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Fig.1 Conventional Transwell plate and schematic
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diagram of Caco-2 cell model
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Fig.2  Anti—proliferation mechanism of functional food extracts inducing apoptosis through mitochondrial pathway

in Caco—2 cell model™
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Table 1

7 Caco-2 AMEE R IR MR MBI A K AN FIIBTE P& HE R 1E

Antioxidant, anti-inflammatory, anti—proliferation and anti-cancer properties of functional food extracts (FFEs)

using Caco—-2 cell line

I B MR o

Jr o 3% SR AL A oy fe Ak A 1E A AL KLk
ZWF PP HEm LN Caco-2 = EAhy926 £ Tran- % IL-8 VEDF, #4itmleAie % & Ffatm  [41]~[43]
& swell &35 5% L 18) £k T 4T 69 B 3% B A7 )

o7 ELL KRR A ® Caco-2 #£4 DMEM # T-75 3% ROS.IL-1b # 5 # PGE-2 #= IL-8 %
HMaE FHL P R IR B,y A NF-kB #& 12 F iR
T % B3R R Caco—-2 f£ DMEM 3 7 m ¥ 3% NF-kB.MAPK F # JNK i % .iNOS
I F2 COX-2 & F A
Granny Smith ¥ 3£ & Caco-2 £4 MEM # T-75 3% 4 & 4 . LiABAMWE LR, S ALAiEFs  [44]~[47)
HHFERRS A I ok Ak H Bk ¥ mRNA & ik, T NF-
kB,IL-6, TNF-a mRNA % i&
Lk R P 49 % Caco—2 £ DMEM 3% 7k m o 3% B3 H0,+1L-1B % F 04 m fo M 2 e
B A a4 I H KA F fe BB H KL AL B
P& Y IL-8  TNF-a IL-6 #= COX-2
G b ik
WY P itEE R Caco-2 f£4 MEM # 24 % 48 H,0, # %% (IL)-1B.IL-6.IL-8 #=
LAhETOhEE 3L Transwell ¥ 3% & TNF-« #9 BeA&, P9 30 R AL B o LA
a9 e
HCHR b By £ 3R T Caco-2 f£ 4 DMEM # 6 3L MAP i 8 NF-kB.JNK1/2 5 8 1t 49
Transwell ¥ 3% 7% A F AR R 1L-6.11-8 #= NO ¢ = 4
H AN E Z(RR) Caco-2 £ 4 MEM # T-75 ¥ #AA TNF-o % 569 20 J0 B F 1L-8 B30k [48],[49]
A2k % Z (CND) 4 ¥ P4 VB AR B HACHE i RAL A S
Ha B ERRY e Ik e B MK AL B AL ) B 0 S 5
B4z kB E AR Caco—2 f£ MEM 3% 7 m ¥ 3% 3% S % BAC 0 AR B
AR R AR Caco-2 4 DMEM & T-25 & 4t &R & | @ & % ¢ # ,Caspase-3 & 1k, [50]
T-75 300 F 3 70 L ROS A s IR ¥, 40 s 2 4 P Ao B £
A F o A ER R I Caco-2 f£ DMEM 3% ff sz o 32 4038 54 3/7 e fe Caco—2 %8 Jie F A [51]~[53]
£
& bk ik Caco-2 f£4 DMEM & T-75 ¥ MR AL A P PR OBCR 2 5L AR B ER IR
FHL A (MFGM)
Gk H WG K2 Fe BE R Caco—-2 . Hela Jeg-3 #= JAR & BV ROS #9 = &
Y 4~ RPMI1640 3% 7~ 3k &9 T-75
¥ &M F ¥ & ;MC3T3 -E1
MG63 #= HDF % 4 DMEM #)
T-75 #IH P 3
K& Caco-2 4 DMEM & T-75 3% 4t ¥ # . LA Caspase-3 # F Caco-2 %0 &L A [54]
FAL P 3 A wE T B4R 1L-6 F» TNF-a 89 & 3%
FARGEAL P IRIRG  Caco-2 £ MEM 3284 F 34 Hikiz B 4z B EshAtm e miE AW, [55~57]
T EOM R4 G B A% ABCA1 ,ABCGS #= LXRa #9 & ik /K F

