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Synergistic inhibitory effect of electrodialyzed deep seawater and alkaline phosphatase inhibitors
on the calcification of normal human fibroblasts
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Abstract

Deep seawater (DSW) inhibits the calcification of normal human dermal fibroblasts (NHDF)
caused by UVA irradiation. Previously, we reported that the expression of the alkaline phospha-
tase (ALP) activity of NHDF was induced on the calcification of NHDF caused by UVA irradiation
and that DSW suppressed the expression of the ALP activity induced by UVA irradiation. The
purpose of this study is to research the relationship between the expression of the calcification
and the ALP activity of NHDF induced by UVA irradiation using DSW and two kinds of well-
known ALP inhibitors. In this study, electrodialyzed deep seawater (EDW) was prepared, because
its evaluation was better than DSW in the irritation test using SIRC cells from rabbit cornea. First,
the effect of EDW on the calcification of NHDF caused by UVA irradiation was investigated. Next,
the effect of EDW on ALP activity was investigated. Furthermore, effects of etidoronic acid (ETA)
and homo arginine (HA), which were well-known as ALP inhibitors, were investigated on the calci-
fication of NHDF caused by UVA irradiation. As a result, it was suggested that the suppressive ef-
fect of these inhibitors on the calcification of NHDF caused by UVA irradiation was limited. So,
the effect of the use of both EDW and an ALP inhibitor was investigated on the calcification
caused by UVA irradiation at the last step in this study. As a result, the addition of both EDW and
ALP inhibitors remarkably inhibited the calcification of NHDF caused by UVA irradiation. It was
suggested that the addition of both EDW and ALP inhibitors has a synergistic effect on inhibition
of the calcification, because this inhibitory effect on the calcification was not able to be explained
by the suppressive activity on ALP activity only.
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HAENZ BT A DSW O FI L, 19854E 12 B
FHEA T GRCER ) o7 7 7~ ) Y ETE [

PR KB IR OB R HAMT 2B 3 2 WFgE ) 120 %
L TWA, 19894E121%, DA ER O RE LixiER
EER KBRS ST 50T, BEIZ30
RIEOWMEREREFTH. —HER DX, 20074
> B i ] UL AP BT C UK 2 800 m @ DSW D HLK %
BLG L C, BEERHANOEHIZIT 2RI ETF L
THHIZES TS, FHID L B 1) DSW D H 4
?i%ﬁ’%éﬁ,%%%uﬁu,mw%zbw
XS B ICHERT A2 82 HI9E LTHZEZ
Bl TW5b. mmmzbm@ﬁ“ﬁ«mﬂmﬁ%
T, BESHINTHREL 7-DSWEEKD & bR
22h% &, EIERERTH ARG BRI, mILE
KE, BERRE, BIIRWEALZ: SRR D - 72 & o)
D QLA 2018). L2L7AaA 5, DSWEEKIE
U2 & B BIERDYE BT BV LR S
PIZENTBHT, BT REFHEEL LTESNT
W5, ZOWTESSIZBIIREL L v BT
LIZxT 3 2 DSWOLEHIZHE B LT\ 5. ik OWF
78T, BIRTEALO R TDH B %KM O AIKAL
X, DSWIZ X DIl SN D Z & D%in vitroWlf 58 %
LThbr2oT&7 (IUHS, 2016). F 72UVAA
Y) S N7zNHDF T b AIKALDSFHE S B 2%, T O
HEARFRE A IKAL D~ — 71 — T d 5 ALP OIEMEDTLHE
5. ZOUVARS THE SN L ALPIEHE O TLE
ZDSWAHIH 5 2 & 2o Tt L7 (LLHE S,
2017). TNFETOMZEN S, UVARRGHC L DAL
AKAL TS, BRAIKILORET (EH, 2010) &
FARIZ, ALPWEHEOTLHEZED) 2 &b h o0
T, ZOAKALBIGIHR L CHEAE O ALP & 14 FH 5 #
AHIHIVER % 5B 5 2 WIFEDS k- 7z, ALPIZEAL
HEKNTO—>THY, EEHNTe FaFs 785
4 RMEEELTnLEDY) YERPSALPIZ L 5 TE/
) VBRSNS MR AIRAL D HER T B (
B EHAR, 2014). HIKILOHEREL, BRHREOM
MR Tl SN2 75, IR MBS, ARF#M:
%R SN DA AIRAGIZ R AL & I

