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SULERFNMLNEFZRR R 7E Caco-2 ZHAE HYIRENFRELIE
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THHE ERX

(WL KB R R ERT TR, WTT K800 70 T8 R4 0 S TS0 %, BUM 310029)

HE K — AR SNIE SR GG A IR B R S AR R Caco-2 AR T 81 R, BT RAL

Aot AR B 4G 2m JOAR TR A 35 4 IR AE B 6 R

8 IR AT BB Aotk 2R BRAE AL )N P B R tm e 4

TR S, 5 R AR Caco-2 4mest BALAEFartlng 54 AR 44 04 3R IR Fo gk iE MR . B 19) /o A,
KM A, BIBFIBAMIT CHE| 4 Cof, HIRAEEH FEAE(P>0.05). RALEFrb g R
$& AP B (AP ) 2 2R AM(BL 1)) 69 & LB & £ $2(P,, ) VLT BL A 2] AP (551 4 0.95~1.41 4%

app

F2.0.84~1.07 4%). RACHFortb o K BR A 69 4RI E 57 4 (0.88+0.08)% #7(4.73+0.60)%, §4i% % 45~ 57|
#(2.112£0.05)% #2(9.08+0.25)%., # F4R T RALK Aok rg 2 BR A4 R VAR BN 8 A £ & % X4k Caco-

2 AR IR Andtis
KA SR IHERERFEER; Caco-2 41 ff; 1REL; ¥ia

ot L FEMEICE, B LML EEE M
(CrH) ST ER (Cront, =8 2 B YR AE A N i
koo e X, HLRE %8 2 B i 5 K] 7 (glucose tol-
erance factor, GTF) G PERLS, & ReHE &k S R 10
W, PR R . SRR AR,
NFEHAS R IR ST 2 R EA K. AEE
TSR R AN TR], TEH LA AR A R, LW R
0.5%~2%", WU 2 B, B A 10%~25%")
HRHEEZEwmiEkh. EEC. R, ERELL
N E SRR A T S MRS RO . B AE /N I B R A
W, FRECE A B EE+ iRl AR, HA
5] J2 2 S 7T /N i W iR B DIPTSR R i ANTE 28 .

Caco-2 A RIR T N &5 Mg 4 i, 1k 41855 77 it
fie B AR BT U 1 40 i ) R A 2 R AE A2 LK
T34k, SRAFVE 22 /)N WIS A PR 2 G T R R B 4
R 7040 M T T R R B AR RR 2, 78 40 B IR TR
REER; WK A REEIERE . R IR
MY ER R FIZ ARG, BB TR AR L1
Caco-2 4 by s AR OO 12 N T2 8. A
1 BB DL BOR T R I B s B,

— SR (CrCLy) A & A TE 2K, Thntme SRS
(CrPic) ly iy I HUER TE X, AHIFT LA Caco-2 g 41 SR,
PRI CrCly Al CrPic (ERES) J) 2 FEEIZ R A

1 MRIEAZ*
1.1 ##l
Caco-2 41 Mabk M B RFBE L e A= 0 40 f By ;

DMEM(Dulbecco’s minimum essential medium)3%
5, BRI, AE0 W B AR, L- 1 2 W% A Hanks
22 pPV(HBSS, pH 7.4) F Gibco 2 ] AHi(H .« B
HE), BEEAM(S 0.02% EDTA)A T 25U K5I
H Sigma 2 #J; CrCl, M1 CrPic ¥ M Laigh, & &8
5ok 18.95% A1 12.32% . [“C] H #=7(7.89x10° Bq)I
HEE NEN A #]; KA = 2K.
1.2 {AREERI R L 5 T A

ML 10% fG 4 3, 1% E0 R 2R, 4.5
g/L % FE, 2 mmol/L L- A% fEh%, 100 U/ml % %,
100 pg/ml 558 & ) DMEM 1 3# 3T 25 ecm? f RS 5
AT AR IR, B3R 37 °C, 5% —%U4LHk,
90% MXTIRSE . ¥ di AP T- 6 LA MBS SRR, B
BE 14 RAEAH TR . 4T 6
fL Snapwell 41 ff1 4% iz £5 S5 48 (Corning 2 7)) HITHFLER
B (12 0.4 pm, KA 4.7 cm?) H T 4%
iR, Rl 80 000 4 /em?. P AT JEARERE
Pl Mo ar 3 b T BRI IR . Aeis il i s (AP
AN 1.5 ml K553, FEEMIBL M) N 2.6 ml 5
FRIE, REFRHELEE 1 B 48 h i, LUGRE 24 h
P40 f K31 20~22 K45

g0 M 52 I B Ol I B R R PH

(transcellular epithelial electrical resistance, TEER) A1 H
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#& B0 % AT VFY . TEER {8 Millcell®-ERS
FHAY (Millipore 23 vl )IEAT Ml &, HF LA K THIAR AT AL
1E, PLQ-cm? %ok, ¥ C B HBEEINBE 128 AP ),
M BL s B HURE, H WA (Wallac MicroBeta®
Trilux, 45 %)M & 4. TEER {8AF 600 Q-cm? il
HEERLEE R T 03% h'-om2 (IUEREH TH180T597.
1.3 #iBREH

