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Effects of ENA-A(ENA actimineral resource A) Ion Water on the Achvﬂ?y and Differentiation of
MC3T3-E1 Osteoblastic cell. Ji-Won Lee, Sang-Kyung Jeon, Hyun-Jeong Kim" and In- Seon Lee™. The
Center for Traditional Microorganism Resources Center, Keimyung University 704-701, Korea, "Dept. of Food
Science & Technology, Keimyung University, Daegu 704-701, Koren — Culture of osteoblast is extremely
valuable in analyzing biological features that are specific to bone. ENA-A, ENA actimincral resource
A, is a seaweed origin alkaline water. To investigate the bioactivity of ENA which act on bone metab-
olism, we studied the effects of a ENA on the activity of osteoblast MC3T3-E1 cells. ENA (1, 2, 4%)
dose-dependently increased survival (p<0.05) and alkaline phosphatase activity (p<0.05) on MC3T3-E1
cell. And examined histochemistry and nodule formation according to the time course. To determine
the expression patterns of bone-related proteins during the MC3T3-E1 osteoblast-like cell differ-
entiation by using RT-PCR. This study suggest that ENA may promote the function of osteoblastic

cells and play an important role in bone formation.

Key words — ENA, ostcoblast, bone formation, proliferation, alkaline phosphatase, mineralization
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& %9 2 o Az 3y FAY Ao
2ef A, 8 FYZ FAAS} 9H e, AN v AT
Ao AlFA7} EAE, Axte] gubal §A9) alkaline

phosphatae(ALP)E 7}A) 31 gt} o] &
@714 pHA AN H2 o) &S e AL w3} 435
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ENA-A A2 =H]

£ AFo] AFE3F ENA actimineral resource A (ENA-A)
© 4 o] 2R 249 ¢ Ao (Sepin esculenta)d} F =
F9 sNEF (Phymatolithon calcareum, Lithothamnion cor-
allicides)& FFaho] A2F 202 ()7 %H}0) 0 L o) A

A g ol AL ENA-AS AZFAHE WA A o)e]
We AL sz 4 4& sbel A g, g
1000 ~ 1,100 74} €& 743 & A7+59t o ZAgic)
A F o]25E AT usL oA Yiaia %w"?‘r
T =] water pumpE AFE-s] 48 (>10 ba ar)S 7
T2 o, 4470 B AN F Asde
Ao dhe] oje4E dg

AN

ENA-A 0|28 0|88 ZZME 24y
A 3]

Mouse calvaria osteoblast cell¢] MC3T3-E1 cell& ATCC
(CRL-2593, USA)Z F-¥] Fofibol AL&-stgic) & 6] 1
WS #1313 o-MEM (Gibco BRL, Grand island, N.Y.,
USA)Hi Aol 10% FBS (Gibco)9} 1% antibiotics (Gibco)E 2
7hske] 37°C 9] 5 % CO; w7100 A 239 vheh A chj &
gRqen, BIFEE 98] 5 mM B-glycerol phosphate
(Sigma Chem. Co., St. Louis. Mo., USA)$} 50 mg/mLe]

i
n:
g L
o o
2
r—{m
:10

Vitamin C (Sigma)& ERAE ALgEH L

o, 3Yrith WA & wEaFATH21,27].

EM] e 2FAEY 4 Fxe
Greens[13]¢] Wo] me} 3-(3,4-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide(MTT; Sigma) A]eFe] 1A
T & &5t MIT assay2 S48 Ath HA v 3 cell S
04 % ftrypan blue(Sigma)E Ab&ate] A5d T 1x10°
cells/well2 zAste] 253 thg 2 AEE HE %E 1,
10, 100 € 1,000 ug/mL A 20 pL¥ H7ts &
% COp w710 4] 4847k v F3t 5l o]w) Eﬂiﬁf%
ksl HHX]E 20 pl Hrlste] A8 vl gt
g B MIT A% 5 mg/mLs %2 10 uLE 2 welld
Z47}o}°4 417 o WSt & WA E A ASta PBSE 28] Al
H3) & DMSOZ 100 uL& H7}she] AAE BEA Y for-
mazan AA-E &3)A|A ELISA reader (Spectra MAX 340
pc, Molecular Device, USA)Z 550 nmoﬂ N ERLE 2435
A ALY FHEL AIRY FAEE 2T TR

Yd upes deyod.