SeHBEY - AR B - TPAS A

THIRE OB E % R A EERE T 25
D—DTHLBIRELIZZ D) LR EL R L
IMETHY, ZOERRE %2 DOPBEHIROAIKILT
Hb. BIROFEIZIE, BIROBEE MR VW) E
LR B 2 0 ) A A (VSMC) 23 F1E T
5705, BIIROBIKALIZEE - TZ O ALPIHEEATTHES
BT b (I, 2010), ALPIFHMEE AIKLE DR
ZIEHRWAHRADSH B Z E VIS N T 5. FEERICE
ﬂ®Mf@ﬁmiﬁf%5l%bm/%@mw*
BARS R A IR R L - d (RS,
2003) bH Y, HEROAIKALIZ ALPIEMEDK & < B
BLTWaZ EIZ8WA RS, EERAOAIKILE
NHDF~OUVAFESHIZ & 0 A4 U 2 AIKILIZiX, 20
BEICBWTETOHELND L 2 L v FHE O ITHE
LTBY (LHES, 2019), UVARSHZ LI DAL LA
AL E Z AU L) FHE SN D ALPTEEO BRI O W
fu,itﬁﬂ&&ﬁuiofw&u
FAROEFOTF, ARWFZETIE, UVARSHZ XD A
U % NHDF O £k Al & ALP & D BFRIZ D TGS
T 57202, EBRICHFERBKE e MR 52
EREELT, MK B REMELS LD K
DSW O T 5GENT LB K T 52 EDW B & O A1 0
ALP{EPERH ] % v C, NHDF -~ UVA I 5+
BANDALPHENES L OUVARSBICE VAL 50
JRAENDFEBIZOWTIHRET L7z, ZO#R, BHTo
MRS N7z TRBUZTHRD.

2. MEERE

2.1 SIRC % v - Hl ik =R

REFZEICH 720, TRV b Z B LTt
Sk oA B SR L2 & vy B S £ I kA (SIRC,
JCRBI122, JCRBAHE /N> 7 ) % 7z, SIRCIE—#i%
CHIBIC 3 2 BREPEC, FHREL RV &h
5, ALHE 0 %2 SR o HIRS RS ik sk e (R i
bt ncBh (A, 2005, Fbitbho

FHETOMEIZBWTNHDF & ) b #HE 25 <
(7= RIR), HBERBICIZ I VIFETH S &
EZ N/, FTTHRAS (1990) Ol F% %12

DSW % & AGENT AL SE & (ASTOM, Pl 5 C66-
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Table1 Composition of elements contained in DSW and

EDW in Izu-Akazawa
Concentration (mg/L)
Elements
DSW EDW

Na 9,643 =570 554 + 54**

K 422+15 1171+
Ca 397+23 245+ 30*
Mg 1,220 =17 1,193 40

B 55%0.2 49+0.3
Cl 18,332 =225 4,042 = 87**

(n=3, mean = SD, *»<0.05, **p<0.01, Student's #-test, Asterisks indi-
cate significant differences between DSW and EDW)

10F, BEAs gL ; AMX-SB) (2 & O 1fli O3 2 K &
B 7GR B K T & S EDW O Mg #I#E 12 Dw» T
DSW & H# L7z (Table 1). § 7 HSIRCE 96X~
A7a7L— b~ (B#EMRE (1 7%) 12150001
KL -0, 10% (viv) FBSE&H A — 7 )V MEM
B (HK#3E) C1H MRk 28 (37C, 5%C0,) %
fTo7z. HikiEt, FFMHHEOEHRED208 &
030% (viv) &7 5 X 91210% (viv) FBSEH A —
JOVMEME 2 F8 L, ZHICRKL TE 5123
HM#E:2E (37C, 5%C0O,) &1To72. FoHEM % iR
F:LTH21210% (viv) FBS& A 4 — 77 )V MEM
WHBLP80mg / m==2—hrJF VL v F (NR, £#h)
PBS (—) (HKHEHEE) %4 %1004l KT O8HM L
T, 1EFIE; 38 (37C, 5%C0O,) % A1To 72, BifEf4,
B 2 BRE L C1% (viv) Belk (k) &R 5/ —
WV (FE#R) 2100wl 7ML, ARBAIZILY A £
NENRZHBLT, A 2707 L—11)—%—
(MTP-810, 7 1 FE45) TODg % llE L, SUEHER
INIX O H5EME % NREGAZE100 & LT, AR INIX
OPEMEE A ETFD L. KRB TIINREIGA
FOMTIC L DRENEATREE NS, b, bl
L LT, 258X U50ug/ml®d K72 VAGEES b V)
7 L (SDS, F§hk) & Hv 7z,

