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Enhancing effects of the soup stock prepared with drinking deep seawater by using seaweed
and dried bonito on the taste and the expression of tight junction-related protein i vitro
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Abstract

The characteristics of the soup stock made from seaweed and dried bonito prepared with drink-
able deep seawater (DSW water) were compared with those prepared with tap water (Tap water)
and natural mineral water (NM water). As a result, there was remarkable difference of the taste
among the three kinds of soup stocks although there were little differences of the pH value and
turbidity. As a reason why the taste of the soup stock prepared with DSW was the best one in this
study, it was suggested that the characteristics of the tastes of the soup stocks were determined
by the concentrations of sodium (Na) and potassium (K) included in the water. Furthermore, the
soup stock made from seaweed and dried bonito prepared with DSW water accelerated the expres-
sion of tight junction (TJ) -related protein “Occludin (OCLN) " using an intestinal epithelial model
by Caco-2 cells. However, the soup stock prepared with Tap water showed much weaker effect on
the expression of OCLN. Because the soup stock made from dried bonito only showed the most re-
markable accelerating effect on the expression of OCLN, it was suggested that the accelerating ef-
fect of the soup stock made from seaweed and dried bonito prepared with DSW water on the ex-
pression of OCLN was caused by substances in the soup stock made from dried bonito only pre-
pared with DSW water.

From these results, it was elucidated that the soup stock made from seaweed and dried bonito
prepared with DSW showed not only good taste but also accelerating effect on the expression of
TJ-related protein.
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ZLOBRBUZHNSNLKA, HEND7EL O
B L TR S B a2 RIZT I EPEH AL
HMENTWD, ZHICHET AR e s LT
(&, RO & 72 L OR B OBRE A L 723AR S
(2007), %5 (2008), BLUE 5 (2009) % @ Hiis A
HoH. DPETIIKOWEZ, KILFIZEINS
By s (L, Ca) mEX T AT 7 A (DU,
Mg) DKM % EECam 12314 (mg/L) LTHKTZ
LIl o Twd RS, 2007). KO L LT
HiiicEm s bCat Mg TH A%, EERANTIIE
WIZHEILL Tl 2 ik L <msnhTtnw s GrI,
1994). F7-FEAK E HEKTIZZN S OEEERIL
RICKELHEDPRONLZE LMD EBY) TH
% (3, 1990). Bk & IZR22HME AT 5
IKOFNEH & L TEHHAIZA - THAE O K4 T il
FERIE K (DIF:, DSW) UK S A LK) Ick b,
ZDHDSW & Fii & L 7o 488 i i foRb Ak 3 B s &
NTEHHLELMET AHIZES TW DD (HA,
2006), FELKTH I BT 2 BEK 2R & 5 #OBE
KEDBEAIRET TIZ, DSWEEOHKEKE LT
DF HVEZ ZBIRIHGEE L T2 OFEHICB T A1E
WO REE 2 ER T 5 Z LS EELREEEZZ ON
A, TRBARWMEODSW &1L, —#12200 mLLUED S
BUKEN MWK TH Y, Ea~OFAIH#E & Sh
DEME LTI, TOHEEBL SR IA TV
DEFRVPET LN L (FEH - &, 2006). M5
WZIENT A RHE, HETHHEERMITORLTY
B, TOHTYbAENEEN MMV EZEF L, £
DHREFEFEFIBEIC20HREORE LN H 5 (FiG
2006). F 7-DSW & k25 & 3 2 fRpHKICEE 3 4 &
R, RSB OMRICE L T, BEIC80HE M2

