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Cell viability of human fibroblasts cultured with various ratios of calcium
and magnesium and effects of deep seawater supplementation
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Abstract

It has been discussed that the increase in the intake ratio of calcium and magnesium (Ca/Mg ra-
tio) increases the risk of the ischemic heart disease. Though there are some reports on Ca/Mg ratio
concerning the ischemic heart disease in animal experiments, there are few reports of experiments
on cultured cells. Therefore, we investigated the influence of various ratios of Ca/Mg on the cell
viability of cultured fibroblasts at various passage numbers. As a result, cell viability of cultured
fibroblasts at passage number 14 or more significantly decreased with rises in Ca/Mg ratios. Fur-
thermore, it was shown that this phenomenon was related to Ca/Mg ratios and not to rising Ca
concentrations used in this report. Additionally, it was shown that the supplementation of DSW
collected from Izu-Akazawa, Japan which did not change the Ca/Mg ratio, to cells in a state of de-
creased cell viability due to the increased Ca/Mg ratios showed an inhibition against decreasing
their cell viability. Considering these results, it is suggested that the application of DSW will be a
promising approach on health maintenance because the Ca/Mg ratio has been an increasing trend
along with the diversification of the Japanese diet.
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1. #

il

DSW i KBt o &A% L ART 3 2 fli R E
DIROWEKTH 272D TH ), WD 7%
CIEHTH L. FERREBEOHEE TH L1
T P UDBIETE LR VWERETH L 72DICE R
EUEEZRL, N3O MNITE A LCEET S
CERLKBELTVA I EPOERERE L CEH
ENTWAD. AL F TDSW I W o 22 5l <0 fokt
Kip EICFRFEED DD DA% 5T, REEFES
ZEROEEADICH SN T2 (&G, 2000). S5
IZDSWid b + DG BH~OF I LT R
ICHIFE SN B L2 ATH D25, F&edHDSWOD
BIER* Z0E L BN R eIk 724 w0
BHIRTH 5. ERETEF~OFIHIZH72 1), DSWIZ
BEICEINDL I AT NVEHORBIZOWTIIER
35, —#ISHEKREBEKRTIE, 203457 VALK
IR 2 ENDH ), WEKIEEKE D S Nat %
H9 A FWAKIIMEIEED 2D, Cak Mg
DIEAEINT ¥ ADS, WK EFEAKTIESEZE L TWwWd
(B3, 1990). b M OREFIZK T 5 Cal MgD /N7
¥ ADRBEIZOWTI, Karppanen et al. (1978) O
RPFEHTH D, PESIFAFEDHEME N5 CaMg
AT 2 &, BRI L DT A28
FHA 5L R OEFWTZEIC L DS
M L7z oo, EKHROCaMg i &G
TR /I X 2 C ORI EINT, Mg&hf
R MECEBICIAOMMEPIRE STV 5
(Rylander et al, 1991). & 5 1ZKousa et al. (2006) &,
TA4YT Y RO LHIBICBIT AT, Bk
BB L D CHRITHERKFOMg & H = & D
BARL, EIEEOMg % & ORI 8 R
BICEBED) A7 ETFIFAZ EARBEENE
WELCwd, LTIk E 7 v 7B A2MET,
IRIEKRDOTERE LRI CEE R B X O HIZ X 558
U E DBRIZOWTH NI A B2 BRE il %
o725, MgEIAEORZEIZOWTIE, EEIC
HHETLZENLEING L OHEDDH S (Leurs et
al, 2010). bk & By, HFH TSR A
WZAThbI s L) I12ho>TE7 HAET DS Orimo