2.2 UVARSHC &V E LU 32 NHDFORIRIEICH T
3 EDW O {EH

NHDF (NBIRGB RCB0222, #EAL2AWF 8T /N A 4 1)

V=AMLY Y =) BIMOREEY v — L (490,

HRY =474 v 7 A) I L, 10% (v/v) FBS

EHeMEME ML (7 T4 T A7) * HlwCTa vy

VIY MNIREEIC 2 F CHEBICTR#ELZ. 2ok
BEONHDF % #ET2HORE Y v — LICHK L 72
e BRI 7> TlE, T OTEFHTHEAL L < Hysi

L72NHDF % 96 X~ 1 7 10 7 L — b IZ3KfE L Cilbr
WL 72,

FR-CH & L72NHDF % 10% (v/v) FBS&H 1 —
7 )VMEME; #i (2% L 721%, 96R~A4 707 L —
R 220,000, 7C (100 ul) & 72 % & 5 I2HEFE L T2
HHERIEEZE AT 7205, WWHS (2017) O FFEIC
# D CUVARRSEUER ISt L 72, UVARRST 2 12 B
THAKALFEREH & LT, 1R 720 100D
10% (v/v) FBS& £ A — 27 )V MEME; #1, 20 1O
20 mM CaCl, (F15%), 10 xl @20 mM MgCl, - 6H,0 (#1
J6) B L 25l DPBS (=) (A EAHY05-25% (v/
v) IZ7% 5 X ) ICEDWZ R L THEKTEE %
200ul/ RICHEL CIHMRE2 77205, #
5 (2009) O FFICH#E U CHIKILOHIE % 1T - 72
bbb, UVARRSAL H BAIKLFEE 1R 22
L 72 NHDF O 5 # % B 2% L CT50 ul /X OPBS (—)
TIEHEL2DB, 100ul RKOE XS 7 —)v (Fl
J6) AWML T304 Ok T) #iE L, gz &
EL7Z FER, A —IVEBRELTOU K
DOFEEIK T2MPEG L 72D b B L7z, BEHBICh
IRALGe e v b (T 2 ENA ) A8 OBRIEEFHIC
Bt o CTHBL L 729t % 50 ul,/ RSO L CTHe
f (37°C, 30470, #HE) L7z, KICHmi xR L
TH v MIBOTREH E RS OGBE T T
TR YR L7z ik, SiRCTHoci
EH0B, 100 KD10% (viv) NXHT Vv
V) Yoy aznan) REE (R0 2ilin L TR
MW L 7o 2 fhil (37C, 60431H) L7z b,
ODso % I5E L 72, 72 BUVA RS 212 FF MR o
R W ATREBK & F v 7 Ml R BR L2317 BURHE
IIMIX D ODso il % FIKALEET E LT, sAHRINIX
DEIRALEE & HRHiE TR b L 72,

2.3 EDWODOALPEFREMHIC T 5 1EM

ALP (E. coli A19HI2k, #1575 31801531, & 1
7 4 )V AFE) %375 mUnits 127 5 & 9 1250 mM b
1) ZSRREAREE (pH 9.0, F¢fk) CTHEL L 72 ALPIE R
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10 pl & IR FE IR U 723 RHA R 20 Wl 2 1R A L T5
GETLA Y FaN=23ry (37C) L2tk 2h
12200 D05 M h 1) AIEEEFRER (pH 9.0) & 20 ul D
10mM p-= b0 7 = =)V ) v ERIAETE (F5fh) 2 RA
L7z®%, 100 ul @ 4M NaCl Bk 2 aimL, f5#
KTEEIT0u & LB 2RI L CTRA L,
EHIZ100M A v Fa~x— 3y (37C) #17-
72, A ¥ aR—=33 %, 05N NaOH 100 ul % 7%
MmLUCTRIBZEEIEL, ERBHEIS R~ A 71T

