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Deep seawater suppresses the calcification of normal human fibroblasts induced
by the increase in the Ca/Mg ratio
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Abstract

We have previously reported in this journal that the increase of Ca/Mg ratio causes a decrease
in cell viability of cultured normal human fibroblasts (NB1 cells), especially in aged cells. In this
report, the effect of aging of cells and an increase of Ca/Mg ratio on calcification was investigat-
ed. As a result, it was shown that the calcification in NB1 cells was promoted by the increase of
Ca/Mg ratio. Furthermore, the calcification advanced significantly with cell aging. Even in these
cases, however, it was revealed that the calcification in cells was inhibited by the addition of deep
seawater collected at the station of Izu-Akazawa, Japan. Considering these results, the application
of deep seawater can be regarded as a promising approach to avoid the calcification of cells, be-
cause Ca/Mg ratio has been on the rise with the westernization of the contemporary Japanese
diet.
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TR EICHHT 2125720, DSWICEFIZEE
NHIATNVHEHIIERLZ BmoLBy, Hwike
FEKTIZ I A T VAR E 2B VDD 5. KL
BEARLD dNaZLETHH, LVEERAAE L
T, WARPICEEICEENLMgEKTZIUIED
K & BEKIZ BT 5 Ca b MgDIFAEINT » A (LLfA,
CaMgtt) OFH:E (B3, 1990) (ZBLBRASRR- 7z,
Z O Ca/Mg 3B 5-4 % EE 53-8 T O F A 78 T
X, B 5 EHLS LB Ca/Mg L o 88N AHS i Os
RABICLAETY A7 % EH SH 5 L) Karp-
panen et al. (1978) DFHEDILL LN T WD, &5
|Z0rimo (1986) 1%, I LEEDERFTH L H)
RIEALD A = T —% — % LT, Cadt A MK
Z7EFE L CTHE U A BRERALRE A K %%%ﬁbfw
Z DEREBHAEA KA DA BB 2SR S 1257 S 1S
D, e &b ﬁﬁ#iﬂTéTWﬁU7%Z
7 7% —% (L&, ALP) OEH DO HIKILIZ
KRELEETLZENDP>TETHD GIEDS
2008). 4 H TIEIN S DOWFFERH % MREMIZE &
D7z (Lee, 2011) dd ), HREALAA IR R
(ZBE9 A B R MAIEHET HIZE STV D,
—hf ek, v b EZE R OMGHES MR A & 8
SN7ZNBIAINE & AV 72028 T, Ca/Mg o B finAs
RSB L L - NBUMB O Mla G 2 3 L IRTF &
5L, HHTIZZOERETIZEWTDSW DR
AHRE O T 2369 % & & & 3 CICARRE TR
HL7ZZ (LHS, 2015). € D% O B o A
THDEZ, TR =Y APAKILICES L, 8
BIIRFE L OMHRZ DSHIRLN/NRE, B2 5 {IE3
NI Y RYTHANOCILE IR E 5 L v ) iR
(2010) DT, & 512 1& Peterson et al (1986) Dz
& FH S AAE ZE R PN 00 Ca & AS NG L2 B W B4 %
&) s e OB - AL (2005) O BpARTEAL O T
BHlCMg A5 L Twd b)) ESEEEET 5 &,
NB1HHE O AL & Ca/Mg L OBEINZ AL 5 il AKX
fLIZR L CMg 2 % &9 UKD RS IIFES 1L 5.
AT, R (2012) 1d e b Rz H SR aAME S e % H
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NaCl (F5#%, FISGAEZE),
CaCl, (Ffik, FIOEHEZE), MeCl, -
#MiF), PBS (—) (Ca, Mg% &H L aWERY » ik
MR, MR N, HAKRZE), 1 —27 )VMEM
Gl B %5 38 W, H K B %), 3-(4,5-dimethyl-2-thi-
azolyl) -2,5-diphenyl-2H-tetrazolium bromide (4= 1t %~
M, T 57747 A7, DEMIT), b7 r-
EDTA (25 g/L Trypsin: 1 mM EDTA solution, + 7 <
47 A7), FMEfF1{E (Biological Industries Ltd.,