(SDF)

¥4k SDF L | 4K e B 8% 0K Fo &
PRGES SRR S




368 BOE B W 2R ) 2022 4E 45 10 1]
(&E&R1)
AL S o AR h 4 AF A 1 A AL 32 PE T
FEAp £ A
FAMMGEW AL Caco-2 /£ 4 DMEM #5 6 iL B &K m B e ) B AR B 6 s,
Transwell ¥ 3& 7
I di A %4 P 4R Caco—2 /£ 4 DMEM # 12 3L A7 %) HMG-CoA £ R 8 7& b 55 A% A
B v B A T 8L Transwell ¥ 3% B B2 5 & M
ZaEGMy Caco-2 /£ MEM 3%/ m 355 4K H & GLUT2 #= SGLT1 %A T [58], [59]
LR
Ak F a4 ok £ 4 Caco-2 £ 4 DMEM # 12 3L Bt 5-F 6K, MG E K
Transwell ¥ 3% 7% ;HuTu-80 /& (GLP-1) #= 4t B ACH ;a—F] 2 48 5 B
4 MEM ¢ 24 3L Transwell ¥ o K
=
LB A AW A B3 Caco—2 MCF-7 /£4 DMEM %5 4 M 9B . HBEW a—RH 8 o—F 35587 [60]
B 43 44 B R 96 L Transwell ¥ 3% % oOAE K BB RAAFE G KK
ECINEE
i

JEE G H DA WA O RRAE T SRR S R
R & BB, WA E S BRI 8
Fr R MAFAEIE UL KA A AR DR B A OC0
/N X SR W SO A LI B 4 IR A T R i
18 F R AN SE B, FE B Caco—2 4i A Y
T, AR R b i BT A0 AR X BT
AP S FIRE R T 14 AR LA R A BL % 2 W) JE
JRCE B TR, WAL H AR A5 W 7E 73 Caco-2
B A I AR SN A A P A ) A RE Y 5
Wz —

VT AR R 434 1) Caco-2 AHMIBTAL AT T
KA YRR sE, EEEPLELTIL
ANTT I

1) FERgEhy BeE R X EANE
LR AL R ZEAF T 0 LR W) A 22 S AR, B
i S 7 2 R SR AR ) A B AR Caco-2
AR AT A T AR M R A% B X A 0 A
IRZ I, BLTH AR TR P 0% g AR 1T FE 2 B2 Wi 43 A
SR ZE G 3 AT B2 0 A A, 2 P Y 22 1
FW it EGCG TE W FE RIS L0 T, L REHM il J B4

PR, XX R 98D 2% 51 19 98 P 2 2 1R
A SR,
2) IR TR — AT %

B A MLAE [ AR B A KR (SLN) P, 6 LA SEN

TR EREHEE, RSP IEIR A KR
TR B AR A R/ IN R 3R T HL 67 52 ) B AT D AE AR A
ST RUR IR B ORA N, 7 0 S TR o o e o 7
H kT LA, [ R R TR 4 KR Hp ) 2 2R Lk
BiE R bR A, (A R BB Hh Y A R
P R s T 12 f5 0L B

3) E IR O A X AR W R R )
F T b Caco-2 4 UM A fiF 55 W, 5
R 0D R SRR R B L R T S -
PR RAE R o il e T RIRTK B MR 4h -4 /E R A
245 W (NaCAS-VA) sl M % 2 IR -4k A= R
A 5% (SNaCaS-VA) FEZF & 5 W, TE A H
flast R v, W5 i R P RN G R R A -4k A=
EALZGYNER P AR A SR, s
WRFEW, RRIAEALEERE RN E A #
A R RE 1 Tl B S A = AL,