Alkaline phosphatase £4-84 &3
F3} wjdE MC3T3-El A EE 1x10° cell/wellz 2A 8}
o 96well plated] EF8t37 4A £ R8Tz o
stef 24X Wi ¥ AlRAEE }%Wr ENA-A o] 248
Zts=E (1,24, 8%)2 gol MEE wjdd 339 5 PBS
2 A3 tg 01 % Triton X100 2 uLA #7ysled 37°C
oA 3087t lysis3tgith. Lysis® cell?) %%Q 5ule @
A Ao Abgstgla, U A A5 Aol 20 uLe 0.IN gly-
cine¥} 10 yL} 100 mM p-nitrophenylphosphate (p-NPP)Z
A7HEE & okl 37°C ol A 3027F v A A T whg & 200 n
L9 01 N NaOH=Z wh$-g A5} 405 nmo| A 355
A8tk ALP activityx p-NPPEXE] 4% p-nitro-
phenol(p-NP)& Z33}o] p-NPo] st EE1H 28 24
T 45E daead JAung Fd mia90
(8,19].

_L

i
=

ALP g9 94 ArE
cells/mL=Z A |3}al o] 245 AR EL
AT WE EA84LS 2489t 94 % alkahne phos—
phatase(AP) kit (Sigma)E AMg3te] 243514t B4, WA
E AASL 3174 H(citrate-acetone-formaldehyde) S H7}5}
o o 3027 ool RBFGII) 4523 FHFE AHIR
t}. &4 % diazonium solution (sodium nitrite : FRV-alakline
: naphthol AS-BI alkaline solution = 1:1:1)& #7}s}o] ¢F 15
BIF ALl WA F F 287 2552 A A 3T hematox-

7 Thl 49 H s2E 2 g

ylin solution®.2 25



= AAG Os dvjgos #3690 tH6940.

Alizarin-Red g2 o3 233 FHE AL

ALP @47} Q57 24 wello] 2FALE 1x10%ells
/mLz 2338 5, w22 2 Asta, PBSE AlH3E 5, 70%
EtOHZ 4T A 147159 1A #th Alizarine red(AR
10 mLe] 2F 46 40 mMo| H4 25 &
H pHE 428 A9t 383k AR solutiono 2 105
GAs T, SHTE 29 *ﬂi% s 14 FAEA g2 ¥
IBSE RAFHA AAGF Fdo] YT w2z ¢
2 2F AAFEA 8r) 402 nodule 84 FEE
<1 }H[20,25,33].
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solution&
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B

wn

my oM M HE

ol
—_

RTPCRYO] 9|3t Z2AE 33 #d 24 44

SR E

Total RNAE ZZHXE 100 ¢ dishol 1x10° cells/mL=
97k wiekst 5 TRI reagent (Molecular Research Center,
Inc)E ARG-8ke] AlzAle] A3l whel 2ejslsich 1)
Avstd W gE MM Hl A= A A3 phosphate buf-
fered saline (PBS, pH7.4) 10 mLE F ¥ A& & TRI re-
agentE A 23t th o] A& 15 mL tubeo] 1 mL¥ Hx
1-bromo-3-chloropropane-g 200 uL #7}ste] 30:£7F vortex
*"}O% g2l (3,000 rpm, 15%, 4C)a}o] A5 Hal A
2 tubeol] £A ). 7)) Tkl isopropanold: # 78]
-20CAA 2417 o) WA Eka VA G 4lE-2](13,000 rpm,
158, 40) 5 A5Ag AAsAh AL 75% o ke
W A7ste] A

& % diethyl pyrocarbonate (DEPC) Z%E]
1 SF5E A7hetd 66T 204 10587 98414 A
%% 593 £ ¥ RNAE spectrophotometers} 1% form-
aldehyde agarose gel A7) %& o) &&}o] Heksia delst
itk #2]H total RNA 2 pgo] superscript I RT200 U, 0.5
g Oﬁgo dT, 0.5 mM ANTPE #7}ste] 42°C o)A 90%7}F |t
FAIZ T 70CAAM 1087 W& 2AXA DNAZE A%
'}Oﬂl:} cDNAT Table 12] primer&& ©]43 PCR o
Z FXHth PCRY whgol= 25 U Taq polymerase
(1akara Ex), 2 mM MgCl,, 0.2 mM dNTPE #7}8le] 24zt
2] primerd] W zyloz AN G

:,

SHANz
Q925he] BARAL SAS program o] &7 HAHEA
#& A A)8te] Duncan’s multiple range teste] ©]&] A| 8.7}
o 493 AolE ARy
o ¢ 1F
ENA-A 0|20 ZZMZ0j CHEH SARE 2HM
ENA actimineral resource A (ENA-A)= & © Ao
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(Sepia esculenta)?} 7 EFY =