L— 1N —%F—12200ul” 53 2O L TOD,H % il
E L7z, e BEHEEE DD D ITHEK 2 v 724t

X RRR I ZERAE L 72 3RHEETRINIX @ OD 5 il 2 100 & L
THUBHAINIX @ ALP G4 2 AHXHE T 5 L 7-.

2.4 UVARREHC & VAU 3 NHDFORKALICH T
3 ALPEMERRER DA

220 Z 4 TNHDF = #& ff L 7296 X~ 1 7 1 7
L — b %[ U< 220%5H TUVA BUEBRICHE L 72,
UVA % Ba5$ 7%, 2.2°CoR L 72 A IKALEEEES #H o EDW
ORI, FIREA0001-01mM & 7% 5 L 9 (2
ETA%, F7-#GEEA01-100mM & % % X 9 IZHA
UL TREEIKT20u R E LD L) IZHHEL
TIHMEEEZZT-27206, 220FHTHIKILO ]
ExITo 7.

2.5 UVARRSHZ & WAL 2 NHDFORKALICH T
% EDW & ALPEMEREEH OFERERICL 3
1EH

220 Z 4 TNHDF = #& ff L 7296 X~ 1 7 1 7
— M2 220 FGH TUVA BRGFEERIZ L L 72, UVA

%%W&,%EEkLT%EiU%%GWHEW

£0.001 mM ETA 35 £ O°1 mM HA D [@ B & 7% 5

LI ITFEAKTEEN 2006l RICHTEL TIHH

BEZIT-o706, 220 FH THIKLDH %E %

177z,

2.6 EDWEALPEMREERORBERICL S
ALP DEEFEEMEICH T 5 B

25 TEDW & ALPIHE M EH ORI IZ XD,

UVAFESHZ X 0 4 U %A NHDF O A I LEINC BT %

SeHBEY - AR B - TPAS A

FFEVEH D20 SN0 T, ZOVEHET 2 a4
5 72O EROHIKALIZ B W TEE 2 ALPOFEH
KT LT, 230 %E5H TEDW & ALP{E 4 BHE
DRFERC X 282 BET L7z, % Bl H 72
0, FAR ORI AN 2 A KA EIE I 2 2 L
72 TH 5 25% (viv) EDW, 0.001 mM ETA B £ O
1 mMHA %558 L 72

2.7 UVAEE & U 7ZNHDFODOALPE M ICH F 5
EDW & & U'ALPEMREEH D EMA
UVA I8 5} & 1172 NHDF @ ALP{& 2DV T, 220
FECHE L CUVA = g L 72 1%, &E 2L
TSRS 28 L 72 NHDF @ ALPi% 1 % (L H & (2017)
OFFIHECTHE L. ThbbEmEREL T
50 ul /X ®OPBS (—) TNHDF Z 2\ 3k L7-. 2
5 @ 7 1210% (v/v) Triton X-100% HPBS (-) %
50 )/ T OWM L CAC TLBER A > F 2 "—3 5
¥ AT o TR S N B I O ALPIEPEIZ D W»
T, WF v b (ALPHEMSEF v &, fDGHESE) % H
WTHIE L (n=6). TFELEFHEOEHEIZD
WTHF Y b (DCTUTA T vrA, NAF
v R) ZHWTHEL, &HEH)OHIEMELE
L CHiIE L7z, UVARRSTIC X % ALPUE D21
DOWTIE, KREFOMBANALPIEEZ10L L,
UVA HEST 5 IRE ] 2 O ALPTH D Z2AL 2 AHRHE & L C

L7 — RN X 28 I2OonWTiE, FL
< UVARR &4 585 [ % @ 3UEHE 7% 1 X (Control) @
ALP{EMEA 100 & L C, &KEl oM@ & 521t %
AHXHE T L 72
2.8 #rEstineg

‘BoNiz7— 71, Pl EEFEETRD L
72, B, 2BEMOT— ¥ O E 1L Student’s #-test
WX OREL. FEHBOT— 5 OfFEEZ
Tukey test (ANOVA) 12 X ) Mg L 7.