4) EIRY LR 5 A YRR B OE R
THAE T X 45 A H 2 (PFSP) A (1 1 5 1 3l A= 4 #)
FHEE AT T8, FF 5 200 48 @t 09 A4 P A
HEAT T HO B 1 AT v i ARty B2 C3 A
FPRETT M PESP w9 A6 811 [R] B 35 A 05 i —
RS, 5 AR KE Z 2T/ 4 0 e A Al H
ik £ AL €5 X6 4 A A5 0L T k26 B0 B Y IR T
77, TE W B KV B B AR 23 53 0 298 30% 1 459617,



2286 %10

Caco-2 27 A AR R 3% & o 2 Ak B F 69 O AR & 3L 2h e AT 7 2t R 369

5) B I A 5 3R 5 A= WA P R B S
Caco—2 4 Jitl 73 A 455 784 5 e FH ke 000 98 Ak 7 9

B AR EE R A A E Y H T R Z I, R
LA UK A A BB s AR A R R PR
FERK, ATAE S Dy R £ J5URH R U R Bl
R 5 26 B |, Stracchino (378 [ 22 R R 4K 475 1% ) A1
mbe  (—FURR 32 OR3P AR TRK A 57 )
AA REFmiE A A I, ZB7Em 6
P fr 0]
3.2 HHIEHLH

FET b Caco-2 A MIAE Y AN AT LLPFAL
Y E SR B ANR Y B E A, T L
A ARG R E 2500 T MR I L . NN E SR
RS a @ LR 4 Fpor S g 1 Fhel 2 Fh
SEIL WS PTE ASS e  BURA S s F N
AR,

FIH Caco—2 4 i A5% 78 X 35 1+ R 1 W i e
i 77 AT TS, B s gy K 7 ol
I, FIBNEE FERTE Caco-2 4 5 ia 2 W I |
B2 pH {8 S P—gp IR 95200, P—gp 25 T
BT IRER T, R AN [m] W SAIL ) (P A AR
FH R A0 L 55 3 42 ) 0 R S 1 0 0 ) a4 o )
(Wortmannin A1 40 g ¥ 5t 28 D) ¥ 4y T 22 Wik B
(AVNs) BB e e am i A2, 45 R o 7 40 MO AR i
# D116 F,3 Fl' AVNs (9 Papp {34 2 % 14,

D P FMmTE MRS

st
TIEXL]
/ Frmem  FER
R 1
A 7z

fn A Wortmannin Ji5 Jc B 28 4k . B ixX 3 Ff
AVNs 2 i ok 4 Jf 55 i3 45 W Wi g A e T
Caco—2 4l o A B Y WSCRL A BIF 5 i, 0 52 il 46 e
BAE Caco—2 A MIAEHY | 5% 12 FRAE AY PR (AL 45 vk
JiE I T] B 8 A jm R P-WE R ) BEAT H 4R, Y
A P-¥EE H A HIA S, 259 BL 15 AP il
(155 iz 1 1 & 00 T i AP 3] BL I i) 3% iz 5
B ERE TN B BERLAE Caco—2 4IMI I 5438 17 1E —
{14 Ve i B Isf (B AR P8 | L P—H 2 1 A 5 0 e Bk 7
Caco-2 il 5552, i ok i 5 9 3k R A 7E B
pH 200 T By R e M T B Caco—2 241 i 4 UK (1)
B PPAN T 30 2 Bk L B b sE R B
PR A 1A S 1 DA A 300 o R (SN R ) el 8k R 1
it Caco-2 4l M iy 5% 12 FEAIR T 30% , MR A &
19 N A VR B 2 9 S8k B 1 3 A Caco-2 2
it B2 1 e i i AR
3.3 R EH