5 (Phymatolithon calcar-
eum, Lithothamnion corallicides)& &§s}o] A %3 o424
g olgsr, 1 F71d ZA3 pHE Table 29 2t
ENA-A& pH7L 1250]3, Ca, Na, S, Fe, Mg, Zn, Cu, Co 5
of SHre ¥z oleads & 4 AT
ENA-A o] 249 AR s ko] WE ZFAE 43 n4
< 9¥E MIT assay® H43 Aze= Fg 13 2.
MC3T3-EL cellell ENA-A o] 248 2% Aa3e | dfx
T3 vlaLate] 134% o] S EE B, 1%} 4% A
T 747 115, 132% o) S4&& E%{E}. vk, 8% A7t
988 A% A8 UE o2 s, A7
EHTOH £3252 50~100 ug/mLA FER 2IAEF
@ 2%, 022 s A7 7% 71E eh
o}l Eﬂé}‘}i—‘& H] ENA-A o] 245 134% o)d2] I A ¥
3 2 WA e FRIN 44 fe =
)%)\}\I;}‘

Nﬁm
L
hul
u&
ﬂ.lo
oy r
o o
m&‘ m{

ENA-A 01259 ZZMZ0 (s 27T HY
Alkaline phosphatase(ALP) &484 =4
ZHEEZ 110 cells/wellZ 23 & Bzl x|
ENA-A ©] 242 0.1-100 pg/mLEE = A8t 9U7HA
Table 1. Oligonucleotide primers for RT-PCR
Gene F?egment Oligonucleotides
size (bp)

Alkaline 474 F; 5 -CCAAGADGTACAACACCAACGC3
phosphatase R; 5 -AAATGCTGATGAGGTCCAGGC-3
Ost in 640 F, 5 -GATGAATCTGACGAATCTCAC-3

sieoponin R; 5 -CTGCTTAATCCTCACTAACACS3

Type I 17 E 5 -CACACTGGTAAGTGGGGCAAGACCG3

collagen R; 5 -GGATTGTGITGTTTCAGGGTTCGGG-3

. F; 5 -TGAGAACGGGAAGCTTGTCA-3

GAPDH o R; 5 -GGAAGGCCATGCCAGTGA-3

Table 2. Composition of ENA actimineral resource A

Ingredient Contents
Fe 0.239 mg/100g
Ca 92,871 mg/100g
Zn 0.094 mg/100g
Mg 0.142 mg/100g
Na 1.411 mg/100g
K 0.273 mg/100g
Cu 0.011 mg/100g
Mn 0.008 mg/100g
I 0.001345 mg/100g
s* 0.363 mg/100g
Co 0.004 mg/100g
pH 12.5
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160 ¢
140 +

Cell viability %>
(o3
(=)

Vehicle 1 2 4 8

(%) ENA

Fig. 1. Effect of ENA-A ion water on the proliferation of
MC3T3-E1 cells by the MIT assay, MC3T3-E1 cells
were cultured with vehicles and 1, 2, 4, 8% various
concentrations of ENA-A ion water for 48 hr. Data
were expressed as a percentage of control. p<0.05
compared with control.

djFstHA ALP 824 48 Z2Asd T 1 23 Fig. 29
A5k 2o ENAA ol£4 4% 29 A9 dzwd v
188% 712 ALP &40] fEEqow, 7 9] 2%} 8% &
dlME ZtzZ} 150, 138% o]4¢] £3 f =5 Wehiith
(p<0.05). ©]3= Ca, Mg 50| ALP &48A4d Ee Q3 1)
e Ealje) vias) & o, ENA-A o] 5o Zo] g
grol &1 g ALPY] &Aoo cofactorz 243l Mg, Co
59 §#50] 516] ENA-A 0] 847} 8 ALP 23} §E
Sol 982 vAn Az,

ZZAE W Al vitamin C9} B-glycerol phosphate] 3
e ALPSL AZS)7129) H3lsd 9L wAta @
7 3o}, Vitamin C= MC3T3-E1 A 3o A Type I collagen
WS A2 A g A E 7] E A collagen 7 F ol
© HEA] e, ASA oA ALPY &4 & FEdth
283 B-glycerol phosphate vitamin Cof] )3} 45 a7

2507
.. 200+
2
2 150t
b
8 100t
a.
I
< 50t
0
Vehicle  VItC+B-GP vitC+B-GP vitC+B3-GP vitC+B-GP

