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BSAAIEKIT Caco-2 ZHEE EFNHETE
TS5 Bl TG T4 B9 22 Mg

RMae™* HAXI wats B A R
CHFT RS BUIRIE22 : Sh40 9 FHTR% SO MBS0 %, B 310029)

BE AKEOEFFRASTFRIEHELESHUROKSTHEEREHN, KoFRENEKER 4
ZAAEMFRR., R T BABARAKRAKEAH A, HvA Caco-2 afIEfAER, Kt T LA B
432 DMEM 3 R0 st sa o K fe ik B BB E Mg vl ATR R B F: LABEEMAK O M
F% 4 (170 nuclear magnetic resonance, 7O NMR)¥ 5@ % L%, BIKT Ky FHE&E;, A ss
3 49 DMEM # JRig3E 5% Caco-2 IR R T mie A K, RS T @B HAREENE, 2RAN S
A T EARK T4, itmint Kb,

X i) CRSWER

WK, Koy FREGM SRR TN 44
BHARTE IR 2 —. KA RELLH,0 85 FRAAF
76, M HE /Ky Fld g as & e RrKs T+
Ak &5 M) (water cluster), IXYE#R R TE BXTTF /K H)
PR R HAE 2 RO B R R0, R A A
RN, KU FRERTEAFTEH S5 RN, K
FITHO 25 46 Rz B AR A W T A2 K 40 F bt
FORAEYNEYE, Ko FRRR SR Ge =4 2 A9
=25 VACE

MAAE -MUSWAREME. . B,
B BERIOREERR B AT, 19 R AR
JEEAPARE BN . 1989 4, Nakamura S5 5 RK
MESAFAARAE B R, HIEGE TS AT
B, AR, CREESUSRAIA TGS . Matsuoka 4R
H, WA EREKISFEEEDIRE, HKRBIE
MR RE 3G90 . & ARSI F CE A TR
) Millicell JE AR 15 77 L5 A ML A B2 41 i ECV304 Bk
EREFEMTIE, RS A PRERAS 5 40 M B e Al
HOT, KBS AFME DNA &, R
ECV304 458, (H 2% HAE AL ZE A R IR
18 .

Caco-2 4l ffu(the human colon carcinoma cell line)
RABINEFRHIN b B E MR, RIET NG
JEAM, BT Caco-2 MMTLFFERI LM FRIAR
AT EREFE IR R R B RS, HEEY. B
BB TN RERIE KB ERAE S5 /N bRz 41 B 2R,

KA Caco-2; AMHEAEK; BIEBERES

W N T R IE R N L B A 2
s MR & IR T . B K A Caco-2 4 ff 55
FERERY,  BRAST HAA AL B KON 4 AR KRB M R
BiE PRI, 7K 7 BRSO B A 2 RO
FULL B BT A 0 200 M 2 ) R R ) 7 P 2 43t

1 MRE5ERA%E
1.1 ##

HAAANSE N ROBRERSA, 8%
85% L b s R T (%): SiO, 46.03,
AlLO, 16.71, B,0,10.24, FeO 0.92, Fe,0, 18.24,
TiO, 0.45, Na,O 1.12, K,0 0.06, MgO 2.28,
CaO 3.95.

Caco-2 41 il 8 E B} B AE 2 5 4 e A=
YRR .

