (min)
—A— Oligo HA 0.01%

6 7 8

| = HA0.01% —@— Trehalose 0.01% |

Figure 7. The comparison of the water content (%) after
the application of HA, oligo IIA, or trehalose on the
human skin. Water content was measured using Corneo
meter (CM825 Courage & Khazaka, Germany).
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