¥ CrCl, M1CrPic H] = /K FL il A 1 mol/L FI I,
F10.22 pm 38 B4 2% L DEBR 4, FFH HBSS e ik
1.4 BEURL

FHEE 9% 14 K Caco-2 i Ml 45 37 'C HBSS 7EH%
FEAA PG 7% 20 min, W 2G5, DA 2~20 mmol/L
ff) CrCl, Al CrPic ¥, 7r AIMLEEIT[a] WAL, R E
X CrCly M1 CrPic 4 i S HU %9 . N 4 °'C HBSS
AP PEAN AR I 2~3 2K, P40 A &I H A% /N0 B 40
FH i BR o B P G 41 9 31 eppendorf % HR, HE R RE
N, B0, MWE LiEm PSS,
1.5 #Fizidie

¥ RE % 21 K Caco-2 4/l 55 37 'C HBSS 7E£%
FEAH T 97 20 min, W 228 PR, 5 HBSS
e 3 K. #IaikE o Wi AT, AP IR BL ) #%
1Z: ¥ 1.5 ml ANFEREE RIS I AP UAE R fit4h
e, [HEF BP A% (1 HBSS 2.6 ml 1F A8t
M BP il [5] AP 4512 : ¥ 2.6 ml AN R AR VTR
RN BP 4E A fit45 e, 1.5 ml 4% 4 HBSS finZ| AP ]
VEAHeWtit . W Hs R IR B T 5148 50 t/min /)
37 Clad RS K T, 4355 FAS[R] B () 2 A2 52 3t
KAFE 200 pl, [FIS 72 Z0%M0 200 ul 37 “C#5 4 HBSS.
1.6 REENNE

FE b P8 & 85 2 B Quinaia 2500 )7 V4 3R &
Hk, JR OO TR AR Hid AA-6500, £
GFA-6000 #%t. HAZNMEFEEN 20 pl, D HREHRE
214 0.45 ng/L.
1.7 BUES

R WM 1% Z $ (apparent permeability coefficient,
Papp)¥% FaUTHE, BT K cm/s:

dQ

Popp= A60AT, (1)

dQ/dt K%z % (mmol/min), A AL IR T X
(4.7 cm?) , C, A& ith R VE IR AT ZAMR E (mmol/
ml).

KR A SPSS(11.5)BAFHEAT 434, 45U x£

0.35

( A CiCl,

030 + m CrPic
T o025k R*=0.9974
s
g 020
=
= 015t
i)
= 010 R=0.9995
oot

0.05
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0
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WAE (mmol/L)
1 RE3 CrCl, 1 CrPic 7£ Caco-2 £ A 5 BY A4 %2 M
BEGAK T 37 "Ci#4T 120 min, CrCl, f1 CrPic WK JE 5 E X 2~20
mmol/L, &5 HRLL x s R/R(n=3).

0.08
A crCl

0.07 - B CrPic
0.06 |

0.05 |
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0.00

R*=0.9939

R*=0.9931
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I 18] (min)
2 CrCl, # CrPic 7 Caco-2 4l fh IR B AY A i8] gh %
BEGRY T 37 CHEIT, CrCl, M CrPic FIWE 4 4 mmol/L, 45 %LL
x+s #R(n=3).

s TR, P<OOSANAHREREREE.

2 R
2.1 Caco-2 a3t CrCl, #1 CrPic BYIZEY
2.1.1  REASTIRIGG A K 1 358 Caco-2 41

XA E R FE CrCl,y AT CrPic(2~20 mmol/L) fH%HR Bl
JEE 3T ALL 2 M 1G

2.1.2 BRI GG TR 1F 120 min W, Caco-
2 4 B %t 4 mmol/L CrCl, 1 CrPic f4%HX B st 8] 14 0
BEEEMNE?2).

2.1.3 REAIZIRGH A S AMEE T AE 37 C
14 C4&A T Caco-2 4 3 %F 4 mmol/L CrCl, 1 CrPic
HOFEHEN, B 3 2% HH 0 JH o 4 ) B AN B2 8L R (1) 5% 7
2.2 CrCl, #1 CrPic By ELMpREEE