+1 +2 +4 +8 (%) ENA

Fig. 2. Effect of ENA-A ion water on the alkaline phosphatase
activities of the MC3T3-E1 osteoblastic cells during the
differentiation. Cells were cultured in 96 well plates
with 50 pg/mL of vitamin C and 10 mM of B-glycerol
phosphate.

wold, B3lg 2FA XA collagen ZH oL} ALP &
TE oS Z/AZY Bags JoH10]. B3 dEe
9] 99% A %7} hydroxyapatite®] e|2 F72 ] &4
o 2743 9248 FAdE 724 7152 23 U0
oleld Aol AT TAFE VMY EAS FAS
=g "45AolH10]. wks I A Eo| vitamin Co} B
-glycerol phosphate® %718+ H8hu Ao ENA-A o] &4 3
7H 1% A9 o2 AeTolA ALP L3 s
B, 53 4% HrkrelA 7 2 ALP 0]

[e] Pl
g4 ¢ g Atk

oXx. il

2

off

ALP gAo) 93t ZFAE B4

AZATY ALP 549 HES S50 AZO A2
(Burstone®) 2.2 ZHESISt}l. &, Naphthol AS-BI phos-
phate 71 d-& AU &A= ALPE 40| o) 7Heial &
o] orthophosphate$} naphthole] fr=A2 F8 %L, fr
% naphthol & §+&-do] FFf-5 o] = diazonium FH =
A dFste} AZO dyeE P43 R M 54 B4 74
E JehA fo

ENA-A 0|&4E 1,2, 4, 8% & 52 A7lstd 947t
Hj e oy AEUl ALP 549 H4
A3} Fig. 3(A)9} Zo] NS E HsA &

=

o) 527k gol A G W, o858 12, 4% A
A TN Th He wgol wol ARen, 53] ¥
TER @) F7HE S FAT F AT 2@ 8% A2
FoAE ta 7asE 2L B9tk geby ENA-A o]
&E ZZAZY ALP £42848 f2FS G448 59
gstsin

A
[25,33]. WA Ajzte] @ F7)A3 3435 S alizarin red
3} . 91A] ENA-A o] 4%
Ay AR7F Qa2

RT-PCRY 9 &g x4

A wrde] Wl
ZEFAE B3lo] #dd 272 FA4 LY HE =
E RI-PCR & #7958t &390} Fig. 4+ MC313-E1
AL 9YU7F wiekel whE E3elAe] mRNA B FE HE
Wl Aoz, alkaline phosphatase, type 1 collagen, osteo-
pontin®] Wae] thzte v =4 LAHIUT. Alkaline
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ALP

AR-S

ENA O 1

2 4 8 {%)

Fig. 3. Effect of ENA-A ion water on the alkaline phosphatase of extracellular matrix by MC3T3-E1 cells. Cells were cultured
with o-MEM containing 10% FBS, 50 ug/mL ascorbic acid, and 10 mM B-glycerol phosphate.
(A)Phase contrast micrographs(x10) were taken by ALP staining after 9 day, respectively. (B)Stained images by scanning.
ALP;Alkaline phosphatase staining, AR-S;Alizarin Red staining (Degree of calcification through dye deposition)
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0 1 2 4 8  (%)ENA
Fig. 4. The expression of Alkaline phosphatase (ALP), Osteopontin
(OPN) and Type 2 collagen mRNA levels treat with ENA-A

ion water during differentiation of MC3T3-E1 osteoblastic
cells.

A GERst e,

phosphate® 7}4=#-8fst 42202 PO, ¥2& 74
s M3ee 2ikA) 988 sl Ao HuETH16).
ALP7} 23A 27} FRste Aggtel #olds AAlete B
2 B 3Eo] itk Torii[37] & antisense RNAE 0] £-519]
ALP7E zEAlxe] A3 ste] #efdle AL dSeiTh
Weiss[38] % liver/bone/kidney type ALP §-4 48] M3
34 ﬁrﬂgi 3} ;qo]/\}gJ__ ]H Jazzl /HQ@HL{% =
_Lo}S{iE} Fukayama$} Tashjian{12]> ALP7} 9% X EAL
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%, ALP &4 &7} 2 23AE Rl A3 dAls
o] dled, 2IAEL Rl #¥d /2 {FH7%
Alkaline phosphatase, Type 1I collagen, osteopontiné] %3
S Z/INZE @ g STk wEkA A8 Qo] (Sepia escu-
lenta)o} 5 F% 9 d|2F (Phymatolithon calcareum, Litho-
thamnion corallioides)& Z§8le] A 23 dZa o242
ENA actimineral resource A (ENA-A)& & &4 74 %
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