(1986) 75, CaZs7 7 0 — ABARMEALIE D 1 =
I =5 —ThHrILEWHLNPIILTEBY, HKITIE
JBERR & (2005) 12 & % Mg & B B D W T oM
B7e &, v MERGE LRI AR TR
bW BE R oNs. F-EZBEY % v
78 INF THRAITODNTRIBEEDLD L. T
MBI % Cafti It 9 2 Nk & Mg D22 (Mcel-
roy et al, 1991) %13 U, Sutoo and Akiyama (2001)
IS IMEMREYE S v b % FvTCa & Mg DRk = N5
2 & B O MERIEER 25 L7z, Z2ofR, Ca
U O ME 2 B 8528 MgldfKT S+,
EHIZCaDIEH &2 HEMRAFIZHHIT 5 2 & 23,
HLTWD, HS (2012) &~ X% T ERE
2 & B MgRZHEDB & O CatBHUH: % 321 7 F2Bi &
vy, MgDRZHER X O CafB I 1213 Ui
DERZLNNCI bay ) 7TORENBE SN
EIRRTWE, ZokHiZCaMglto Mxf§ 5
FEF I ZE R B EEROME 135 % < 55,
HARZ RIS 2 BN T D BRI BE§ 2 iFZE 1
FEACRLNR V. 22 TR T, ImEHE
EED ) DPEVE SR TV B RHEF M (B S,
2008) % FH\v>, Ca/Mglb7s b Hi R o0 55 28 #0525
B R IZ T HBIZOWTHAE L. RISHEREDS
18I DA M (AL L2 E2LOND) &
vy, Ca/Mg iR OB RIZAE ) M IEPE DR T 126
TLDSWORNEEFAEL 2. 612, KA 19
Bl O REAESF AL & vV, MRS MK T 3 % Ca/Mg
=228 2 DSWIRMERIZOWT, B oK
K (LA#g, SSW) Zxtie e L Cluikasd L7z T2
NHIZOWTHIET 5.

2. MHAERE

21 RAE

CaCl, (¢, FIJEHEZE), MgCl, - 6H0 CRifk, A
JeAiEE), PBS (=) (CaMgk & L 7%e WaERkY ~
MRiRfEr, MIMRRREN, HOREEE), A — 27 )VMEM
(©, MR, HAK#EIE), 3-(4,5-dimethyl-2-
thiazolyl) -2,5-diphenyl-2H-tetrazolium bromide (4= 1t %%
H, > 57947 A7, DEMTT), M) T r—
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EDTA (2,5 g/L Trypsin: 1 mM EDTA solution, 77 7 A
TAY), FRAFIE GeEAEMgERT, DIAFBS),
DSW (FFZRIR, LA 34°5019”, HAE139°08'11", R
800 m, DHC), SSW (ftTLARiR, dbifi34°50'19”, H#%
139°08'117, %% 0m, DHC), A% a7 vt 4 % b
(CaillZELS-MPR, Mgill%ELS, A ¥ 0y = 71 v 7
)

2.2 fHfad & URCIEEE

b b SRAHESEMI (NBIRGB RCB0222, HLALAAHf
ZEHINA F 1)V — Ak v ¥ —, LI#ENBIRGB) #1
MORAEY v — 1 (990, HRY = &7 14 v 7) 1Hk
ML, a7y MREE THER, M) 7YY
—EDTA % H v CTHll g %2 I8 S & THr L W2
v — L2RICHEIR L, = O8ME % A Tk 3L
& L 7. 7 BNBIRGBO ¥; #% 13, 4 X T37TC,
5%C0, D G TAT \», MG D B 5l e OV Hi 5% 38 1E
10%FBS& A A — 277 )V MEM K5 #1 % Fiv» 7.

2.3 #HRAEMERTE

HOHMLOT Y Ty MIREE T THE S 725
#Y x — L2 ONBIRGB % VTR~ A 7 1
7L — b GEEMEMH, 4 7F) 122x10# U
B X)L, 1HMAR 22T 72, AikEsE
%, FWBRICHE S % FRAG A o 85 GUEHA NS Hy,
200l 7)) IZEBEL TS HICIHBEEEL . B
EROMBEEE, MBNOZ AL F—ApErdH )
SMAaY R TOERFEERTREL LAZMTT
EICE QU S, 2007) 12X )~ A4 2707 L—}h
) —%— (EFNE50, N4 FF v F) ZHWT
ODys70-ODygso Dfifi 2 il 72 L 7.