221 AMEEAZH  FET CrCl, M CrPic 7£ 0.2
~20 mmol/L ¥ Bt [l P4 F) 2% 4t 4% 32 (AP £ BL J7 [
M BL 2| AP J5 )15 00, HFRUEE RBNE 1.
222 REAEEE GRS 0R AR BEIE I (0.2~20
mmol/L), CrCl, 1 CrPic M AP F| BL 1 BL #| AP B4
77 18] (P32 45 R L PR 4, 3R WH P 3 1) 1% 4 3 42 T bl
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0.08
007} ®37TC
Eooosf DO4TC
S 005}
£
3 004}
& 0.03 }
2 00|
2o
0.00
CrCI3 CrPic
E3 EE3t CrCl, 1 CrPic AN

CrCl, 1 CrPic # /%4 4 mmol/L, £5HR LA x £5 BoR(n=3).

RS 18 o ify 5 2 PR hn
223 A AEE 6 ¥k Kl 5 %4, 4 mmol/L

CrCl, A1 CrPic 7T: 120 min 4 A\ AP | BL #1 BL %] AP
P AN T3 Tei) B A3 B () 388 0 oy 20 AR 2 389

BB AT IR 6 7R SRFEET 37 CHI
4 ‘C%M F, 4 mmol/L CrCl, 1 CrPic M AP %| BL Al
BL 2| AP J7 |n) BS54l U2 1B L. K2 KA C
%A T, CrCl, 1 CrPic ¥ 4 fuf5iaH Tt H
Gt i = R A B E(P>0.05).

2.3 HIiEREE

37 ‘C%AMF, Caco-2 4li i xf CrCl, 1 CrPic %
HY #5370 24(0.88+0.08) % F1(4.73+0.60)%, $518 4y
49(2.11£0.05)% F1(9.08+0.25)% . B CrPic ¥
W 5 T CrCly.

3 g
Caco-240 k5 - A 4 B di o, 7E-KAe AL
SERE L A0 T A S 5 35— 1 I 1) RSB A0 Ak R K
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0.60 - O APFIBL (CrCl,) .

0.50. W BLEIAP(CrCL) R*=0.995
T A AP:(%IJBL (CrPic) R2=0.9929
% 040 | A BL#JAP (CrPic)
£ o030
18 L
g 0.20 R2=0.9945
® o0} R*=0.9935

000 1 1 1 4

0 5 10 15 20 25
# & (mmol/L)

4 K% (0.2~20 mmol/L)3t CrCl, 1 CrPic $5EH9 %0
iz 5 5 A AP U3 BL U0 BL U ) AP )3~ 37 Cit4y 120
min, 5Ll x s £3(n=3).

0.14 - O APZBL (CrCl,)
~ 0.12| m BLEJAP(CrCl) 2
NE o0l A& APZIBL (CrPic) & R=0.9303
= 7| A BLFAP (CrPic) 2
S o) R*=0.8997
S 0.06
w
1) 0.04 R=0.9904
#

0.02 R*=0.8668

0 20 40 60 80 100 120 140
ff 18] (min)

E5 CrCl, #A CrPic B4 fgE iz it At 8] B £%
s R4 A AP U E BL U F1 BL %] AP Ml 37 CiEAT 120
min, CrCl; #1 CrPic I SE % 4 mmol/L, 4R LA x£s £IR(n=3).

UIE /Mg b B A0 ML S5k, e AR B S b, R
B P BRI . 20 A A R T A
JRIERIT ST, 25 s 28 IR A NI 0E TR R
W) —Ff 0 TR, e s 2. #eis
FARE B %40 R AW 708 IR R oy T

1 CrCl# CrPic EAREIKRE T HEAMIZIEH P,

CrCl, /i P,,, (1x10 %)

CrPic ) P,,, (1x10 ©)

U (mmol/L) AP #|BL BL E| AP LB AP % BL BL #| AP LB
0.2 1.00+0.27 0.99+0.28 1.01 5.31£0.40 4.96+1.17 1.07

2 0.99+0.27 1.01x0.29 0.98 4.69+0.80 4.73+1.10 0.99

4 1.01£0.11 1.06£0.32 0.95 4.71£0.84 4.82+0.92 0.98

8 1.37+0.32 0.97+0.31 1.41 4.03+0.83 4.42+0.84 0.91

12 1.12£0.11 1.00£0.32 1.12 3.52+0.59 4.20+0.74 0.84

16 1.21+0.26 0.9710.31 1.25 4.03+0.84 4.80+1.01 0.84
20 1.20+0.28 1.09+.033 1.10 3.78+0.72 4.50+0.99 0.84