DMEM B379(& 4500 mg/L #4785, 584 mg/L
HEMNE, 110 mg/L WEIRRYY, 3.7 g/L kIR E4H,
100 U/ml FH K. 100 ug/ml 555 2) . BaF 105 W
H Gibco BRL A", —HEFH(DMSO). MTT #
H Sigma A#], HFM. BRI E Corning 2 &)
1.2 VO #%¥## £ #x(70 nuclear magnetic resonance,
70 NMR)# R B S A3 ESKEAZEE N
1.2.1 #4848 AFxH%RMK 70 NMR ¥ 48 7F 69 %
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") HU 100 ml Z&18/K, 50N 0.5, 1. 2,
5. 10 g 5 f1, 10 min J5id3E, B LEBNE
70 NMR ¥ & IE% . 7O NMR £ & 18 % T Bruker
DMX 500 BYAZ RGP 384 LIS, 70 # Itk
% 67.786 MHz.
1.2.2 &3t E A K 70 NMR F & 18 7 49 %
) HU 100 ml Z&187K, A2 g ®SHA, T35,
10, 20. 60. 120, 720 min BUFEIEE, HY L3
W E 17T O NMR 718 55
123 AMAKZEE G LAIEEHE TR 70 NMR
FEta T E H{ 100 ml 487K, MO 2 g H
A7, 10 min [EIEPE,  _LVE WBUBCE AN [ ) JE
£ H 70 NMR g% .
1.3 FRIREBESALIE DMEM 1535 X 4 i
e 30k A

I DMEM 58, 730N 0.5% 1%+ 2%
M, 4 °C. 30 min /5 Millipore 0.22 um J& &
T, B EER

O B K Caco-2 41, WHALERIFIE—E
1) DMEM 788, THEUS RBEAMIRE N 1 X
10° A~ /ml, HFE| 96 FLAI MUk FRIR S+, FL 200
ule 24 h 5 B IR, H AN R B s S b 2R
() DMEM #5353 F1 10% fifi4Fi&, 37 C. 5%CO,
HFRARAR LS 14 K, WINRE 3 REH L KBS A
L) DMEM B:F230A0 10% JR4-1MiE . SRIGHER
[E] (5 SR, SR MTT Eb (o350 52 40 By oo,
FIMK3 2! B B AR A 22)7E A=570 nm ZbHll & W 6
B .
1.4 ZHREmR I EEEREE N E

0 o e 1 9 BRIV 1 1Y E 2 HE He UMY
e BEEEE 6 FLEFRIR P MAME Tk, 4
i FH UK HBSS SRR, SR 5 F 4 i &) ) iz i )
B4 B2 ¥ 0.5 mol/L Tris-HCl ZE¢H¥ ' (pH 7.0). 4
MO 228 75 M R (TY 92-2D R 75 8 40 B R BRI, T3
T MBI R ARA A )RR, TR
PRSP I 2 o AR RR X A B 2R R (Sigma A A,
N4645) A B SR Y) o B ST SN 2 T 40 e
T4 2 1 B0 4 ATl I o) i 35 2 R Ok A 3
Py (IR IR Ao St i R TS F ) SR ¢ i
By bR 23y boik . Al A A R 2 A & BRI
% Lowry Z 2R LT .
1.5 FitFLIE

%R0 3 8] SR E I EL R 7 26 4 i e B e/

BEWELALSD), 4RUx + s FBow. WHETF
K HSAS(6.12) fr)— it & P 4% 2 (general linear mod-
els procedure) #1703,

2 #R
2.1 BEEAMEIE/AKTO NMR # 52589500
AT 2 AT, AR B S A A B 7R T

KIGE VO NMR ¥ @B R %E . BHAARELE 0%~
2% WTEER, BEBRSARERNIEMN, YO0 NMR
PR SRR B AREL 2%~10% FIEH]
W, BEESARBRIEN, 70 NMR &g
AAE, HE 3R, AR EIZE 0~10 min 75 H
N, BEFERERE N, 70 NMR &8 % 2R AR
%5 AFEEEZE 10~720 min RIFEREAN, BEERE
FIE N, 7O NMR ¥ &R AL, R4 10 min
Y B4R BT

b “
a 1 I i L 1 1 I I 1 n 1
500 400 300 200 100 0 -100 -200 -300 -400 -500
(Hz)

B1 ARIKEBESALENFIBKYYO NMR FHif
Blfa, by cy d.e. f 5100 ml HBAKFHHMAO. 0.5,
1.2.5.10 g®@5 A, LENAEI10 min.
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20