7 BTG R RIL, UTFoRIZ L ko,

AL TG E5RAF 3R (%)

_ BUHEMR oM o
SRR X DM

2.4 FBSEE DA

ARIFFEIC B\ T— MR O BEFE R AMEFRED 725012
WHE L 72 B FBS DR & M HEBR 3 5 7212, Kb
(RN 2 FBS O i EE 2 4 L 72, 0~10% O

HPHT2% T & ICFBSIRED R 2 B 1 — 7 )V MEME;
AL, 220 #/FI12H# U CTHE L 7-NBIRGB
VTR~ A 7107 L — MI2x10ME, 7K1
%% &)\ ZHRTER, FBSUEREDS 7% 5 Lk DR %
FWV-CIHBE A L7 558 %230 HEIc# LT
BEL, MGEHERARE RO n=38).

e BAMETHWAZFBSHIZEENLCB LT
MgD&EHFREIZOWTIX, ik X5 a7 vt A
* v I (Fujita et al, 2013; Sakamoto et al, 2012) %
Wl L 7.

25 Ca/MgZANNtE & #faEE

220 EICHE U CHE L 2RI EA%10, 12, 14,
198 L 21 RIONBIRGBIZD\WT, ZNZ B
DCailtfED, BBOGAL FOIME OEE (AARE
MrEES#4%, 2006) O#FTH %20, 308 £ 1835 mM
Eh B X IR 72CaClLiii iz, BOBDODCa
BB 2CaMgiR ML B1~4E % 5 & 9 12
MgCl, - 6H,0 % 3 51 L 72 2%FBS & A A — 27 )V MEM
BEdae W ClIHMEZEL /2. 8k, Wik
HFHREZ2IOFFIZHEL TRD - 0=8). &b,
CaCly 3 & U'MgCl, - 6HO V&R % Ml 2 72 % e of B X
LT, ZOYEOMINBIETE% 100% & L Ciftfh I
IZRL L 72,

2.6 DSWiHEIMXR

25D FETH L N RE I, CaMgiito
WK & & B ISR OB T A3 S 1L 2 R R A
18[Hl ONBIRGB % i\ C25D 12 # U Tkl &
T\, £ Ca/MglblZ BT % 05%DSWiR O 2 %
Tz (n=8). S HITAFROFFRMEZWME T 5
7212, WAL EAH319 [0 O NBIRGB % H V> C Ca/Mg
=20 5= 1 TDSW D s NN R % i BE (I i B,
0~04%) & DRBRIZOWTHREL. 1=8). 2D
e R & L Cid, DSWIHUK M8 b oo fE 210 CHR
KENTZSSWE 72 % BARRERIZ BT 5 DSW
B L OSSWORMERE X, i oCaMgltiziZ
EAERE L WEEICREL 7.
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2.7 #EtE

BoNT— 7L, LEIE U TP + EHER
ETRL &b, TYHOFEAEILZ 23T R
N v 7 S E LB RE (Steel-Dwass i %E) % 1T\,

p<005EHELHIE L7
3. & R

3.1 FBSEE D&

A — 7 )V MEME: # |2 i8035 FBS O #i IRl FE %
MRt L 7246 4 % Fig. 11278 L 72, FBSEEZRIN (0%)
C (X NBIRGB O A i 14 1248 &0 T A > 7225, 2%
PLETiEm e llaim s o, 2 oEEIXFBSE
ER0%ICELEFTHEEPRAON 2o 72, 7
BAMFETHW72FBSH @ Cap L Mg &= DllE
M % Table 1IZ/R L7z, T OFREENS, 2%FBSHE
HA =7 IVMEMHIZE TN 5 CaB L Mg DEE
X, FNFN052mMB & 5029 mM & 7 1), Ca/Mg
=179THh o 7.