LWENH DL (UARS, 2018) 25, ZhbDIiFL A
SRR D I 4 7V EEER S 72ELT
AL B 23K S AU BIORLK e — o T TR R AT A 12
AL THONZZHRATHY), IFTVHRED KR
FE CTIEAFRYLS b ST & S A3 72 Wl R g G
VRO & TSR L 72 OB RIZ DOV T
PRI RZA SNV, 2 2 TRIFFR T,
DSW water & Fl\W T RAR & D BHI Y Fid S iHE L
THONL—EHFLZLOFEE, BEMRICET 22
BER s L LT, ESROMEILRINE R 5 & RS
BEmPURRAMRE 2 SICHICBEEINTwE 2 &
5, WhBHNEMFENDLHED/N) THEE (B4
5, 2017) 12 H L, & M 2SA B % Caco-25 E
(DA%, Caco-2ffifg) % H\V T L7V % /8
L, 2 bERo—FZL2RML THBENY 7H
REDFEAMETH L TIEE Y » /37 O BT DI
EEHBLOTIHRIUC KT HETRAET L L
Hige L7z, BB E LT, BAERETSH
D, 2O—HFEIZBWTZ LHFARICRIIHAS
TV A EEIKTH % KEK (LLfk, Tap water) B &
Tl oy PARPVAYFF 2T VI AT
74 —%— (LI, NM water) % i%5E L7z, Z O
RIZOWTARIRUZTHET 5.

2. MHAERE

21 —FEZLOREH
ZLOHRBIZH 2> T, JIIES (2011) ©F
FExsEZICL, ZLREICHT 2 EZMEE V5
KEIZHLT1% (wv) & Lz HIEHRofH
R G K (DL f%, DSW water ; DHC ifi: ¥ 78 J& 7K,
T4 =T AFT—)200mLEMHHAKE L TE—H—
(200mL%) 2B L, Zhic2gnRA (W HLE
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i, WE) 2R AL TEIR T30 MERE L 721%I12,
i AGE BT ALK AY80T IS FIE L 72 B i C RAT
FEREL, TS Bl o#E L FICAKICH LT
2gDpOBHIDE ok AT TR L
TVF) WML TE SRz KT, 8Tk b
T L7z S8CICHERELIZF v F X —
K= ()= FANVY =7 v F o FTR=IS— S, F
V) CHEBLTEONLZ LY —FLZLE L TR
WAL L 72, e BILESRER & LT, Tap water CRITHR
EIX) B L ONM water (F§ 7 )V 7 ADKRIKIK, H >~
MU =) EHWTIHEBRICEBIEL T—HFZ L 2L
720 BBV ITNOMBEIKIZOWTE ZOEEE 3
v, fFon/z—F72ZL n=3) TLEIZS L THE
®EIOAF—L, DEROFHMmIZE L 72,

B, R L 723oMEUKFIZE E NS
I AT NVERENK O % Table 112777

Table1 Concentrations of contained minerals in three kinds
of test water

Mineral element Tap water NM water DSW water
Na (mg/dL) 12 04-1.0 48-6.1
K (mg/dL) 20 0.1-0.5 0.2-0.4
Ca (mg/dL) 21 0.6-15 0.2-0.3
Mg (mg/dL) 05 0.1-0.3 0.5-1.0
Hardness (mg/L) ab. 68 ab. 30 ab. 32

Indicated data of DSW water and NM water are the results analyzed
by the manufacturers.

Minerals of Tap water in Minato-ku, Tokyo, was analyzed by the
Tokyo metropolitan water works bureau.

2.2 3EOHBKTRHEL —F7 LOERETME

AT —AFarey bPHLNZ2EN5
62 D FK18% (154, K3%) OKRF ¥ 747
E =% —IZDSW water, NM water 3 & (F Tap water T
R L —FZLE2HMKL T 5w, @i, &0,
9 EMK, BE, WS OS5HHE T S EReEHE 2 1T o
720 BBWRATETE=ZY —OFBINFHLE L, &
EERESHE L TREFAOLE I TELEA A
THRETHEHIZL 7.