0 i 1 ! L )
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E2 FRIREERSAXZEIEKT0 NMR $ BRI
100 ml Z&MAKBHMA 0. 0.5, 1. 2. 5. 10 g KA, 4
WA 10 min.
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E3 4EEHEXTEIBK "0 NMR (SRS
100 ml ZB/KFMA2 g H5F, AHEEfFO0. 5. 10, 20, 60.
120, 720 min.
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L
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ff 8] (h)
B4 FEKZBESALIEFHEAERIE"0 NMR ¥ 51E
EHIMT
100 ml ZEMKP AN 2 g B854, 10 min Joidig, HiEmmcE 24,
48. 72. 96. 120 h.

HT THRESAXKAEIEEFE "0 NMR ¥ 5
B SE AL R R, BATTISE T R K S S oA A
P 5 TBCE A FNHAE] 70 NMR ¥ SR sm i, &R
KILE 4), 208K E B AL 10 min JFIRE 120
h PI B TR B TR] B ZE 4 70 NMIR 2f i I 58 i A5 188
m, {BRH7ESS Hz LUF, KK FRABSAL
R /K (110 Hz).
2.2 AREHRERSALE DMEM &35 & X 418
e R

&5 E7r, Caco-2 41fifE DMEM+10% ff4-IfiL
TEEE R SR 24 h 5, R RIRE AR L
i) DMEM +10% f5 4 S 35579, %F Caco-2 4
MUK RMTERE A £ 7. 5 DMEM iRl
KA A AR FRALABRAEL, AR R
FEH1.0% fM2.0%, EF 7. 10, 13 RHEER
HET MM AE K (P<0.05); B GAEREHN 0.5%,
7ES 10, 13 RIWEERH T AR EK(P<0.05).
2.3 FREREBRSALIE DMEM 1555 &% 40 A

1 4 7 10 13
HIRETRI(CK)

5 AELREBESAHLIE DMEM 3R R4 a9 800
HRE R —H BN F AR E X5 EE(P<0.05),

550 -
500
450
400
350
300 |
250
200
150 +
100
50 : - - :

1 4 7 10 13

BRI (CK)

E6 FREREBSALIEDMEM B35 %3 4 R 1L 5 BLfE
b

HIXHESE (%)

W ELER R 2 I

H& 6 7T W, it DMEM 3025 S A
SLER, A R B T T 1 47 o R 5 B 1) (0 184 i
e, BAARE TRMESREEY, MERSA
YERIRT R 3, Rt RR B AN I, B8
FAZLN.. 5 DMEM $5720 K A 8500 A B R R 1L
HREARLL, AR RBEEE R 1.0% 1 2.0% £ 37 1L
PR E B BR B TE EAE 7. 10, 13 RIFE B
(P<0.05); HAAHKER0.5%, 7E5 10, 13
R¥JBERSE T 4 Mt SRR BEVE P (P<0.05) .

3 itig
R IR R TIUK S & E T, RAUO
NMR 2 718 5 BT LA 2 B H 90 7K 1A 48 0 0 - 50 4
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XPRAN, BT, HEEX, EgBE, Ak
BN ARSI R I LS A (281K 70 NMR 5
MR SE AR A, UGB B AA AT K AR RS AR R, PR
TS FEHEE. BETFOFE FZHEUOF HH
REHLBE . T ERE ST B U B SR B
HIAFAE, HBURRELT B KR ik 7. B
A HLAR AR L A L AR M EE R, FEHR
2R E A+ UMK TS A AFAE 107~10* Vim ()51
SRUSTY A A L £ X UK ) 4 R R T P A Y
W, {CHIBIERT, KoFRAERRE, ERH
OH , EAFEIEMSF H,0* fl H,O,, ffiKksaTH
BNGR S EEYE, AR E RS RE ) Y5808,
AR RS, B KM=t —Er %
Wi DRIA KR — MR 27, Sy IR SV TR U £
B PR AR 7K 43 F (R AFAE () FR AR AR AR BLAE @), 4b
Ine3g n] LA K 4 FRERI B A S BB A R, TR
KAy TV, MR BME K 2> TR AR /N E 0,
B, BHARARKFEK 4~14 pm, KHFE
7£0.92 UL EHRLLANG: AA RS HELA AN S
KSR, "R F RIS DI, Ko
F AR OO,

