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Deep seawater stimulates the absorption of f-cryptoxanthin in the intestinal model cells
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Abstract

S-cryptoxanthin (8-CX) is a kind of carotenoids contained in Satsuma mandarin (Citrus unshiu
Marc.) and has many health-promoting effects such as the visceral fat reduction, the preventive ef-
fect on osteoporosis, and the effect to improve bloodstream. On the other hand, there is a report
that deep seawater (DSW) accelerates the absorption of vitamin C by the cells. We investigated the
effect of DSW on the absorption of f-CX by a human intestinal model using Caco-2 cells. We
found that DSW accelerated the absorption of -CX by Caco-2 cell remarkably. It is suggested that
DSW accelerates the expression of a carotenoid transporter gene, SR-B1. It is also suggested that
S-CX is absorbed through SR-B1, because the absorption of -CX was suppressed by a specific in-
hibitor of SR-B1 receptor, BLT-1. It is suggested that the accelerative effect to absorb -CX is spe-
cific to DSW, because this effect was not observed by using surface seawater (SSW) .
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TREY EHIIIZE CILH S 15 Caco-2MillC L A58 LEEET VERWCRGEEL 72, 20
#EAR, DSW 1d Caco-2 i~ D S-CX DRI 2 A E AN S 72, Caco-25lfE O B An T FE BT 5 5
25, DSWORMA AT T 7 A4 FRPUZES 3 2% 4SR-Bl1 2 &£ a L A7 u — VR HHER T
DFW % L S, F 72 Caco-2 M~ DWLIGEAER 2 B> TSR-B1 D HEFIRINIC X 1) f-CX DWLILAT
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b M OEMTEEI A MR 2 OIS E R R ERIE, AR TERVZOMNEASERZERIER ST, E
EHE, IRE, Rt eI yEBIUIAT WCEWAZ#EL TR TS (5, 1924). €53

&

i

OBRRSHE S A 2L (T108-8230  HLGUHBUSX USRI 2-18-1 JR&HJIIA — A b L)
2 MRS T T4 F U — (T106-0047  BERUERHE X RRAGT 2-8-21 R FRAT MIC ¥ )L 7F)



132 MRz - HEES -

KBEHE S I Y EREMEE S I 2 D2212K
M, SHITENTOEIIIEET, EF I VA,
LY IVBHREY I VCERBD L L-6HEEO Y
¥ I VIS LS TWwS, By 3 VIR PURL
Remthd & L7 EWC L o TR BRI ZH L T
W7, B ARERELTETTRL, 4HT
TEFEEY B9 L2 7)) 2 2 FOJEEZR &2
BIHENTWD, 29 LAETEROT, Faldks
T AL M ELTORHRLRVECXIZEH L7
BCXiTHu s /A FO—HTHY, EAENIZBW
TEY I VAICEBEIN TR ERET L2 &
5, 7OVE ¥ I VALIFIERTWS (B, mm)
N FE TRCXIZIZHiERIL/EA (Burri et al, 2016),
FEMEAIRER (Sugiura ef al, 2006), F1H Tﬂﬁi%éf’lfﬂ?
(Ozaki et al., 2015), HUAEAER (Sugiura et al, 2008),
MRS ER (T3, 2013) 23 IRIEAIEH (Shimoda
et al, 2012) 72 EO LR RERREE A L TWDH Z L8
WS TWVD, BCXIRRMANA, Hli, KbRss
NAXEORYIIL CEENTV LD, FTHIEM
ADADEHEPRFIZE (H AR MRS,
2015). HHBRZEV T & 12 Sugiura 5 (2002) OHEFIZ X
L, A7 % & HARANDBCX DIMH A -5
T 505, ZAUKIRINA DA D OREH] & BRA D 5
Ly, APALEZIE [JEEOLOANA]T
Hh, WAL FERE L TENLSITE, HRA

JE o CHFFITBIRAEACRY TH L. WMNAPA
(I EHARANDATEIZHGE < 87 LT 5 Rz
RBb7-57%wv, BEREVSHSOEERGEL LD,
R E 2 & 725 T ITER A L TW A HES I
BT, HERMNIBIGEAERNTIN A AZE TN
BRCXITREIBNINARE T THLEEZLND.
L L7h s, imNADADOIERHASE S N TH
D, MINA DA DB EFIICACX 2T 5 2 &1
WEECTH D720, 71U A2 b LTHCX ZEBIT
LWV ERENFELL. SHIZKAIIDSWAHE ¥
IVCOWMHEET L5 L xRET DA S
(2011) O IZEH L, DSW % FIH L 72CX D %)
R WIN O R 2 MET 5 2 & & L.
RIFFE TIZIEFIIAL DR ZE TULH & 415 Caco-24H
flz &k e MBS ERET IV E VT, DSWABCX

SCHHE - BPATIEER - IR

W E DRI ET 5O IOV THHE L.
7z, pCXPA DA T ) A RELTTAY I F
ytw%%y%%wJﬁww%ﬁ%wﬁ@ﬁﬁék

2, BCX O a AW % 1% USDSW D &) 5312
owf\%&%%moﬁﬁttwfﬁﬁcfﬁiﬁ
5.