2.3 DSW water CiES L =—&F L D{LErI4E
L30)d:5d
DSW water T 5 N 72— 72 L OFEIZ OV T,

481 (H #1), pH (Docu-pH"* meter, Sartrius), & &
(ODsgso, I 2253 6 EERTU-2800, H 37 8AERT) % %
L7z, F2—FXLHPo0FEEI ATV (Na K, Ca,
Mg) DA id, ICPFELI a2 & (SPS7800, H
UNATIHA LY A) BT 72, B
KHE & OpH, BEEE ({7 A B i 72 2 15 COM-1600, -
W) BLXUOFEI ATV FERICHIE L. &
B2 O EREFHM OSSR, Tap water & NM water O
ISR AR b N7 2o 72O T HEST I X Tap
water D& & L, SBRLLIZ O FFifi TIZDSW water &
Tap water D 2TEDO LK TITH Z LIZ L7

24 DSW water CEASI L 7=—F/£Z LD S £
REERL 73 LER T

Bonz—FLZLO) TREER GO EH &%
BT L7202, 218 OBETIHAT-> TRLNZ—
ERZLEE—-LTCT I VEREBOIEIC L 5167
HOT I S % — A N H AR R K
W72 eBA Y VERIZOWTIEEERA s o~
N7S 74— (L&, HPLC) 12X B20HTI2B VT,
MHBRA LT E 22 2 0B O LOHELE SN0
T, HilS (2007) O NFEEZEIZLT, Lihos
— L 725B 2 5300 mL & IEFEICER D, = NRL —
& — (45C, JT) TiHE L721%, 1EREIZ100 mL (2
D X IHBEKCTRE L2 0% A 7 ¥ VERHT
MEEE L, — At BN B AR R 12 54T %2 4K
L7z, e BHEIEE L CTap water 22 55 541
7e—FFIZLIZOWT S BRI L TOtr iEE %
FRELL, — AR H AR B AR (2T A AKE L
7z.

25 DSW water CEAB L -FED L LHFBEL
BEEFIOTIEESZ >IN BOREFREIC
RIZTRE

DSW water & fitid/k & LT, BAi7ZL (hoBHI

DHEiE VR WT L DANE, 21EI O #IEICHE L T

BT, POBHIDEZL (BRAitHWEWS

VAN, 21HIOBMEICHE LTI L 7)) oHMo

ZLBLU21HOBIEICHE D TR L -—FZL

ZRHEVE & L7z, 215 ORI R % Caco-2 4T
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Table 2 Primer list for ¢PCR of T]J-related protein genes

Gene name Oligonucleotide sequence Reference
CLDN3 Forward (5—3) CACGCGAGAAGAAGTACACG Brandner, . M, and Schulzke, . D. (2015)
randaner, J. VL., an C. e, J. L.

Reverse (5—3) GTAGTCCTTGCGGTCGTAGC s RS
Forward (5—3) GGCTGCTTTGCTGCAACTGTC

CLDN4 Tokés et al. (2005
Reverse (5—3) GAGCCGTGGCACCTTACACG olcés et al. (2005)
Forward (5—3") ATGGCTGCCTTTTGTTTCAT

OCLN Brandner, J. M., and Schulzke, J. D. (2015
Reverse (5—3) ATGCCCAGGATAGCACTCAC randner, J. M. and Schulzke, J. . (2015)
Forward (5—3) CTCCTGGATTTGGATTTGGA

70-1 Brandner, J. M., and Schulzke, J. D. (2015
Reverse (5—3) CTGTCCTTCAGCTGGTCCTC randner, J. M., and Schulzke, J. D. (2015)

(RCB0988, BLRf /N A o+ 1) v — AWt v 7 —) &5
#y v — L (K, 2lem y—€74 vy —1
ALY T AT 4y 7)I23xX10ME/ ¥ v —LIZk b
LR L, 035% 7 v a— A (B, FItHE
3), 1%MEMIELZET I/ BRIEH (F /7914 7 A
7) BIF1% =) - AMLT YA T VR
W(FHIATAZ) ZERTLHEI)ICHEL -
10% 7 < Ji& 17 1 # (Biollogical Industries) & A&
DMEM (H 7k # 38) 54 (DL 1%, & 27V 3 — A
DMEM) 7 H iaiss# (37C, 5%C0O,, Z DIz 21H]
B scd) U CIER L 25 BB 7OV B L
72 (D'Souza et al, 2006). = #L1ZDSW water % it &tk
ELTHRONZZHOELE210% (vv) 1275 &
AT L 7o GRS & it L CSRER R AR L 7
2, WL F v b (SuperPrep Cell Lysis & RT Kit for
qPCR, HEH) 2 Vv CTcDNA Z /8 L, TIR9E %
vy ELTra—5 1 >~ (LL#, CLDN) 3,
CLDN4#{Z ¥ B X OF 7 v 7«1 >~ (LL#, OCLN)
BIET 5 WNCEITTE S 87 B E L Czonulat 7
VT4 o1 (BiE, Z01) @z F& INn5ITmAT,
NTEMEH R (2 F- T d A GAPDH O 5§ BIZS 8 % T T
% b (THUNDERBIRD SYBR qPCR Mix, H#5) %
AW TEEPCRIEZ T, SHHGER I3 581
AR T O mRNAAR K SEBUR B % LB Cr k12 & 1) i
L7, BEREPCRICHVWIZEEZTOTIA
~ — DIEFEACY % Table 21278 .