KCl (FF#k, ADEAZE),
6H,0 (Ffik, FE

PLFAFBS), DSW (ff & RIR, db#E34°50'197, HHE
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K ORI # 1L 10%FBS & A 1 — 7 )V MEM$; #b % H
Wiz,

2.3 ARIEERUHAEE

MR K37, 9, 11 L N 18I ONBIAH L % & &
BeAg s v — L2 O NBLAME 2 FH VT 96X~ 1 7
o7 L — b (BEEMEE, 1 7F%) 122x10'#, %
1275 E IR L (Z 0B e Enehn
8,10, 12X V192 E L 72), 2H B ORIk ERE, v
F O IMEH O Calit % 28 L CHlla BB &S # o
AR L 72, MER LD b3 TIZE WV CalR
IZFEE SN TV B 10%FBS & A 1 — 7 )V MEM (Ca,
3.7 mM; Mg, 0.9 mM; 35 H AL sl 32 K OSFBS O 43 Hr #
MHEM) 1L, 50ul KELTHMRLTHNLZ &
(2L 72, A EF il R o Caf il BE DS #7212
29mM & 7% % X 9 1210 mM Ca#fl 24 @ CaCl /K %
40yl KON A 72, PIZCa/Mg e D FH#£ 12 1310 mM
Mg+ 24 D MgCl, + 6HO0 KA % 20 £ 721340 ul /7%
TN (20 uL /RO, K20 ul /K % B0
L7:%, CakU'Mg#% & % % \WPBS (—) %50 ul.”
FORIL T, wABRISHERAKZ 20wl 7ML T4
w200ul, R E L TEMARBLL, 2Bk
o DCale Mg i B 1X, £ 1< 1Ca/Mg=1
TCa:Mg=29mM:29mMTad ), Ca/Mg=2TIZ,
Ca:Mg=29mM:145mMTH 5. TNHLOREM%
IV Cl6ReIBE#E L 728, Bz LT L <
50 L/ X OPBS (=) % Jn 2 T2 ¥ & L 72 1%,
50Ul ROE XY 7 —VEGRML, K&ET, 3045
e L CNBLMI & e L7z, BEER A5/ — )b
2B LT, 50 ul R OAFEIKT2IpEE L 72728
Vo L7z, Welth, RIKAbGf S v b OBRIEEE I
UCa# L7282t 2 50 ul /X9 2L, 304
WIS T OBl L Ceft L7z, Jefbfs, Jefbil
PR LT v MY B OB & ARG v~
DFAEEFICHE U CTHE L, 50ul/ K3 DM
L ORI SN R ERE L ThREAL
72, IO OFAMETCalk BT FERICY L S
7296 7L — N BRTHO GBS E % B
5 (2009) O FFFEZHE L T10% (viv) NFH T
Yy y=warul) F—KMPRGER>FAEL, 2