3. #& R

3.1 SIRC % A\ \ /- EDW DRl ER
SIRC A % Fi V> T EDW O il i 2 DSW & it L
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Fig.1  Comparison of NR uptake rate between DSW vs.
EDW as the irritation test using SIRC (#=8, mean+
SD). Left panel: An asterisk indicates a significant dif-
ference between 50 ug/ml SDS and control (*5<<0.05,
Steel-Dwass test, ANOVA). Right panel: Asterisks in-
dicate significant differences between DSW and EDW
at the concentrations of 20 and 30%, respectively
(*»<0.05, Students #test).; SDS, [1; DSW, [[J; EDW,
|

7okER, Fig 11I/R$ & B ) EDWIEFHMEE2530%
(viv) THNROW Y AARBIIET LAaro7. F
72208 X U°30% (viv) ORIEEEIZBITANRILY A
AEO L TIX, EDWIZDSW & N THE I EE
(p<0.05) 7R L7z

3.2 UVARSHZ &V E LU 3 NHDFOARIRAEICHT T
3 EDW D 1EH

UVAFEEF 12 X 1) A4 U % NHDF O 7 K1k % DSW 7%
W2 L3R IChLro TWAH (LHS,
2017), EDWO/EHIZ 2> TW 72 22 o 72 D TABE
FETHOTHET L7, ZoOf%, EDWIX05-25%
(VIV) 12D T ORI EIC BT, UVARS
(2 & 1) 4 U % NHDF O£ kAL 2 #ill 5 % [ A3 5 5
N7z, HELRMRIHERTE 5hr o7z (Fig 2).

3.3 EDWODALPEREMEICH T 21ER

3.2 CUVAMESFIZ X 1 A L % NHDF @ A Jx ALl
I A3FE D H M 7ZEDW 122\ T, Mg Ak ki
BWTEELREETH L ALPOEMEIIA S 5 1EH
% 22 TR R72E. coli HK O ALPEE % % H v CHeET
L7z, ZOfEE, 05% (viv) ORETH ALPIEE%
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Fig.2  Supplementation effect of EDW on the calcification of

NHDF caused by UVA irradiation (#=6, mean£SD).
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Fig.3  Effect of EDW on ALP activity (#=3, mean£SD). As-

terisks indicate a significant difference between 0.5%
EDW and control (**p<C0.01, Students #-test).

i (p<001) IZHHET A Z &b o 72 (Fig 3).
3.4 UVAERHIC & VWAL 3 NHDFORKAEICH T
3 ALPEEREEHIDIER

ALPIEEHEHTH 2 ETAB L VHAIZ D W T,
UVABESHZ X 0 4 U % NHDF O A IKAL x5 2 1R
IZOWTHE L7, 205, ETAIZ0.001 mM &
V9 B B AT I f%ﬁi JRALHIHIE R (p<
0.05) HSFEO B L7278, %ﬁm YIE JEC X
&ﬁ“at(ﬁg4)-#ﬁ,HA@leMiLLUlmM
L) Bl E CIE 2 OERIERRO 51T, 10mM
O FFAGE B A B A IRALEIHIE R (p<0.05) A5FE
» 57z (Fig.5).
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Fig.4  Supplementation effect of ETA on the calcification of
NHDF caused by UVA irradiation (2=8, mean=£SD).
Asterisks indicate significant differences between the
following groups: 0.001 mM ETA vs. control; 0.01 mM
ETA vs. control; 0.1 mM ETA vs. control (*»<0.05,
Tukey test, ANOVA).
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Fig.5  Supplementation effect of HA on the calcification of
NHDF caused by UVA irradiation (#=8, mean=SD).
An asterisk indicates a significant difference between
10 mM HA and control (*p<0.05, Tukey test, ANO-
VA).