FEiz R 2> BN AP MIE] BL A1 BL 2] AP M T- 37 ‘CREAT 120 min, 2 R UL x £5 #em(n=3)-
2 BE* CrCl, #7 CrPic FE4ARRSEZ AR
AP 3| BL BL % AP

4532 B (umol/cm?
= ) 37 C 4C

37 °C 4 C

0.0270+0.0009
0.1190+0.0021

CrCl,
CrPic

0.0262+0.0021
0.1111+0.0094

0.0249+0.0008
0.1084+0.0238

0.0258+0.0011
0.1162+0.0061

WEIZA % 1 B A AP JUE] BL A1 BL W] AP 53~ J7 AT 120 min, 25 REL x £5 Z(n=3)-
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WHLHIE EAT LA NI (D ZH AT IR R RIS,
BEXT 5 IR 28 00 T (M OCRIAR I AT DU PRl . ()4
L Bf 2 P s O RV RE JEE A L ST, A ) - R4 T S B0 45
Vi (3)ANT7 Bl H S8 20, NI FRAIK T 48 SR #E;
(4) EHEIEL .

ANFTE AR A ) HR s AN [F], CrCl, 2
WL WAL S E X, CrPic ML —F A
WAL L. A SR Caco-2 41 IBIASHEST 1
P R 8 ) R s s . S5 R EOR, CrCl, Ml
CrPic (13RI 4 s #1 B AR FEE RTINT [] Fr 388 i 2 2k
BN, iR G REEM 37 CREH] 4 CHY, BEARTEIUNE;
B FREaR, (2R AR, XU e AT SRR
s AN ERE R MR (102, JX gk B IH CrCl, f
CrPic (C/M 1= B2 4 2 807 B ) . 78 0.2~
20 mmol/L K& {iulEl A, CrCl, 1 CrPic fRI4%iz A H
BRI, [1'EA1M AP 3 BL F1 BL %] AP J7 |7 #4
1P, LT 1.0, IX3E— 2Lt B T CrCl, M1 CrPic
16 /0 e 1 2 il e B s gy AR IR i
Dowling 53R K BT (M R AR AU ST TR
BN S CrCL IR, TA A 755! CrCL R R AT A
Wish#tia nb e, AR 2 R 50—, STk R G
F CrPic Wy 1 R 7T LL 3 /D, {H CrPic A%
A B T CrCl, (LR, CrPic BV A7 772
A 2GR R AT LR IS B . AR TR IR,

HIX CrPic 112 LA#E 3 77 & i b s 4 ki, &
M HCR A IS A 25 T CrCly. (HAREHERR
ERSEE SR, CrPic 2 LLAN T 1 EghizfE X
WO, Bln, ERFIERER Z TS LT, R Hiik
A BT R e b, M & s g = s
270 A I HARAR G5 a8 28914, Lukaski 28014
TSR S R RE BB AR S AL, P AR (R AL
AR I R By BRI, i ROZ AL LR T RS A1)
WEIRPIERE . SRR TS Wl d i i F T,
IATTHE R W] RE 2 LU/ 23 7 B A HUES G & e it
Jr 3 IS E AR 1), XIE A F T - W
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Transport and Uptake of Chromium Chloride and Chromium
Picolinate in Caco-2 Cell Monolayers

Long-Ying Zha, Zi-Rong Xu*, Min-Qi Wang, Liang-Ying Gu
(Institute of Feed Science; The Key laboratory of Molecular Animal Nutrition, Ministry of Education, Zhejiang University, Hangzhou 310029, China)

Abstract In order to investigate the uptake and epithelial transport characteristics of chromium chloride
and chromium picolinate in small intestine, a human intestinal epithelial cell model Caco-2 in vitro cultured was used
to study the effects of time, concentration and temperature on uptake and transport of chromium chloride and
chromium picolinate. The results showed that the uptake and transport of chromium chloride and chromium picolinate
were increased linearly with the increase of concentration and incubation time, and were inclined to be decreased
(P>0.05) when the incubation temperature was lowered from 37 “C to 4 ‘C. The apparent permeability coefficient
(P,,,) of chromium chloride and chromium picolinate from apical to basolateral was similar to that from basolateral
to apical (0.95-1.41 fold and 0.84-1.07 fold respectively). The uptake rate of chromium chloride and chromium
picolinate was (0.88+0.08)% and (4.73+0.60)%, respectively. The transport rate of chromium chloride and chro-
mium picolinate was (2.11+£0.05)% and (9.08+0.25)%, respectively. Thus, the uptake and transport of chromium
chloride and chromium picolinate were passive diffusion as the dominating process.
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