2.6 DSW water CEABI L -BEDZ LA TIICEK
Fan-7

2O K TR L 72—F L LTI ~NDHE %

FARL 72012, 26 TIHRODKELEETHRIAOE

AR SNTIME Y >~ /87 BOCLN 2 f5 k8 & |
T, %R olE LT TFIVIZ258TH V72 BA
720, 2OBHINEIZ LOK A BB LIO—FZL
AR E LT, SIS OFHEEED 10%  (viv)
EHEIND LI ENENFRL2E 7 VI — R
DMEM (2 38# L C 65 [ 3FilisE 22 (37T, 5%C0,) %
frofz, ¥idth, Hix R L CTlmLOPBS (-)
(HKBIE) CIMPEHF ATV, ImLOH A Y/ —
W GRIESRMR, FDGMSE) 2 EWTRIET (-20T)
T304 M EE L Cllle 2 Eowe L7z BEky v—
Lipb Ay ) — )& L7z, 1mL®0.5%Triton
X-100& A PBS (=) 2RI L T To4 M #E L
7z, WIZ05%Triton X-1005 A PBS (—) L7
#%, 1mLOPBS (—) T3MEPEHE%, PBS (—) TI10
R A R L 72 % F UL (Vector Laboratories) T
Caco2Mifin % 71 v F > ZALEE (R, 3047 MH) L
7o WEZRT Ty F 2 7R B LTl mLOPBS
(=) TH#E L7221, 05%Triton X-100% A PBS (—)
T200f5 1AL 727 H FHERDOHLOCLNE / 7 1
F— WHUK (Abcam) % RIN L CTHEE (4C) NT
—MEE L 72, —BRERER Y v — L &ZPBS(-) T
T4 8% L, 05%Triton X-100% A PBS (—) T500
AR L 72 FH YL ¥ FIgGPik (3B
£, Invitrogen) % @i L CE i, WBEHTC 1R &
L7z, PBS (=) T¥i L CHOGHHMEE (Model
BX51TF, 4 1) ¥ 73 A) % v @i L 72 (Brandner
etal,2015).

2.7 #Etnrg
FEBE T — 71X FIYME + MR ETH L, Steel-
Dwass |2 & % 2 EEHNT B X O8Student's #-test 12 & 5
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Fig.1  Comparison of the whole taste of soup stocks pre-
pared with three kinds of test water by sensory eval-
uation on five properties including umami-taste. Soup
stocks were made from both of seaweed and dried bo-
nito. Significant differences were observed on soup
stocks prepared with the following test water groups;
Tap water vs. DSW water, NM water vs. DSW water.
The soup stock prepared with DSW water had the
best taste among the three of them. On the other
hand, there was little difference between NM water
and Tap water (»=18, mean*SD, *p<{0.05, Steel-
Dwass test, ANOVA).
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22O THETIHT o 2B, &, ) TR R
WS OSHHE IS A HERFME=5 —7 ¥ 7 — b
DOfER, BEFHHTHEIK & L TDSW water DFF 5L
WHE (p<005) |2 & 5 72 A%, tap water & NM
water D |2 13 A EAZITEDO SN e h o7z (Fig 1).
¥ 72DSW water & tap water ® [lL#:Tlid, 55HH D 9
L, ®), BBIUOWIICAEEEIIRREO NS
Mol ) FMRICE L TIRAEEE (p<0.05) 2532
O b7 (Fig 2).
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Fig.2  Comparison of the umami-taste of the three kinds of
soup stocks. The soup stock prepared with DSW wa-
ter showed the best umami-taste among those on the
evaluation of its taste. (=18, mean+SD, *$<0.05,

Steel-Dwass test, ANOVA).