2. MHAERE

2.1 DSWZRU'SSW
%fAﬁ%w—l4%>~®ﬁE%meﬂmm
S i ] LA RO A 97 1754-114-1) 128\ T 2014

$2H WZHOK L 72 (K800 m). SSW ik i fif] IR A7 B

T ARIR O A5 km D SSW % 2009411 H 12 ER K L,

FEMBEFTICRE L2 b 0% i L 72

22 BELEREETIOBE

Caco-2Afifi. (& I 58 H1 R HTB-37, ATCC) D%3
#1X, DMEMS 7V 2 — A B H (FIGHEE) 1210%
AR T (BUF, FBS; 94 775727 /0y —X),
1% T X 7 B (FIDGHEEE), 05% =21 v-&
MUTMRAT T ARTY) T B RGHEE) &
wWML7zb0x v/, ag—rra—h GrlE
SFY) L6V TL—k (BF2 775 R) I
Caco-2All i % 20X 10°M, /X & 7% & & 9 IZ#k %,
a7 NVIT Y MNIRREIC R A F CTRIER T 72,
TV MREEIZ 7 o 7z Caco-2fifd 2 & 5128 H
Brag ke L 72, #REE0S5% (viv) O DSW % ik
MLT, 2,30 BEICHEBLHEEZITVRAS6H M
(Fr1aH M) ke L TR L, BELEETVEL
7z.
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2.3 B-CXDRINEER

22 CHEEE L 7208 LI ET V6, Bilb B L
TNy 7 AR (2 7 ~) THEE, 05% (viv)
DSW, 50 uM & 7 10 2 — )V ) + 1) 7 2 (BRI,
0.01% (w/v) M-10D (Z 2 AL 7 — X) B L O
BEGuM & 70 % & 9 L ZFHEL L 72-CX (DU ] /U 38
EINZ 72N 7 AREE W2 mL & SR & L TR
ML, 37CT2MA v FaxX—=1s2fro72. 2O
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Table 1. Primers of SR-B1, NPC1L1, ABCA1, and ABCG1 genes for Real-time PCR.
Gene Forward primer Reverse primer

SR-B1 ATGAAATCTGTCGCAGGCATTG TGCATCACCTTGGGCATCA

NPCIL1 TATGGTCGCCCGAAGCA TGCGGTTGTTCTGGAAATACTG

ABCA1 ATGTCCAGTCCAGTAATGGTTCTGT CGAGATATGGTCCGGATTGC

ABCG1  CGACCGACGACACAGAGACTC GAGCACGAGACACCCACAAAC

L& DSWoORDLHITHEEKZRMLIzbD %2
vha—pk L7z T/, WL L TIZDSW
DDV IZSSW R IR 72. 37C, 2B D £ » F 2
N—= Mg, N7 AREBREREL, 1mMY v
I— VRS MU 7 AEAHPBS (FIGHZE) 2 mL Tl
faDPEE % 210117V, & H12KE L7221 mLOPBST
T L7z, etk 10% X%/ — V& A PBS % 1 mL
WL, A7 L—s8— (770ay) ZHWTHIEZ
2V KO0 SHIEE L TR L — RIS L e, | L
7N S A AN o (FIDEHEEE, Refh) %2 2mL
Mz TR, ~FFUEERIL7z. FREOKE
WZHT LT &2 2mlinz TR L, BOAF

xR L7z, ZoOHEZIEEE)EL THRLN
TonFH UER, @I oNHEL — % — (CVE-3100,

WA LERM) CUMREZE L2tk =¥ — v (F
AR, FERL) 200 uL ICFAEE L 72, COBR T S
Mk~ 27574 — (LLF, HPLC; LC-20A,

ESESERT) (2L, 50 M PDa- k27 = 11— )b (Hl
JeRiEE, —) &L TR M bV (FEREE

k7 N 7774 =) A8 7 —)b (FDEHE,
Whkoua< s 7774 —H): 7 v a7
(Fehtise, wkru~ b7 574 —H) (55:40:5)
120.1% Bkl (FNGHIEE, HEfk) &2 i L 7ciR & i i
ZREHH & LTl 7 7 2 (Shim-pack VP-ODS, 5
HERER) FHWCAXEEE L (RIEE,
452 nm) .