3.5 UVARHHIZ & VWAL 3 NHDFOBKIEICH T
% EDW & ALPERMEREEH OFERERICL S
1EH

UVARR 12 & 1 £ U A NHDF O f JKALIZ R § 5

EDW X ETAB X O'HA & O R B 12 X A2 1EH %

Wat L7z, 2ofER, BTy A B2 AIKILEHIE

H (p<0.05) % 5 L 7257l % £ T & % 0.001 mM O

ETA &, #IZHMTIEAIRILZ #H L 2205 72

05% (v/v) EDW z [[EEEH L7 & 2 A, Fig 617K
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Fig.6  Effect of the using of both EDW and 0.001 mM ETA
on the calcification of NHDF caused by UVA irradia-
tion (2=8, mean=SD). Double asterisks indicate sig-
nificant differences between the following groups:
0.5% EDW+0.001 mM ETA vs. control, 2.5% EDW+
0.001 mM ETA vs. control (**p<<0.01, Tukey test,

ANOVA).
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Fig.7  Effect of the using of both EDW and 1 mM HA on the
calcification of NHDF caused by UVA irradiation (=8,
mean=SD). An asterisk indicates a significant differ-
ence between 0.5% EDW+1 mM HA and control (p<<
0.05, Tukey test, ANOVA). A double asterisk indicates
a significant difference between 2.5% EDW+1 mM HA
and control (**p<C0.01, Tukey test, ANOVA).

TEBYEEL (p<0.01) AIKALINHIVER A FEBLL
7o, FoHMTIIAKILEZEIHEIL 25721 mM &
VO FE i E OHA £ 058 £ UN25% (viv) EDW &
DOFEFHEHCTH A ER (p<0.05) FIKLINHI/EH A
AN/ (Fig 7).
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3.6 ALPOEREMB&ICx T 3 EDW £ ALPE
MREEHIORERIC L 3 ER

Ml AIKILOGE & 7 5 FE Td 5 ALP DEE R
PEH FI2k$ %5 EDW & ETA & O REMERIC L 5 1E
FIZOWTHET L7z, ZOfEE, 22 TH~R/E coli
Hsk D ALPBEZ O i MEIZ R L T25% (v/iv) EDW &
0.001 mM ETA & [7] Bl 1%, 4% 4 B 12 FEx
THERERITEIRO O N h o7 (Fig 8). %
7225% (v/v) EDW & 1mM HA & OB IZ X %
TERIZO W T HMET L7245, ETADWE L FERIZ,

*%
~ 100 [
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Control 000l mM  2.5%(v/v)  0.00lmM ETA
ETA EDW +
2.5% (v/v) EDW
Fig.8  Comparison of suppressive effect on ALP activity be-

tween the following groups: 0.001 mM ETA vs. 2.5%
EDW vs. the using of both 0.001 mM ETA +2.5%
EDW vs. control (#=3, mean=SD). A double asterisk
indicates a significant difference between 2.5% EDW
and control (**»<C0.01, Tukey test, ANOVA).

* %
= 100 |-
S
Q
g
2 15
=
5
<
& 50
<
[}
2
s 25|
Q
~
0
Control 1 mM 2.5% (v/v) 1 mM HA
HA EDW +
2.5% (v/v) EDW
Fig.9  Comparison of suppressive effect on ALP activity be-

tween the following groups: 1 mM HA vs. 2.5% EDW
vs. the using of both 1 mM HA +2.5% EDW vs. con-
trol (=3, mean=SD). A double asterisk indicates a
significant difference between 2.5% EDW and control
(**p<0.01, Tukey test, ANOVA).

KA BRI AR CTHEERIERIGE IR bk
o7z (Fig.9).

3.7 UVAEE & U ZZNHDFDOALPEM ICX 3 3
EDW & & UFALP EMREEFIDEA

UVA B G 7% |2 5IE [ 55 28 L 72 NHDF @ ALP i 14 £
BAE I (p<0.01) L5F L7z (Fig 10). Zhizxi LT
UVA RS CA U 2 FHIKALIC A 3 2 3HIE R A5 5
N 7205% (viv) EDWE X ONALPIE % BH 2 #] @
0.001 mM ETA %1 mM HA o ¥ it /i 1%, NHDF o
ALP{E 1 % BEE 2 (p<<0.01) #0# L 72 A% (Fig. 11),
IS & EECMER LT b ALPIEEIIHIR) H o

3.0
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g
> 20 F
=
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—
< I
13 1.0 l
2
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©
=4
0
No irradiation S hr. later
after UVA irradiation
Fig. 10 Increasing ALP activity of NHDF irradiated by UVA.