Table 3 Characteristics of two kinds of the soup stocks pre-
pared with Tap water and DSW water

Observation Tap water DSW water
Appearance Bulff clear liquid Bulff clear liquid
pH (20C) 5.70 +0.02 550 = 0.02*
Turbidity (ODgg) 0.017 £0.003 0.026 = 0.005
Minerals (mg/100 mL)

Na 35.36£0.72 62.78 £0.97**
K 22.14£354 63.62+2.01**
Ca 1.75£0.16 0.96 =0.02
Mg 2.03=0.05 1.95+0.04

In all of the observations for soup stocks prepared with two kinds of
test water, pH value and contents of Na and K showed significant dif-
ferences between DSW water and Tap water (=3, mean *SD,
*p<0.05, **p<0.01, Student's #-test) .

Table 4 Comparison of two kinds of the soup stocks on the

concentrations of the umami-related substances

Concentration (mg/100 g)

Umami-related substance

Tap water DSW water
Glutamic acid 19 20
Aspartic acid 6 7
Histidine 26 26
Inosinic acid 9 10

3ICRY. AW TEIF - BEEE Y, pHIE,
W) 12 BT, KM IEpH A EIZ (p<
005 FE L. SHICI AT VEhAE, HFlcNak
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KOGHEEIZBWTHEE ZEY (p<0.01) 252D 5
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248D ITET, 2HOMBEKE VTR L 72—
FE LD F RNV THH L7kE 8, B
TRRELLEE LTt LISz ) A, 7y
TANRGELER, CAFTIUBIOAL )Y
YDA DR TH > 12705, TS IZDon» T
KM D EBRITIIEAER SN > 72 (Ta-
ble 4).
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Fig. 3

Expression of CLDN4

Expression of ZO-1

B - SeHBER - FPATERE - A H TR

Yo DR AN 7 OFERe UhKES, 1997) Z4H o
TWATIME Y > /37 B D5 6258 Tk X724
DY X EDOBIZTFHBEEZOWTHAEL 2.
Z O #EF, DSW water T i 8 L 72 & FE 72 L g,
CLDN3, CLDN4 3 & 0'Z0-1 O {5 T2 8213 &< ¥
BLaholzd, »OBHIDELZLLE—FZLIZ
OCLN D #{ZF 5Bl 2 N & & 2 S 5, #%
SNt ORE R, BATE 2 OBHI DL ORIZIZAE
AN 5Nz (Fig 3).

3.5 DSW water CRS L 7=&1ED 72 L #*OCLN
DERBAICRIITE

3483 TCaco2 % W72 E LR ETIVIZHENWT
B 7 R T BIAB 2R L TIEE Y » 87 |
TdAHOCLNZ TJDFgiE & LT, DSW water C i 4
L—%F7ZLZ LBRORE LTIV L7
R, TJORVESEGEAFED 51 /z (Fig 44). —
7, Tap water TR L7-—FKZ Lz L TD, TJ
OENGIIFRE R SN D> 72 (Fig 4B). & B
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Supplemental effects of various kinds of soup stocks prepared with DSW water on the expression of TJ-related protein

genes evaluated by an intestinal epithelial model using Caco-2 cells (=5, Mean+SD). The soup stock, Ichiban, was made

from both of seaweed and dried bonito. Acceleration effect of the soup stock prepared with DSW water on the expression

of TJ-related protein gene was observed in the case of the expression of OCLN gene. As a cause of the acceleration effect,

the relationship between DSW water and dried bonito was suggested because there was little relation between DSW water

and seaweed. The asterisk indicates a significant difference on the expression of OCLN gene between seaweed and dried

bonito (=4, *p<<0.05, Student’s ¢-test).
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Fig.4  Comparison of two types of soup stocks on the expression of OCLN as a TJ-related protein. OCLN was visualized by im-

munostaining with anti-OCLN monoclonal antibody. Pictures show the of supplementation of the following groups of soup

stocks; Picture A, the soup stock, Ichiban, prepared with DSW water; Picture B, the soup stock, Ichiban, prepared with Tap

water; Picture C, DSW water only (as a control); Picture D, Tap water only (as a control). On the expression of OCLN, the

soup stock prepared with DSW water was more remarkable than that prepared with Tap water. Although DSW water it-

self slightly accelerated the expression of OCLN, Tap water showed little effect on the expression of OCLN.