FIHI 53 AR Caco—2 4 MUAS 7R GIE W 1M W g
TN W R T AR, e w i b R 20 B O 2 i
W iE LA 2 Fp gy AR, A4S A Y 53 08 AR 58
Tit Y TOU Sy 0 6 P SR, 0 PR AR R 2 — b o 2
AT EAR T, A /A6 Caco—2 21 b AR 3R
B LA R A2 20y T 40 R 0 309 1) T s 1 itk 2
BB, WhFEa R R W 1 B b BB ER 16 Al fiE
SR B R W B p) AR AR B ORI R

W (0F.1.14 XA

T g S P e

=
=

L R Qf

AR AN
| i | | it

3 BEERERTE Caco-2 M AEEE gy {541 HI e

Fig.3 Metabolic mechanism of hydroxycinnamic acid in Caco-2 cell model™""



370 hoE

M

2022 55 10 #1

Ja AL, B2 B AN & Caco—2 i 52 1Y B
B E A . REN  Caco—2 4 B2 AT LUE A%,
0 TR A TR ) T A T TR R IR L 45 B 7T, 1
B R AR TARAD AR R S R R . AFE T
/N I R 2 ) 25 B R R IR A 1 B
R R, oG 4s TARMCIEG (40 (R P450
A5 K 1T ABARC I 3 2 i n] LA D 259 1 11 IR AR
WA EE, JF B 5 25 WA BAEH X 259 R ]
JIE A A 22 S A OGS

4 434¢ Caco-2 MR ER Mm-7iE
EERMARPHNEAR =
41 TEERENEARUKREEMTRE
2438 3 3B B Caco—2 41 g 455 760 35100 755 = 40
B AR BE ) 25 R4 ) 2 BNV 2 R 1Y 52
Wi, 4032 3 B AR BT | B AR pH B 2 L)
SRl E iR gt S, XERE RS S
AN FA SN S0 45 AR — 2 i Be s s
FEY I RS 1 b 20 i v i) L BE TIORL 45 & i
AR B, AR IE R AN R IR A T, Caco-2
20 N AN BE 7 A FLIBE GORE™ Ry 1 M pReax A [ i, A7
BRI Caco-2 AHHEXT Z RS N R W1
T W W, 7653 fE 19 Caco-2 HZ R AP RN T
TR A B B RR A SH-H il IR S i 57 1 Ca-
co—2 M43 W e & HH =R B AR R LB ALSI ) 5
— TR Y 5 AE TR A0 A0 R BT (ECM) AR A 1
Caco—2 i fBE A b () B S BE T . ECM & A7 R U8 T
/N ECM 2 YRR 2 A5 R 3k, e X A ekt
() Caco—2 Y rf {4 Ay 38 2 200 Jifd 55 328 i 1) 400 I 1)
Feis R W PR m ™, Xy R T e
Caco—2 20 J AR X5 A ) 1) 88 Tt ) o f 32
42 FASFEYERAREBIZEASNGIE
W5 FK W, Caco-2 4l )2 iz 1 . R
i FIA Z AR RIL 5/ M RBA T2 -8, 5
NN HR A, — 25 k5% 32 8 H 78 Ca-
co-2 HLE P RIK AL, Hph 3 R 25 E A
BCRP(ABCG2)7E Caco—2 4l i H i) 5% 57K F LU 7E
KW Ak 100 A5S, B T 540 H & & 1 19 i 18 40
JIRERINE R AT 5L, C A ZFh i kB
Caco—2 40 A=A | DI B AS R 06 ) 75 2, BLK
M5, Caco—2 20 L ASE 7Y 5 T 9 08 1 5 ok 4 435 i 1A