D % 50 ul, /I DL, 37C 1Rz %
i L 721, 570 nm (2 BT B WEEE (LL#, ODsp)
ZHELCHIKALEE L =8). 725, L
OMFLIE AR OWUEHR L LT, ko e
i S 9IS HES L CB W 72968 7 L — N ONBLA
falzowTid, MTT#EICHE (LHH S, 2007) 124D
A0 TV — M) —=F— (ETIN0, NAF T
K) % VT ODgr-ODgss Dl % HI5E L 72 (n=38).
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DSWiiCak ) b Mg EEIZHE T LICHFHRL,
DSW I & % Ml A IKAL BRI R 2 #ERR 5 2 L 1S
L7z, REBRICH7--Cld, Bk LTurR~A
rua7L— bEHW, Ca/Mg=20 5 Tl 7
Ja A TRAL DS B & 72 A 111 £5 18 1] 0 NB1 A e % 1.2
X10°E, A% B & O 4B L 72 (2 OBk Tk
R EiE1910]) . DSW O A K AL E I &) 12 D v T
X, 4R~A 7 VTV — N fiH§ 570 es
% 2.3 IRALFE K OSHE R P D 5 5 9> 200 ul /R >
51,000 ul KOG R & o 72720, B HAL O
KB D TRTCHMERE L L2IE30E, 23081
W CHEBZIT o7, L2t TR TIE23D
T DO REELIK20 @ RO D I A DD
DSW /K& % 100 uL /RO SFEEZ AL T L
72, T BILEIR & L CIZDSWHUK S O T
KL72SSWZ w7z, EHICARREEICB W THIK
{LIMHIZD R & 583 L T\ 5 DSWH O 4 % 18585
5729002, AIRALEIHIRIRIC BV TSSW & 0 F =
HIERD 5 72 DSW ORI B2 51 % Na, K, Mg )t
NCaift £ % NaCl, KCI, MgCl, - 6H,0 }% UFCaCl, 4% 7K
B CHTE L, 230 HFEOREHK20 ul KOMK D
DIZ100ul, ROSFEEEZHRIML TH I AT VD
JRACIZ G- 2 BB A AT L 72, 7 BRI L&) F
(X, 23D FENHE U CHIKILE 2 HlE L CHlE L
72 (n=4).
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ML, 240 FICHE L CTREEE T 72, SOICHE
2 FRAL I %D Fe 3580 & AL 72 DSW AN JEE v 12



4 WA - $5RIEZ - BPATERE - SeH I - 4 H Tk

Concentration of various mineral elements contained
in DSW and SSW of Izu-Akazawa. Asterisk indi-
cates a significant difference between DSW vs. SSW
(p<0.05, Student's £ test).

Concentration (mM)

Table 1.

Mineral element

DSW SSW
Na 441.3%129 394.6+33.7
K 96=*1.1 85+0.8
Mg 509 +0.9* 450*15
Ca 9.5+0.7 85+0.7

GEINDLEELIATIVTH DM KU CaD 2
DWTHENT 572012, DSWH OB IZHNL T 5
DO MgCl, - 6H;0 &% UFCaCl, % i L (Table 1), NBI
BB O ALPIEMEIC S5 2 2 A TE L 7. #BR
T R, A REAMRE ML A B JE L TH0ul X OPBS
(=) TNBIMifg Z 23S L7z, 26 DRIZ10%
(v/v) Triton X-100% 4 PBS (=) % 0.1 mL/ /X3 D
ML C37C CTIHEMIA v FaR—T a3 vy %{7To 7/
%, IS ONBUME O & A & LT
ALPIEMEF v P2 HWTHIEL, 1840 oL
LTHEELZ n=4). F7252, LikD24041E
(ZHE ARG T 2 e L CALPIG RO 2L %2 %
217
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BoNT— 71, LIS U TFHE £ EHERF
ETRL B, TSHOFEEZ, ZHHO
FEECEITHRERZ, F-L2ELEOFEER
Tukey 12 & ) Z L E kg L7z,
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8,10, 12 & UM 19 [l DAL D NB1MAE 12 D T,
Rbrp o Ca/Mg =1 212 BT % HIKALE % Fig. 1
WZRT. CORMPL LD L), WTNOMKR
H#ONBLMZIZ BT, CaMgltoiEh Mgz
OIA) AKX E HE (p<001) IREL . S
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SHTEAL T AR S N7z, 7 B Ca/Mg LA
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Fig. 1. Influence of Ca/Mg ratios to the calcification in NB1

cells with cell aging, in the case of 2 mM Ca. Calcifica-

tion was measured by the calcium stain assay kit. (n=

8, Mean+SD, **»<0.01) I, Ca/Mg=1; [ ], Ca/Mg=2

ET] $k sk
0.15 ’ ’
3 e
a
< oo f
o
e
z
= 005 r ﬂ
K]
3 m
©
&)
. ]
8 10 12 19
Passage Number
Fig. 2. Influence of Ca/Mg ratios on the cell viability of NB1

cells with cell aging, in the case of 2 mM Ca. Cell via-
bility was measured by MTT assay as described in
materials and methods. (#=8, Mean=SD, **p<C0.01)
M, Ca/Mg=1; ], Ca/Mg=2

V81O NBLAHAL 12 1% Ca/Mg L O BEDNZIFIS L 721K
TRRSN o728, #AEEA 10E 2L O NBL
HMifETlE, CaMg b DIEIAE - THIFD TG PEIE 36
L7 (Fig.2).