REBRIZ BT, §9\ 7555 DSW water H & 125 TJ
D NGB HFRD & 1 72HY (Fig 4C), Tap water H
F121E. TJo RN Idia &/ e 225 72 (Fig.
4D). 72, DSW water CHE L 7-—%F 72 L 0 BAi
EDPOBHIDVEHOEEL SO AIT]FEB O @12
FHLTWEnEHXL7-2012, BAfi &L 2»2BHID
HilZ DWW TENZENHIMTDSW water & FHWT72 L
P L TR OBE LEET I L 2RER, A
DOBHIY E7Z L (Fig 5C) 121E—%F 72 L (Fig. 5A) [
BICTI OBV E IR ARO bz, BAiZL
G L 22 T o e ta o 25 (Fig. 5B) (&, DSW
water H & (Fig. 5D) & [FIffI2ME5TH - 72,

4. ¥ =

v hOFMEIZE 5 TlAKD I 25 VHKIE, B R
DI H D I 2 T IVRHEIZITE L Tnwb 2 &8
MonTHBYH RIS, 2007), F0d T4 HERA

HOFLERE L THEEENTVWEDSWIE, &k
DREEFHENOFHBI KRNI I TS (5
T, 2013). F7-DSW Zi2ji & L 72 ek DB % b
DSW D & HUK# THEA AT THE Y, —H Dk
BIKIZ DWW TIIERIC BB OMERE, B R IT 4 8
BT A2 e R s 5 (LA S, 2018). It
SRACEPKIZKEK ISR TSNS L9112, SAICE
SYREIZO R I N TS, BEICEEAGEIEDONM
water VKA FIHLICHRIA C I SN TWwW b Z & i
oLy ThHsb 29 L-ErE#A DSW
water DR THANDOICH 2 BE L, K% TIX
20134F 12 H 224 A o I AL E & L CE R S
NTHFRNRER 2RO S L) 127% o 72/ E~DOF]
Hich7zh), 2o 720 2B 5K
& L TODSW water DU REVEIC DO WTHRET L 72, BE
[ ZNM water # 3K & L THWTHEL 272 L O
Whgesl L LC, BEalKomREE L 72 L orgifk & il
B IC BT B3RS (2007) R0 HLIE 5 (2009) O
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Fig.5  Comparison of various kinds of soup stocks on the expression of OCLN as a TJ-related protein. OCLN was visualized by

i

5

FIERE - AT

immunostaining with anti-OCLN monoclonal antibody. Pictures show the effects of soup stocks prepared with DSW water

using following materials; Picture A, both of seaweed and dried bonito; Picture B, seaweed only; Picture C, dried bonito

only; Picture D, DSW water as a control. In this study, accelerating effect on the expression of TJ-related protein was in-

duced by soup stocks prepared with DSW water using both of seaweed and dried bonito (A) and dried bonito only (C).

Therefore, it was suggested that there was an interactive effect between DSW water and dried bonito.

Mook, LPLEDFLENLDOMEDOTIRE 25T
WLIKDOWE L v i, Cak MgD#HBATHEM S
N, ZZIZEENLHCal Mg ILIZERE I T
Wi\, ZITEHEELIE, FEMEOMREAKTS Ca
& Mg D EH AR ETE L O BERE b AHE S
DTG EEZTRIZEICHGLAZZ. 2 D
B, xR & L TR L 72 NM water & tap water
DN O N ZLORIZER IR SN e h o7z
%5, DSW water CHH L 72— 72 L3 = F ot
AKTHESLNZZLOK K Y TS S 7z,
D EROE R IC B TR E L TONM
water & tap water O ~F R IZZEE RO SN Do
72D T, LIEIZDSW water O xf B K & L T Tap
water Z X € L CTHig 2 #0 5 2 L1272 KRIZ
DSW water & Tap water T4% 4 fi# L 7272 L OB D
HEWIZOWTHRETT 572012, MHEDZLHIZET
N5 FRBER T O EHE LR, TORR,
Bonsz) FRMER S OEH =X E O’ I ER