Table 1. Concentrations of Ca and Mg in the FBS

Concentration
Minerals
mg/100 mL
Calcium 18.78
Magnesium 5.07
0.3

o
to

Cell viability
(ODy7¢-ODgg0)

e
=

0 2 4 6 8 10
Concentration of FBS (%)

Fig. 1. Cell viability of NBIRGB cultured with various con-
centrations of FBS. Cell viability was measured by
MTT assay as described in materials and methods

(n=8, bars mean *SD).

3.2 Ca/MgZhitt & MRS
AT R AL 72 5 NBIRGB I & L C, Ca/Mg i

Hs1~4 %5 &9 \TREE L 722%FBS &/ A — 7
JVMEME: # TRz L 72858, #3100l 5 &
12RO NBIRGB T, CalgfED#iNE & U8 Ca/Mg
IMIIZBE D & 3 8 IR G SRR S 17z (Figs.
2~4). L2 L7205k EA 14, 1948 X U211
DONBIRGB T, CaigfEIZh b 53 Ca/Mgimiitt
DHEKANAE > THIFFEEIZ A EISEKT L (9p<0.05),
Ca/Mg=2 ClIHMPEGE A I ZIZIE S L 72 (Figs. 2~4).
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Fig. 2. Influence of various Ca/Mg ratios in the case of 2 mM
Ca on the cell viability of NB1RGB at various passage
numbers. Cell viability was measured by MTT assay
as described in materials and methods (2=8, bars
mean *SD). -@- 10th passage; JllF, 12nd passage;
=& 14th passage; =@~ 19th passage; W~ 2lst

passage
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Fig. 3. Influence of various Ca/Mg ratios in the case of 3 mM
Ca on the cell viability of NB1RGB at various passage
numbers. Cell viability was measured by MTT assay
as described in materials and methods (2=8, bars
mean *SD). -@- 10th passage; i, 12nd passage;
=& 14th passage; =@~ 19th passage; ¥~ 2lst

passage
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Fig. 4. Influence of various Ca/Mg ratios in the case of

3.5 mM Ca on the cell viability of NBIRGB at various
passage numbers. Cell viability was measured by
MTT assay as described in materials and methods
(=8, bars mean +SD). -@~, 10th passage; i, 12nd
passage; == 14th passage; €= 19th passage; ¥,
21st passage

3.3 DSWiHMMXE

31D#E R B, MR £ A 180 © NBIRGB % H
WC, & CaMgiRM I IZ B1F 5 05%DSW iR b (#¢
RRE) OB OWTHE L7#ER, Ca/Mgifintt
DR E &S ITHINEEEAET 3 5 BRI L C,
Ca/Mg=212 5> T05%DSW D 7 I ASHIHL i 1 o
TEMIET 2R ESBIZ SN (Fig 5). E612%
DR FANLRIMEE RGNS T L 2 EDRB SN
7z. SSW & DT, RN AY01~0.3% O
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Fig. 5. Effect of supplementation of DSW on the cell viabili-

ty of NB1RGB at passage number 18 cultured with
various Ca/Mg ratios in 2 mM Ca. Cell viability was
measured by MTT assay as described in materials
and methods (=8, bars mean =*SD). -@- With
0.5%DSW; =+ Without DSW
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Fig. 6. Effect of supplementation of various concentrations
of DSW and SSW on the cell viability of NBIRGB at
passage number 19 cultured with the ratio of Ca/Mg=
2 in 2mM Ca. Cell viability were measured by MTT
assay as described in materials and methods (#=8,
bars mean =SD). -@-, DSW; =O- SSW

FHIZCBWTDSWO B E a2 R » RS
NT2HS, 04% TIEZFDEREIZHI L7 (Fig 6).