A e DR R BRI A A RS — T3 i
FEH N T3 a4 (HAC) 25 14 4 2 40 il £ 5 P450
(CYP)3A4 F1 NADPH -4l ffd & & P450 if 5 i}
(CPR)I:[FR] F ik 1) Caco-2 4l . ) FH G4 5
B Y AR 3 B F R ¥ CYP3A4-CPR-HAC # 1Ak #%
A Caco-2 #H i, XA 401 55 CYP3A4-CPR-HAC/
Caco—2 40 I8 o 2 2 0] KA & & /Y 5 i B BH
(TEER) {HF1— & ()38 % 4 , CYP3A4-CPR-HAC/
Caco=2 ZH i My AR I 76 & T2 A1 1 R 5
CYP3A4 1] Caco—2 Zf M5 Y iy A3 I Mk | X (1%
REME 7RG oA A LRl I, o 2 b A AR 8 4 ok
VAR 7 T8 AC IS, 5553 F) H BAR 43 A6 1 2 R st
& 15 B Caco—2 ZH i 8L 55 1 B A R IR UE AT
BT ERRE MR, RS R X R HEA TS IR Y
— BRI A A T

4.3 4 R 3B 3R B OF AR 40 A 1 4 B O RUER B
4.3.1 Caco-2 Al 5 HEAMMILKEFR Ig b
B R 0 T8 B A T AR TR 4 B 53 0 R T g
77, LT FRAR 20 B 1 B2~ Caco—2 A EL)Z A
REIE LT/ L B2 . i T B
JZ, 56 Caco—2 20 RS TR (1 52 % 38 375 14 A2 AIK
FARPE R T4 EAY Caco—2 4l HIAR 7 GE 5 TE
BLE ), Caco=2 41 M 5 7™ A= 36 2 11 1 40 B R
HT29-MTX 285 55 ] 73 b 25 W 1Y Caco-2/
HT29-MTX-E12 8% 3% fl Caco-2 HLJZ1E A K41
e s RS RY T O B R Al A v SRR R
FEVE R KT Caco—2 2 IR JZS, 1 FH i IR
FERERIAEGE T AW FL BT R AP VE T, &5k
Y, 24 B8 YR BE I F (TNF-o) H1 3 Caco—2/HT29
20 it o 2 B, 0 FL T B AR TL-8 /K-, 7R 5%
PRV 158 1 PR RE B e 4R A B, FH 8 19 02 Caco—2 Al
RAW264.7 285 2458 L RAW264.7 X g £ 4R #
U LPS T TR B ZH i R RAW264.7, S
NF-xB i& 4%, J 70 NO 1) 7 A= A0 i B 14 53 06
W IL-1B JIL-6 . IL-8 %5, tH T Caco-2 Fl RAW264.
7 S A B, LPS #4061 RAW264.7 H1 %) NO Fi1 %
PRI F 52 M Caco—2 L) il i LPS 148 4 4
L EA] 5 149 52 e 410 T 5 B I RE o K g A Y S A 1)
Z Tl 4t i IR - 5 6% T B2 A AT DL S B W R
JOF TG AS g L2 8 — ol 24 L PR 50

43.2 757 3D Caco—2 UMY  JigiE 2 — 4k



2286 %10

Caco-2 27 A AR R 3% & o 2 Ak B F 69 O AR & 3L 2h e AT 7 2t R 371

WM, 2R 4 R AR DL 4ERE I Y
7B Th e . —4E Caco—2 40 B RYR BE HERR R
T IR, AN E X i 18 20 6 fa] ) HR PR R AT PR A 5T
ik, ¥ & Caco-2 4 —4E (2D) 2 =4k
(3D) 40 i A AR T 4y HE B, B9 i L R Al
How 4 i 2 18] AR AR i, — IR ST T
—F 3D A A i 1 L 5T AR R0 (3D-ISE) , B H A
/NG B KT VAR 4 RE 48 (ISEMF ) 2 A H £ 28 g
HNIETRZH N, ARG ¥ Caco—2 Flvil 21 i F 5l K 1k
) 400 M5 R ) A B A b A B R XA TR AT B
I, BRI B R A L e 12t S5 SR 7
SUEETTHE N T GRS TE R FI E
WL AN, BT R 40 A A 2 D) RE R
A5 UG ARE W 7 A AR R BB M, I R
— GG SRS R R RO, B A
T AR SR AE 1Y = 4 i 18 45000