2.4 B-CXDWRINESEEEF DM

DSWIZ & % BCX DR AE X 71 = X L % 2%
720, a7/ A FRIUC BT 228 ke LTS
1T % SR-B1, NPC1L1, ABCA1 3B £ " ABCG1 (During
et al,2005) ORIG-ZAE L, SH#EE T33O LE
72, RNAHHE A+ v b (Isogen, HAY — )
DT I VITHEST, 22THEL-a 7L

TV MRENS 4N MEELZBE EEET VO
1% & RNA DT 217 o 72, IRICHHRE UG F
b (PrimerScript™ RT reagent Kit, ¥ 77 /54 %) @
70 b a—uiZfEv, dli L ZZRNA 7 5 3 5 cDNA
AR L7z, ZOFHMDNAZIEZ, VTNV A L
PCR Hi#3# (SYBR"Premix Ex Taq™ II, ¥ 71 5 /31 %)
O70 R T=)VIZHE L TY TV A APCR (Step one
V7 IWVE A LPCRY AT L, A7 77 /0T —X)
ATo72. 7%, TablelZV) 7V ¥ A4 APCRIZHL L
72754~ — (LEY AT L9 A4 T2 A) O
ZaRL7z.

2.5 B-CXDIRINARER DIEAT

SCX DI OREFIZH 721, HIRWLIEE RS
72 ClE e <, HAHEEL (Scita et al, 1992) & BI5- L
TWVLHREEAER SNz, 22T, &4 OHEHR
THLHBLTL (7 ~) ROT I+ b o4 (B
T, NaNg, 7774 T A7) % #EEDK 4% 20 uM XL
30mM & 7% BERICACX & —FE Il L, 230Kk
FEHE LTI A ORI ER % 17 - 7-.

26 fbHhOF/ 1 KORINFER

DSW 2 & % B-CX D WU HEAE F O B 52k % i <
B2, FIRE6UMIZIRE L 72T A ¥ F
BIOWVTFA Yy (TN 7 ATy T—R)
D22fEDOH T /A4 FEDSWE & b I223DF I
#UCHINBICIRIN S & 701, S4itzddro72. &
OHHE A HPLCIZHE L, 10 MREEFRR T ~ E =7 A
(FIYERisE, Hf), 45mMY 7F vk FuF o h
VI (R, witkra~ b7 74 —-H) B
XU36mM M) ZF VT I v (RGHSE, $) =
R T =t N VRS AV /At v s 252
(RO, Wtk o~ 7974 —H) (75:25:5)
DOIREHEE X RBEME & L CHtH S 7 2 (Shim-pack
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VP-ODS, HaE8EfT) 2 W T T A 3% F U K
OCNVrA 20 llEEfT- 7.
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BoN/z7T— 53 PIE R REE TR L. &
B, 2HEMOF BT HIE (Student's £ test) % FH W
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Fig. 1.  Effects of DSW and SSW on the absorption of g-CX

by Caco-2 cells. f-CX was measured by HPLC method
after being extracted from Caco-2 cells cultured with
the medium including 6 uM B-CX (2=6, Mean=SD).
An asterisk indicates a significant increase of the
B-CX absorption by the addition of DSW compared
with No addition ($<<0.05). The addition of SSW did
not increase thes-CX absorption significantly.
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3. #& R

3.1 DSW DB-CXRINEERDF

23D FETHE LT WIS N7z pCX &=
ZIAR7AER, Fig LIRS £ 9 IZDSWIES-CX Dk
INEFEIREL 2 (p<005). L2Lia2s, It
BRI O SSWIIZS-CX DI A Em a2 TR o
Rz,

3.2 B-CXDWINBEEET DR

DSW 2 & % B-CXWIURIED A /1 = A D% FARD 72
0, 2407 FETDSWDE ERZETNVIZBIT % #
(R FFEBAN OB A R L 72458, Ml A A
35 3L A7 U= )LDOZ%RSR-B1, NPCIL1, ABCA1
BLUABCGID ) b, SRBIOFEHDTLHEL TV 5
ZEMbhroiz (Fig 2).

3.3 B-CXDIINARER DRRAT

25D J T E LR E T VIZBIT 5 p-CXILIEE
AP TR, Fig3lRd L9112, aL &
71— )V EARSRB1 DO HEH] T 5 BLT-11%, pCX
DORINEE KRELBIT LI LDl —H,
ATP O A B 5EH] C & % NaNs 13-CX O I & 1224
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Effects of DSW on the gene expression of SR-B1, NPC1L1, ABCA1, and ABCG1 in Caco-2 cells. The gene expression of ca-

rotenoid receptors, SR-B1, NPC1L1, ABCA1, and ABCG1 was analyzed by Real-time PCR (#=6, Mean=SD). An asterisk in-
dicates a significant increase of SR-B1 expression by the addition of DSW (p<<0.05).
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Fig. 3. Effects of two types of inhibitors on the absorption

of p-CX by Caco-2 cells. BLT-1 (20 M) was used as an
inhibitor for SR-B1 and NaN; was used as an ATP
synthesis inhibitor (30 mM). Caco-2 cells were cul-
tured with the medium including 0.5% (v/v) DSW and
6 uM p-CX for 2 hours. f-CX was measured by HPLC
(n=6, Mean=SD). Single asterisk indicates a signifi-
cant difference between 0.5% DSW (No treatment) and
control (No addtition) (p<<0.05). Double asterisks indi-
cate a significant difference between 20 M BLT-1
treatment and No treatment (p<<0.01).