ERON 0o 7255, DSW water THE L 72— 72
LHFIZIEHEMHEONaR KA S EIZER LTV 5
ZEnbirolz Naz&A T 5 HICIIRRILR) R
G4, 2017) HENTHY, RFETHLNTL
DSW water CTH# L 7c—372 L OBRIZKT§ % 1571l
i, SIS OIEFIZ X ZROBILHRITER T S b
D LEgs Tz, %8B, DSW water TR L 7-—3F
72 LW EM R & b % NaX° KA Tap water T
P 72—/ 72 LICHARTE Ot S -3 R Ico
WCit, SROBEHIETH L. RIZ—FLZLIA
AR L B & LT3 L 72 Caco-2#Hid % H
W E LR T VI BT BT a0
#EF, DSW water TR L 72 —F7Z LA TIREE Y
287 EO—HET & % OCLN {5 T D 5Bl & FE R 1|2
TLHE S5 Z LR S N, Iha RICHET Lo
BEALEM T L 25 VX7 B LNV ORE O
. DSW water T # L 72— 72 L IZOCLN ® 3831
TUHEDSHERE S 7z, DSW water TRR#L L 72— 72 L



SRR TR L7272 L O 29

@ OCLN ZE HLTTHE DO K B 53 122\ T, DSW water
HEB LT oMK T2 LR ZEINCHE L T
FROBE FEET VI L2 A, MUK H
12 DT AR5 OCLN D FEH R/ S L7253
MO BHI Y EiZZ LIZid &) BB 2 OCLN O # B yL
NRBO LTz, DT & D5 DSW water TS L 72
—HZLOTIHEBOTLEIX, »OBHIYEik O
43 & DSW water F O O EAEFIZ XL AL 0 &
BAINDD, ZTOEMENRS 2 RET HIZI3HIZ
A E L L b LS.

AW OKER:, DSW water THAH L 72 —F72LIC
X, ZORIZB\TNM water 3 & N Tap water T3]
BL—FLZLICHRTHERIZHVEHIZE O N
2. T2 BEWFE DMK T & % Tap water (L1 i
68 L i b Ao 728, M EEAI300 NM water 3 £
O EE A 32 D DSW water (&2 ALIZ H_ T HAHEEE A
Btk Tch o7, 2oz enrs, —FLZLOK
2DV T A K O EE O S K721 Tld e
<, Cak Mgt b FES LW REMEDIVRIZ S
7o BRICAEICHE I NS 2 LEMICIE, ARIFZE Tt
L7z X MM LSS W Ens, 72 L OE
K2 BT B21ERBEF A TH 2705, ZOMAED
& L CKEREOMEAKS L W if#Ezond L
Z D IOV T OFEM 2 MG E 4 R OBFFERR
BMTHADH., F7-DSW water CA# L 7-2—F 7 LI
&, B LG L NV Tk d DT & >
7 EDO—FETH SHOCLNOFEIILHED RO SN, &
IO BHIY Fivh DR & DSW water 1 & D847
WX BHEERTH S LRSI N, TNETIEE
LIRE D ERO R TH o 7272 LHOFEM & it
KEDBEIRIZB T, KIFFEOMEF D 5 DSW water
THWTREMEDPOBHI D HiPORE L 2—FZL
HIE R ORERRIC b B TS AR IR S
N2 ent, MEOEETH L7 Lo WE LD
M R OMERE - B ISR L5 2 TTREMEASHE 52
END. HEZL ORI OWTILES (2010)
RR WS (2011) OWMEVAOSNDL L)1k ->T
E 7275, BFIZCalllbRTMg % % &9 % DSW water
K E L7272 Lot o e v, 5713
BAOLZLIZEE ST, HFRBD7ZL 2 DSW water T

.