A double asterisk indicates a significant difference be-
tween UVA irradiation and no irradiation (=6, mean
+SD, **p<0.01, Students #test).
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Control 0.5% EDM 0.001 mM ETA 1 mM HA

Fig. 11 Supplementation effect of ALP inhibitors on ALP ac-
tivity of NHDF irradiated by UVA. Double asterisks
indicate significant differences between the following
groups (0.5% EDW vs. control; 0.001 mM ETA vs.
control; 1 mM HA vs. control). (n=6, mean+SD, **p<
0.01, Tukey test, ANOVA)
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Fig. 12 Supplementation effect of combined ALP inhibitors
on ALP activity of NHDF irradiated by UVA. Double
asterisks indicate significant differences between the
following groups (0.5% EDW+0.0001 mM ETA vs.
control; 0.5% EDW+1mM HA vs. control). (72=6,
Mean=SD, **p<C0.01, Tukey test, ANOVA)

WTIEAIKAEIIRIBI R TR S L7z &) e AH3E 2 1E
FIZD 5N h - 72 (Fig 12).

4, £ =

RO AIKILIZ BT, BIIRALER ORE R K 550 4
%39 VSMC O ALPIE S TLHET 2 2 0S|I H
Twab (EH, 2010). ZOALPIEMEO T, &
RN TC XL — ML CHEfLLTwH R »
RO YERI AT VRS LTE ) VERIEL, b
Faxs 78 4 bR RS, ERLce Fo
F TN A MIEEORIKALD BRI STTH 5
CLIEFEMOLBY) THDH. FHSIZUVARSHC
L ONHDFIZAHIKIESAE LA 2 &, ZOHIKILICH
L CDSWHHIHIER A AL TWwab I & x /L,
& 512 Z ONHDF O A JRALH G A ALP IR 2370
S 2705, DSWIE 2 OALPIEMED STHEIC A LT D
WHl+ 22 L x2peTRE LA (LHS, 2017).
LM E N SEESIL, UVARSIZEDEL S
NHDF O F Ik LIZ1E, ALPIEEOTTHE LS 2 & A
5, BEAFOALPIEEEEF 2SUVARSIC L D AL
% NHDF & £ KAt ﬂ#éﬁ%‘owf%b%ﬁﬁ
e bz, ZoRIKILE HIH S DSW DT