3.2 DSWHINXE

AR 8] £ A3 19 [0l O NBLAH R % H V> C, Ca/Mg=2
DEMTTDSW A BN L 72354 OAIKILIZS5- 2 %
PR MR L oRE R, Fig 312/R T & 9 ICDSW I ik
NN BE \ARAE L 72 B IRALHI IR R 358 & 1,
2% (viv) DL B ORI CH & 7 A KA LH I ah 5
wan L7z —F, WEBNETHLSSWIZH FELIC
AIRALERI R LS N7z, BAERBE p<
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Fig.3.  Comparison of DSW and SSW in the inhibitory effect
to the calcification in 19th passage NB1 cells cultured
with the medium composed to Ca/Mg=2. Calcification
was measured by the calcium stain assay kit (=8,
Mean=SD). Asterisk indicates a significant difference
between the following groups: 2% DSW vs. control;
3% DSW vs. control; 3% SSW vs. control (p<<0.05,
Tukey's test, ANOVA); 3% DSW vs. 3% SSW (p<0.01,
Student’s # test). @, DSW; O, SSW
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Fig. 4. Supplemental effect of various minerals included in

2% DSW to the calcification on 19th passage NB1
cells cultured with the medium composed to Ca/Mg=
2. Calcification was measured by the calcium stain as-
say kit (n=4, Mean+SD). Two asterisks indicate a sig-
nificant difference between the following groups:
DSW vs. No addition; Mg vs. No addition (p<<0.01,
Student’s # test). Single asterisk indicates a significant
difference between DSW and Mg (p<<0.05, Student's ¢
test) .

0.05) 2SI L 728 IIREED3% (viv) ThH o7z ik
MEED3% (viv) 12815 5 A IRALIIHIR R 2 DSW
S OVSSW H] TS L 7248 2K, DSWIZSSW 2 T
ARIZAIRKALIHIS RSB Z b o7z (p<
0.01). KIZHIKALIPHIRIRIZ B TSSW & OF E 2
%R L72DSWH O HIRALIHI R T 2 BT 5 720

(2, A EZRAIRICIHEIRD R S50 5 722% (viv)
DSW H 12 aiﬂ%i?&iﬁ 7 )T % Na, K, Ca,
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ALP activity of 20th passage NB1 cells in the case of
Ca/Mg=1 and 2. ALP activity was measured by mar-
keted ALP assay kit (n=4, Mean£SD). Asterisk indi-
cates a significant difference between Ca/Mg=1 and 2
(p<0.05, Student's ¢ test) .

Fig. 5.

Mg D £ HH L& (R L 72K = v ChRIKE
PHIsh 2 A L 72458, Fig 412”77 &£ 9 12Na, K
Je O CalZ T AIRALIHIR R T ECRRO SN Lo

W2 L, Mgl BH 3 % a PR L PR &) SR A3 2
7z (p<001). L& L *ﬁi%Mg@iﬁ‘dEfJDf‘
X, DSWHR L 72 A IKALEIHI R R 1E KX 7 22 o
72 (p<0.05).