433 HAEBE-EMRERSE kit
DA AU ST T — R AL R W T — 1A B
RYGRME R E A Z A BAE . B Rz
4 i (Caco—2) 5 IfL 45 N Bz 4i il (HUVECs ) 75 Ui 31
oS A B3R R 5 d iz F BT T R
F T 5 | A B g 8 408 45 R R RE S B ) IR PE A T
T FLFF o AT AR TR RO . R — B S
B8 1A A gy 18 W SR AR Caco—2 4 it 38 &7 7F Tran-
swell g2 2 /0 3 J5 | LAk i B i 18 Wl 2
REMAREAL | 55 2 1 g fef B G Lb A9 2, S TR 9 405 2R
38 T 3 85 2 e A A e b AR T B
AR HE T W L B 20 1 3 B DL RO S RN
Y5300 o A ot b ] S P I Sl g A it st 2%
SR g R 0 MR B 0 A Ak R SORR AR a8 T Y
S1EG AR IR T E AR, O A s R A
TRZ AR m, AT DASR AR — > T 422 300 % 44K 1) 48 M P 355
DABA O A5 H 5 0] 5 09 20 BT 25 3% AE R MBI 5 i 32—
A A B AR DA R A 0 B A i S B AR
FHANAILE 77 180 S R A T

5 %Hig

N T o SRR B A SR O TR iR
JYRIRAR R 1 A0 A A R ISR A A
J =2 6] B 35 HL AR ELAR T o T Caco—2 20D 5
JEAE NV 0 M A, R LR A Y D RE

B S B AN [R)VE AL . 72 Caco—2 4 i At
B IR AR & rpoa] DLW SE 2 2 58 PE 1 2 HU i 4
B U R L] P 2 2R W) TG L DR VE R
WY Te dn R AR v 22 0ok Tl Beas | AR SRR
b, AR R D REPE B R Y HAT A [ 1 5% A AL
il o ST HIRT Caco—2 A JAARYHEAT T AN W] 5 =X 19 2
HE AT LABRAR B 35 2R G000 LG 2R, R B2 15 A= 1 )
FHEE AW B, A o7 1 L 3 1R R o W DDA 1L
SIEEZ\S: A8

Caco—2 20 L T LAk Ty BE 1 £ i 42 HU 9 1) ok
FEIRHEE IR AR T % . 345 B9 Caco-2 i B
WG LR AR R, IR & R R 2 AR
LI = N e TN e AN TSP, 7l
FEAH B, Caco—2 21 M A7 7E — 2L i 5l R FR M, 4n
AE F1%) 240 J 55 368 37 P R g BE RT3 B AT
WESE, LA Caco-2 4L EERE Z
ATET Caco-2 M A FW)Z . 71— X512
Caco—2 21/ 5 J2 240 il b e T 22 ) AU CYP3A4
KR35 ,CYP3A4 s AR b R v 32 22 1 245 4 AL g8
Mg, HEPRFR IR AR, SR NIREEA L, Caco-2
200 it 45 SURN A0 HERS 12 4 1 B R A mb AT 3
WRZEM R, AT IXLERR ], 25 W38 i Caco-2
RS SRS H X AR F g
i, I, Caco—2 HLJZJ& — i KR ST

YT A5 B Caco—2 4 M A5 7 AN BE 5 4 A5
WA E WA GONE S A oy
A Wy 2 R A i 8 3 4 5 T 4 AR S B9 Caco-2
MR R AT T R WG, PR T —Fde A
(UN7BTER & S DS NS A8 1 B4 e N EES B T YN
F, BRI R BoR IR EE M B4
TERAR Y & B R R ), X RE S THAE R E Y
BV, TEARAKWITE T, 7Y Caco-
2 20 A RN W G AE B TR B A ] S R LR
TR N RIS, WF ST A AR w0 AR AR A
FH T R - TE A BLAE 5047

Z £ X #t
[1] VERSCHUREN P M. Functional foods: Scientific and

global perspectives [J]. British Journal of Nutrition,
2002, 88(S2): S126-S130.