SeHBEY - A B - ERAS

L CALPFHEMICH T 2 EHIC O L 2 FE. £
ZCAWIZETIX, ALPIEME O HE A UVA BGHIC &
) A= % NHDF O A IRALIZ RT3 582 D TGRS
TAHZEICL BFEOALPIEMEMHER & LT,
BRZ 1L U & L 72AR O A KL oGS
ToH ), ALPOFEHHEH TH HETAS X FALP
DOAFEPUHER & LTSN LIENET I VEETH
HHA (85K, 2016) OHERA 2 H 2% 2 2fH O
ALP{EHHEER % VT, UVARRSHIC X VAL S A
ACICR 3 2 &2 #GT L7z, ZofE%, ETAB X
O'HA O W3 12 & FIKAL & B9 2 18 F 5 ERR &
7z, ETA120.001 mM & W 9 K SEAH 7 B © 4K
ALEIHIWER 25786 5 L7258, FERER 22 R F 13 A
SN drorz. 72HAIZIOmMM & W9 5 E
FET 2T AUTHIRALIIHIE R 23568 L 2 e, UVA
HEGHZ X 0 A4 U % A IKALIZ R 3 2 ALP 314 B 7
AIRALIIHI BRI IR EN TH S 2 L HTRIBE 1
7. —HEDWIZDO W T, AW CTiE L 7205-
25% (viv) D& TOFEREIZBWT, AEZAK
ILIFHER IZA DN o7z, 2D & HUVA
FE &2 & ) A4 U % NHDF @ £ Kb 12 %t 3 % EDW @
MHEIERNE, DI S 2R L T 5 DSW D1
A UHE S, 2017) ICHRTH L 2 Ehbho 7.
Louvet & (2013) (X, & M HVSMC % H \» 72 1 58
T, Mg @) YEEE IS X D E S N Mo
Ak IHEI L7z &G L Twah E£720cab
(2014) 1%, Mg®* ASVSMC D & 3 il fg ~ O iz 2 % #)
HLz L TWaE, TSGR, wind
Mg?" 12 & % VSMC & £ R AL 12 Mg A3 B8 5-§ %
CERRBELIZLDOTH LD, KBFZEICHL
EDW X, DSW & (ZIZFIEEOMgx &AL T\ b
b 2h b 53 (Table 1), AIKALPFIHIR) R 12757
MR OEN7zD1E, EDWIEDSW O & LB T LEL |2
EHBGTR RO ZALIZRR T 2 g s iz, H
B, DSWOAIKALIIHIZD R Z & b Mg
& BLGENTILELCHL L S N A oY HE &@ﬁ%m&
TERDITREED—2 L LTEZ LML, RiFsE%:
L CEDW O A KALEIHIE A IEDSWIZ TS % &
Bbi7z25, EDW QML 3 % FIEEATDSW 12
HARTIFFIRNZ £ 05720 T, & bADOF]
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M % %58 L CH| &% % EDW DM % #kk: L7z, b
RO HEARFFEDO IR B W TEEL 7 2 ALPO
BV B A3 % EDW O 35209 7 V5 ) % #est
L72&2A, 05% (viv) THEMEHEMEM AR S L7z
A, HEKFEHIEH Tl 2o 72 (Fig 3). 2
TAWZEDEDW & ALP & M B EH % [/ e |2 fiE5- L
728 A, ALPOEERIEMEIC 0 L CHAE 2 S0 s
R E Wik RE (Figs. 8,9) T, UVAMSHZ XY
A4 U %A NHDF O fIRALIC K 3 2 F e (p<0.05) #)
TR RAHEFR S 7z (Figs. 6,7). F72UVIREHC X
) 59 2 NHDF @ ALP ¥4 12 & L T (Fig. 10),
EDW % 13 U & ALPI&EPERRE AL, M ALP & M
HAEI (p<0.01) FFIL 7245, s o [FEHE
(2 & BN ALP I 14 0 i 8 S 13 4% 4 B it 5
D EITHARTIIEAEZLIR N o/l &
75 (Figs. 11, 12), S5 OFEERERIC X 5 K%
AR OFH & L CIREATHTH D &
Bbhsz. $to TALPIEMIHIK 213 U, EDW
HHE S B ALPIZ 3 A PR EEH X, UVA R
12 & 1) A= U % NHDF O A RAGI ) L CHIHIR 1) <
boo, ZTOEHIZRENTH 2 & Ebi7:.
RIFFEOAELD S, UVARRSHC X ) 4 % NHDF
DOAIRALIZR LT, ALP I B BR5E 19 2 3150
RICHFEY, WEZAKAEENIZES W &,
Z L CH 4 HCLE B 2 A IR LRI E R 2 A S 72
WEDW EETAB L O'HATH, s Z[EERICfE
M3 A2 EI28D, BB ARG ER A FEE L
722 &5, EDW & ALP - BH 25 41 o [a] B ff ) &
DTN ROFEBAIHRE SNz BT OMFERR
DOE & LT, EDW & ALPIEPEEH 12 & % ALP
EVERIFIRI R ORI 221 TIEFAAEE L v & Bbh /e
(Figs. 8,9,12). fit> CUVAHRSHZ X ) 4 U % NHDF
DFAIKALIZ X3 %5 EDW & ALP {14 [H 55 %) o [] Ry
N & 2 EIRh L, ALPIEPERRECER & 138274 %
HOTFIRET 2 REESHEE SN0 T, 5%
EH 5L, UVAREHC X V) 4 L % NHDF O f KL%
& Z ORI IC O WT, & S IR a2 5
HLTW5.
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