LI LR ENT

3.4 foHOF /14 FORINFER
pCXEFMULATT /A KTHET ALY FH v F
YBLUNVT A KT B DSW O ERDF %
FARTAER, pPCXEFBRICT A X F 0 Th
W EDOF BB S Nz, VT A Tk
WNEDOZALR RSN D572 (Fig.4).

4, £ =

Caco-2#fE1C & 2 5% B E TV & FHWTACXD
FFLA DI BT % DSW D B2 % 1~ 7245 5,
DSW 213 -CX DRI ERY A 5 Z L Dsb o 7.
BCXiEur /A FO—HETHY), ZOWIGEEHEIZ
(EFEIRAYILIL & BAEIEEL D 20 ORI S T
B UM - BB, 2012). BRI CTIEa L AT
O — VA3 ) /R E AL Tha T /4 R
INEN 5 Z EA, During® (2005) 12X %L AT
O— VEZEEROHERZEH LB L VL2 L
BRoTWh, 2O ENS, DSWIZ X 5B-CXDULIL

L4 P
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Fig. 4. Effects of DSW on the absorption of various species

of carotenoids. The absorption of A-CX and astaxan-
thin but not lutein was increased by the addition of
DSW. An asterisk indicates a significant difference be-
tween two indicated groups (#=6, Mean=SD).
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TRHE I HAEE 2V Cld 72 <, BIRIIGRRS 3
G- LCwa Rt fig s/, £2 T, DSWo
BCX AR AER RO FEM e A = XA L% PR D Tz
B, VTIWVY A LAPCREXHWTILATO— )V
BARBIETF ORBERICOWTHAN. 08T,
DSW I AW ZE THAR724HED 3 L A 7 10 — )V FE
D95, SRBUALTFOFHDAZTHEIET VL Z
EHO DL o7z EHIZA-CX DU % F1 <72
K, ATP O & L EHF] T & 5 NaN LB T 134-CX
DWWILENZALD e o 722 &5, DSWILATP
VZARAE L 72 GRE B C dp 2 HEAPEHZ 1EBES- L T v
HBWZ ENbrol, —F, AV AT U= )VER
SR-B1 O [ E#] T d % BLT-1 CLEE$ 2% & CX DI
WEABHE IR L2 & A5, DSWIESR-Bl %%
% A L 72 p-CX ORI RS 12 £ 1) B-CX DI
TRERREZFEH L T D 2 EdvRgEnz. Ubko
ZEt, DSW2SSRBUEIE T OFH % iS5 2
& THCX DWIURERN R FB SN D L) A=
ALDHEBR SN F2, DSWICE A7/ 4 K
WA HER) R DFFEE 2 72 & 2 A, DSWIEACX
ERARICT A 0 F v OWIN L RAET 2 Z &8
b olzhs, VF A LIZOWTIERINERE L 4
Dol TGO FMEIIME O LA
A0 ZIFHEMULTEY), AWsgTHE LN
W SR SEE 0 SR D R B 12 D W TUE A R O 98 28 C
»H5b.
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RIFZEIZ BT, DSWIZA-CX D WL AR 1 2 5 A3
s, CoORRIESSWIZIZR S5 h -7, DSW
IZIESSWICHRTI AT VPEFIZETN TS
ZENHLN TS (BEH - =ife, 2006). 7 v b
(Noh and Koo, 2003) %t I (Dijkhuizen et al., 2004) 2
BWC, HEORZIZE DI 0T PRI O A H
WEESNTBY, BWEODIATIVDOLEIZL->TY
HaT A PRI B S N A M REM AR S b,
D720, BCXDWLIAEHER) R A 7 & DODSW
HOfE I A T VISRRST2RENEZ 6N,
72721, SSWEDSW & ZHRAKH PR R ->TB D,
2 L7RKHO XL DS R E A 5 2 T\ a 1]
BEMEL ERZ B5ND. D, SkERODSW &
SSW & H W 72 I BR 2 17 ) W0 5. T2k
WOEREILIZ, DSWHIZE TN AME I & TV
12 H L, DSWOACX DI ER) FIZ B G- LT
WA EFIZOWT O FEI R 21T FETH 5.
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