4, £ =

Ca/Mg Fe S MR G M2 MR BE A RT3 5 12
720, WAL FBSOEE Y EZELC, F
3 NBIRGB O B; #5#fEF5 12 A% 7 FBS D f A £ 12D
WA L7z, ZORE, FBSIERE L laiE oM
FR1E 2% DL L o8I B AR ZE O sUBRIA T 12 B w»
THolcilsoMRRsITRR S Hlr s, 2hlllo
BERE 2 AN L CHMBIETEICIZ & A EEFID R S
Lotz TORERNPG, KRWFEIZBITHFBSOHR
MR L2% & L7z, B4 L 7-FBSH @ Ca
B L UMgD &=l %l (Table 1) 7> 5 2%FBSH1 12
HEFIN2CaB L UMgE X ZNZNUMB L O
2/MTHY, THIERVIBETH-72. L7zh-
TARMZETHRME N/zCaB L Mg DSE (F 2
N2~35mM, B & N05~35mM) = EET 5 &,
FBSHIZK?DCab X Mg D 2 3D T/hE VW D
EEZONTZOTFBS S KITTHEIZOWTIEEE
MHALT I LT LT

— MR S L OB SR L0 £ < 1
NEFEGEA SRV, WhYLELHETH L. K
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WFZ212%637 5, NBIRGB %1k U & L T4 bRzl
9 (Caco-2), HFAIAY (Hep-G2) 7 & 4 iAWy
T2 R EN7-6F DR EMAZIZOWT, Ca/Mg
HOMBBEMEIC R TSR LR L. ZO/RR,
NBIRGB @ & 75 Ca/Mg iR ML DGR & b 22 Wil
DMK T 3 2 A% R L7724, ZoftofiiafEo
MG PEIX & EB L 2o 72 (77— 7 £3R).
NBIRGB 37 #F a2 H 3 A EEMETH L. €D
MARF BT T b BMBOBILEEKR L, 2Ok
RLIRIIRRBIEDS D B ML S TR & C R
BT ENFMBENT S (FEF, 1998). AWF7E CTHl
TGO L LB/ NMFEDOI Fay FU T
oW TiE, A (2002) HSHERE % W 72REZE T,
MALOZALIZI M3 > F) 7 OREETICERT 2
ERRTW %, F 7zKrishnan et al (2007) 1&, #A1t
EEBIZI hay FY) 7DNADZE RIS 5 2
EEHE LTS, IS oGy Sl E b
IbI VR T ORBESILICERT 2 L BEbs.
COMBELE 2 b ay FY TEREOBRIZOWT
(&, FHES (2005) ASHHBLOEALIHN 2 T Mg A LA
b EHENICCarBEHELTT R =Y A%7]
ERIFTEHMELTVD, KIZIFPIYFYTOD
HreL Cak OBMRICET 2R IZOVTH S &,
Peterson et al. (1986) %%, #ZAbiZ& & 7% 9 MILA D
CallED FHIE, ZVa— AR 7 Vy 3 Ol
REIZLS>TI PV FY TORBEIRTE KT L
BRTWE, EROEREROT, AKWFZE Tk
ASEL 7% 5 NBIRGB % Hi v CH; b o Ca/Mg N
WA EMBEEOEBICOWTHAE L &R
2%FBSEH A — 7 VMEME: #1122.0~35mM® Ca
IR OHEPTCaMgE A1 ~4 & 7% L9 IZMg % iR
TN L 7255 3 % B v CES 2 L 72 NBIRGB O il i U 14
&, MR ELAT 12 LT D v b W B 5 WL Tk
Ca/Mg iR INILIZBE D & 378 Ml R M & ffE e L 7.
L2 L 228 58k m A 14| DL Eovibw 5 #%A1L
L7zl Wil & 13820, CaMgiiintto
WRIZED o THIITEEDSBHZE IR L2, &b
WINOMBIZBWTE, Calg DB T/ NS v
bobkEbns. oI k)5 NBIRGB DM IE
&, I A CadEEE LD b RRALEI %L & CaMg It