3.3 ALPEM

AR %A% 20 (1] O NB1AHAZ 2 F VT, Ca/MgHas
MBEAN O ALPTEMEIC G 2 BB Ak Lz 25,
Ca/Mg L DI PE M BZ N © ALPIE M I3 A 2 12
(p<0.05) & L7 (Fig. 5). ALP{GEE2S BS54
Ca/Mg=2D 5N T TDSW % #EEE L LT2% (viv)
I L 72 NBLMIAE O ALPIGPEIZ D W TR A L 724G
., DSWIZIZFHZE 7 ALPIGHE O TR R A0 5
n7: (Fig 6). 512, MOAKLIZEET 5
DSW DO FE I 4 5 )V Td 5 MgA ALPIEEIC 5 2
B REIZOWT, 2% (viv) DSW H OAH M % 3%
52 L CH A L7245 8, DSW A O"Mg®D W3 112 b
ALPIEEOMHI RS BO SN LA LA
Mg O HARZRIN T, DSW AR L 72 43 KA L0 4
2WE KX % 2o 72 (Fig. 6).
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Fig. 6. Supplemental effect of various minerals included in

DSW to the ALP activity on 20th passage NB1 cells
cultured with the medium composed to Ca/Mg=2.
ALP activity was measured by marketed ALP assay
kit (n=4, Mean*SD). Two asterisks indicate a signifi-
cant difference between DSW vs. No addition (p<<0.01,
Student’s ¢ test). Asterisk indicates a significant dif-
ference between Mg vs. No addition (»<<0.05, Stu-
dent’s ¢ test) .

4. # =

AWEFE TIEEFliE: #rh @ Calg E DS A KA IZ K &
<E%¢étﬁbﬂt®ﬁ,i?%ﬂ¢®ﬁﬁﬁ
RRE L7, BEREICH o CIEEZLZ E ol
HHOCalgE (2-3mM) 2% 12 L7, 4 HNBL
ML ORI TV B10% (viv) FBSEH A — 7
)V MEM 5 #1 0 Ca i F£ 13.3.7 mM (Mg i £ 13.0.9 mM)
Thbh, Rz MO RREXEZ TV, F
722 DB OREFIZ B\ T10 mM Catfl24 CaCl, K A T
%210 mM Mg #H 24 MgCl, - 6H,0 K & i S O"DSW % 1&
Uil 4 D 3 4 T IVIKERZ RN L CEHlis % 2 &
ER L, AR CIRFFME o N—-R LR D
10% (v/v) FBS& A 4 — 7 )VMEM¥s b % ¢~ CT D
RERX A BWT50 ul, K GEE OARICHR) & H
WhHZ LIl T A — 7OV MEME: # o
TI/REND LT HRERT DAEAREINZ D

THIRBIEE O F AR & SN2, REEM O R 7=y
MTH516E M TIE, Fig 2123 X 9 (kR %

738 MO NB1 Tl& Ca/Mg L 122272 5 3 G R 1
MFFS Nz, L2 LadoREEs L) £v10
[ Ll EDONBLIZ DWW T, Ca/Mg=1D5&MET Tl
ML E X MERS S L7228, Ca/Mg =2 TIL Ak AR a1 %K

SeHHER - A H Tk

DOHENMZAE - THIBLIGPEAME T 3 2 @I 25520 5
2. IhboBRIE, FRBXIZBWTHEBh O
CalEENH—TH V), FRERTOEBEIZOWN
THHELRDNLLFA—DOFMETHLZ L2, Caf
Mgt (Mgt ED L) 12X 2B THHLEEbN
72 72 BARWIZEIC B 2 ERMEE H o o> Ca B 13