TSR, B K 43 F R B R /N T LU KR A
VR IE R R SR, WK FRER R
B, AIROIKKAEYEEL R, $IRAEYIRIBTR
G ThRE, KB SHEVAENLRERIZCR : 11
FRIKBE NI, TRk 40 B BT PR, 1G58
A )y, REAEFCNRIE, M EamRE
TCHLPU B B 25 FIPT b M B 1 i T4 1 SR KF O
NMR = &0& % i1 115.36 Hz [£K%) 99.15 Hz. Fik
56 P AR X BB B AR T B OROK 4 A B B A
. AeEMT, R EG AR T 4 R FRA
4y 4R 12.5% 1 7.5%. Pouliquen ZC2RIE, 5
BAD FEEWKD FRERNRKAEZNE, [E
SEESPIDSELE: & Sk KR e iR Py e 'S
k.

sl P B R 2 /N v AV Bh T BT R B O, 1%
R TA MR, FEEPER LEARJIEC)H
SURG S, 55 40 M P T Ak B b R 4 it 7

s A EI R AN AL A2, IEC RIS S B &
IEC M WREEH K MR E B, IEC /Y
AL RSCRI B R RE T ERAR Y. ASER R, B
A A3 DMEM B 37955 7% Caco-2 4 {2 it T 44
MK, IR T AR ERERE T, M L Al
IYACRE IG5, AT AT AEALARTE Ak TR ORI BT 4 T
REfE ., R T OELSA TR I IR AR T 1 A R A
Fo G EHFOKHBE BAATERE) Millicell JE
B IR L5 NI P % 408 ECV304 BX G5 3R 0 1%,
MILE AR MfE SR, AR E k%
HFE PR (PCNA)ZRIE = 77 [ 2 B B/ faskont I
WA R R —E MR ER, EReEEE ECV304
gfrhsE. BTeEEENLRERIAMKRA
B oR o M LA, DRI eSO SER G A0 i B AR )
PR IEAE F L8R R B i Sl FLUEB B p B R S A . AR
K045 W B AR AT K T AR e AR s e, R4
BT EASCA O A AR R RO, (E R TR A AR A
IAE R HLEIE 1S 3 — R AT
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Effects of Tourmaline-treated-water on the Growth and the Activity of
Alkaline Phosphatase of Caco-2 Cell

Mei-Sheng Xia*, Cai-Hong Hu, Hong-Mei Zhang, Li Xiong, Zi-Rong Xu
(College of Animal Science, Zhejiang University; The Key Laboratory of Molecular Animal Nutrition,
Ministry of Education, Hangzhou 310029, China)

Abstract Water molecules form an infinite hydrogen-bonded network with localized and structured
clustering. The structural change of water clusters may play an important role in physiological processes of life. In
this study, structural change of water clusters of distilled water induced by polar crystal tourmaline was observed
and caco-2 cells were used to investigate the effects of tourmaline-treated-Dulbecco’s Modified Eagle Medium
(DMEM) on the cell growth and the activity of alkaline phosphatase. The results showed that tourmaline reduced
7O-nuclear magnetic resonance (1’0 NMR) full width at halfmaximum intensity (FWHM) for distilled water and the
volume of clusters of water molecules. The growth of cell was promoted and the activity of alkaline phosphatase
was improved when tourmaline-treated-DMEM was used to incubate the cell. The results indicated the structural
change of water clusters induced by tourmaline accounted much for promoted growth and differentiation of the cell
observed in this study.

Key words tourmaline; water clusters; Caco-2 cell; cell growth; alkaline phosphatase
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