DEBEY L Y)KRELZT D EDRBEINIZ. AiF
Fe CHIFRTEE O RFME: & L CH W2 MTT#EIcH: I,
I ba Y BT OBUKERFREEE ET 5 ik
DTIANF—AFEITHERICHEE L TBY) (A -
Hf, 1990), AWFZETH S M- RIE Lk o s
DIHEIZH D L HIZ, BILIEI I Far F)TD
R TICRET 2 0 Ebn s, LM
TIEI P R 705D 5. Z1iZCa/Mg
ROREZ EOAMSINb L E I N3y F) 7Ok
REZRTH GRERRIGEIE IS SFE ST, FITIE 7R

F=YAZELBDEERONL. ThbbEARNZE
DFEFIL, BV TIIEEED LW CaMglt T
HoThH, BT L EHMMEAMET & % 5 HE
HERELZLDTHLEEZLND.

W2, AR EA % W NBIRGB 1& Ca/Mg L D B K
R OCHIFE MR T35 S L ICEH L, SRR EE
A¥18 6] ® NBIRGB % HI > TDSW O i I ah 4 % # 48
L7z, ZO#E, 05%DSWIHRMIZ L ) Ca/Mg=2D
HiPHCTldd 275, MBLEEOMK T 2 #1325 RA°
RS N7z, DSWHIZIZCaB L O Mg s E 2Ny
10mMB L OS50 mME FN T2 2 Lh 5 (Table
2), 05%DSWH ®Cad & UNMgld 2 2 1#950 uM
BIOWBOMEHEESNS. bV TRY
RIEETHD L5, 05%DSW O RIAA5E
THRELHKCaEEIZBIT A CaMglb I EFE 2
L7z&id# 212 < v RAF (2001) 137K H IS HAAE
T 5% OMEITLEIMHERICH S 2 & 2t L
TWAH DT, KIFZETH S N7-DSWOBRMEIE D
CaMglt D2 X 5 L D TlE7e £, DSWH O
TEEOMEAEHAPEEL TR 5000 Hitz v,
F 72 ARIZE THA L 72 SSW ORMERERICB W TH,
DSW & ZIZ[F LA RDPHEONT WD DT, RER

Table 2. Concentrations of Ca and Mg in DSW of Izu-Aka-
zawa, Japan in 2014

DSW SSwW
Minerals
mg/L
Sodium 10,400 9,860
Potassium 426 320
Calcium 407 309
Magnesium 1,220 1,090




VDIV INVAS &/ SRy VNI b o 0Ll S R i 105

(K O TT R M O EAERIZ K 2 T RENE
WEESTEEZTHL, L2LeNL, TORMK
B7e A5 = XL DFHIZOWTIZSHOBETDH
L. e BAWMTEOMERIL, Ca/Mglbhsts K3 4
2 5 b EOLFEREIZ BT ORF, 2010),
B % HERL S % /N T 2 M o Nl & Ca/Mg
B X UMK EI S ORRO—m %2 _RIE L 72
DTHY, FIRES ORI & L TR
D7\ N ODSWHUKHL A2 5 % bASEIZ BT,
v b OREEEIZB TS DSWHRIH o #Eaex Mg L ~ov
THIETELDDEEZTVED,

R\ EACD R R RS 5 i/ N T 2 Al
WoI hary F)7o51LicmEy, ZhicCa®
TR Mg AR 7% E DV ZER DS INH % & MIfasEIZ &
HEW) TR AREETHE, BRERFO-OIZ
IR OB E T 2 REICEE ST, M
B0 L 72CaMg bl B L TRARIZNT ¥ X
DEVWEFEZ LT D 2 & ORERFEEDIUYD TR S
N72EEZTWD, RO RITEFE IO -S
N OWEB L OB EROERETFBELZVLDOT
HolzZ D, KA Ca/MgLIZHER $ 5 FHIHIC
X9 5 AN = A LW S N MR E KO R
REREO—IE L NTENTH L.
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