23 Tk HET29mMICEE L, CaMg= 14T

21T T B DT, CaMg=1DRERX T,
Ca:Mg=29mM:29mM, Ca/Mg=2" ik 5% [X T I
Ca:Mg=29mM:145mM & Mg D& % 288 X472
DAL, NBLIZK§ % 543850 T HFBS L OV — 7
JWMEM DR [ —FfF i b £ H 12 LT, W]
AE72 BR Y CaMglb D ZALIZPE ) NB1 oM E & A
IRACHERE DZEB) % ARG Y HERE L 15 2 SABRR DR E
W2E L7z Fig LR L7z & 9 ICNBUHBR o £ K
1bAs, B EEOBWEIMIAE > TEORED L %
D, Bz TCaMglbohn (Mg DHA) 23HIKAL
OMEEZAEZIC LA S/ RIE, Fig 210K L7
A B oMM & AEEOR T2 E 2 5 &,
B S (2010) ASEEEE T H AR & B v 72 P28 Tk
RTWEAKIEIZHEAIT L THIRO 7R b — 2 2934
LhEWH)BREFHMLTBY, NBLMAL T &1L
R Ca/Mg b DIENNZPED 7R b — 2 A0SHife D HIK
b2 FHET L REMEAVRIE S 7z, T 7R R m 5t
10[EDELL TW W& EbN A NBIMIEIZ B W T
b CaMg bt o (Mg =D A) BAIKALZR L 72
ZliE, WM B AR ORI B
F 2 AIRIGIZ LT, FEEZ 20 5§ Ca/Mg o
WMASSEET A2 WEEEELREL2bDOLEZ SN,
SHESRLNENLELEEbNS. B, CaMg
RoEmpsmEOEEMEICRE 2 EELE5E2 L2
ESHTIERAMDOFERFIETH LA, REFZEOREE 2
5, MLV TIEH LB MgERAEIZ L 5 Ca/
Mgt OB O A IKAL %35 < B & 7% 5 T 5
PEATRIE S 7z,

— 7, CaMg=2THIKALDMEHE S N 725D
NB1AAZ 1k} LT, DSW K UNSSW % iR+ % 2 &
V2 &0 AR BEARAE I\ IR AL 2 B 5 & T 28
57275, DSW & SSW DR FAZ D TN E A
2% (viv) LT TlE& 4 AIKALEDIXH D XK &
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CHFMICAREIEON TRV, ZORIKILE
DIXHO &1L, MIEEFITEIENIAETET 205 2
DEEHEADSW R SSW Ik 3 2 b e L TREL
TVLORBHNZ V. ZOHIZOWTIdE bR
JEHHNE 2 v 720k 98 © ALPE P & Ml A KA LAR B AS
M2 Ew) s s0T (BRS, 2009, 2
NEBZICALPTERE OB B L 5B LR
L e E E BN b, RIZ3% (viv) D
TRINERE 2 BVTDSW & SSW O O F 2054 T
72BH % Z T 572012, Table 1 TDSW 2 OFSSW
HOEEIATIVERRZ B L 72, DSW & SSW
MTEEIATVOEARIZHEEE (p<0.05) %72
DDHDIIMg 7T TH B NS, 3% (viv) TR
BV TDSW & SSW A 7 72 A1 KA L3 &h 5 % 7R
L7ZERE S Mg TH A 9 L#EE SN/, 22T
DSW H O Mg % #)%, Na, K% U Ca DA FH4FHD I
I AT IVOKERZREL, DSWH OFIERE
IZADETRML TH X A 7 VI o F KA
MR OWTHRAE L 72, ZO#EE, Na, KK U Caif
MK, ARALFRIR R SNk h oz
73, Mg iR MIXAZ & BHE 2 A IRALENHI R R AR 5
N7z, ZOERNPL HDSWRSSWIZ L6 N7 ATk
ALINHIRD B D AE B 53 23 Mg T d 5 W FEPEATRIE S
N7z — I SSW IR R BEK DB & 521 TR
SNGVD, KR OR R & 7% o 72 EARR O
BEICBWTOMWAKPIZEENS I 4T IVEIZSSW
L0 SDSWD 3% W EIaI A 51 % (Table 1),
L 7228 o THIRALEHIZ) R 12 3 v TSSW & DSW O
MICEREPZD SN I AT VEERDER|Z
L2b0LHEIN, FICMgREIKE RER L
bz, L LA 5HDSWH & [EEE IR L
7= Mg IR INIX O 5hF 1, DSWRMIX O%hH 12 1%
BXehro7-2 bxEzbE, CaMg=21281F5%
NBLMAE O A IKALIZ %3 2 DSWRIIZ B 5 Ak
{LIIHIIFAS, MgHAIZ L > TR L TWDE LD
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