L CTHONLELOFEAZIEILYD, @#EICH 2
5B T, DSW water O I~ OFIHO
EREWEHIZIOWTIIEZ DL TFETH 5.

SENR

Koo A AT - A SEE - M — - TN R
(2011) 7 v % 3 U ERIC & 2 LA I g e 1
H. YAKUGAKU ZASSHI, 131, 1711-1719.

Brandner, J. M., and ]J. D. Schulzke (2015) Hereditary barri-
er-related disease involving the tight junction: lessons
from skin and intestine. Cell Tissue Res., 360, 723-748.

D'Souza, V. M., H. G. Shertzer, A. G. Menon and G. M. Pau-
letti (2003) High glucose concentration in isotonic me-
dia alters Caco-2 cell permeability. AAPS Pharm. Sci.
Technol,, 5, 17-25.

BRI KA - 4G IEAESR (2006) 95 % kg 7K F1) FH 2.
Bl s E G, R

FINGEAD (1994) AV T A, T 22T WO
HRCOZE). R~ TV, 1,420-426.

AT (2017) B IZ BT D3RR ORI R & 2
OFFAM. R, 112, 22-28.

N EER - FadEH - bl - G2 T - R
INERE - ALEPIE S (2011) KFREIC BT LR
HIREOBIRE [72 L) O RAFEFHEEE,
69, 10-19.

ARAFFEREA (2007) D I A7)V L fERHE. Biomedical
Research on Trace Elements, 28, 336-345.

AR - 8 E - BEAWE - IR - % &R
(1997) Ak T OARE © & 4 MEE DT
Wil ERRRAEY . |OEMEREESR, 42, 643-
651.

HONBE R - B RS - st - R - %
i (2007) o BHEIEB L ORAOIBEIZE
J27 X R OREHI & B R, s
FRMIFE, 24,191-197.

AR - SRR - RATARR - HZAI— (2017)
AR AR A I w72 Sz E ) 7
IRAEFERE N B BB A O T IEAE. b & AW
55, 278-284.

BB EF - @& (2000) WEORL2 L I 4T
Vo r =8 —THBLEEZLOIATIVES=
EEIRIZOWT, HARREFAREE, 60,957-967.

WAERA - T —1it - BB T @A - REFH T - M
LA (2007) K OBEEEAYE HY LIt o W1k &
BHEOT I KT R H AR &R,
40, 427-434.

RUFRLY - BEHEM - AH  (2008) X ATV
U — ¥ —HOMEPERAZ LI RITT %



30 WA - AR 8 - SEHMER - B4 - 4 H Tk

2 HAREATEFSRE, 18,376-381

&3 —J< (1990) ~ 7 A7 DGR E < T AT T L
OBIETP FMWTEFRERE, 3,97-117.

FEAEIEAE (2006) - i52 E ZKFE I~ DOWAS O B
k. WECEEEREKARZE, 18, 69-70

TG IEAE (2013) R R R K O FIE F O BLUIR & 414
DEFIZOWT. L, 31,2-23.

HAT G (2006) MR IS K O £ il - fOBK A~ D F)
M. WEERBAKFAY:, O, BHEKA, &5
fEIEM, BelsEEE, Fnl, 111-118.

Tokés, A. M., J. Kulka, S. Paku, A. Szik, C. Paska, P. K.
Novak, L. Szilak, A. Kiss, K. Bogi and Z. Schaff (2005)

Claudin-1, -3 and -4 proteins and mRNA expression in
benign and malignant breast Lesions: a research study.
Breast Cancer Res., 7, R296-305.

IWH - IR - RHEFE - RRIER - §iH
Yo - JE A (2010) M272 L B X OKHEZL
28T 2 DPPH T ¥ 71 )V 21K 1 & ORACTE
BRI OGS, H ARG AEE, 43, 201-205

WA M- ILHBA - BF 0 OBUE - SAREFE - SfEIE
fE (2018) IR IE K D ARIF - TRIE S5 B IC
B LREE., HAMTARBER S, 15, 67-
77.