372 OE A IR 2022 4£45 10 )

[2] ASHWELL M. Concepts of functional food[J]. Nutri- differentiated Caco-2 cells[J]. Journal of Toxicology,
tion & Food Science, 2004, 34(1). 47. 2018, 32(2):. 87-92.

[3] PLASEK B, LAKNER Z, KASZA G, et al. Con- [12] GAO D, LIU H, JIANG Y, et al. Recent develop-
sumer evaluation of the role of functional food prod- ments in microfluidic devices for in wvitro cell cul-
ucts in disease prevention and the characteristics of ture for cell-biology research[]]. Trends in Analytical
target groups|J]. Nutrients, 2020, 12(1): 69. Chemistry, 2012, 35: 150-164.

[4] SADEGHI E S, ISKANDAR M M, SLENO L, et [13] BHAT M I, KAPILA S, KAPILA R. Lactobacillus
al. Absorption and metabolism of phenolics from di- Jermentum  (MTCC -5898) supplementation renders
gests of polyphenol —rich potato extracts using the prophylactic action against Escherichia coli impaired
Caco-2/HepG2 co—culture system[]J]. Foods, 2018, 7 intestinal  barrier function through tight junction
(1): 8. modulation[J]. LWT, 2020, 123. 109118.

[5] XU Q, HONG H, WU J, et al. Bioavailability of [14] MARMOL 1, JIMENEZ -MORENO N, ANCIN -
bioactive peptides derived from food proteins across AZPILICUETA C, et al. A combination of Rosa
the intestinal epithelial membrane: A review [J]. Canina extracts and gold complex favors apoptosis of
Trends in Food Science & Technology, 2019, 86: Caco-2 cells by increasing oxidative stress and mi-
399-411. tochondrial dysfunction [J]. Antioxidants, 2019, 9

[6] SCHRECK K, MELZIG M F. Intestinal saturated (1): 17.
long —chain fatty acid, glucose and fructose trans- [15] GE Z, NIE R, MAIMAITI T, et al. Comparison of
porters and their inhibition by natural plant extracts the inhibition on cellular 22-NBD-cholesterol accu-
in Caco-2 cells[J]. Molecules, 2018, 23(10). 2544. mulation and transportation of monomeric catechins

[7] BERMUDEZ -BRITO M, MUNOZ —-QUEZADA S, and their corresponding A —type dimers in Caco -2
GOMEZ-LLORENTE C, et al. Lactobacillus paraca- cell monolayers|J]. Journal of Functional Foods, 2016,
set CNCM 1-4034 and its culture supernatant modu- 27. 343-351.
late Salmonella —induced inflammation in a novel [16] WANG D, WILLIAMS B A, FERRUZZI M G, et
transwell co —culture of human intestinal -like den- al. Microbial metabolites, but not other phenolics
dritic and Caco-2 cells[J]. BMC microbiology, 2015, derived from grape seed phenolic extract, are trans-
15(1): 1-15. ported through differentiated Caco-2 cell monolayers

[8] SEVIN E, DEHOUCK L, FABULAS-DA COSTA [J]. Food Chemistry, 2013, 138(2/3): 1564-1573.
A, et al. Accelerated Caco -2 cell permeability [17] CHEN K, ROCA M. In witro bioavailability of
model for drug discovery|J]. Journal of Pharmacologi- chlorophyll pigments from edible seaweeds|]]. Journal
cal and Toxicological Methods, 2013, 68(3): 334- of Functional Foods, 2018, 41 25-33.

339. [18] DENARO M, SMERIGLIO A, DE FRANCESCO C,

[9] PEREIRA-CARO G, MATEOS R, SAHA S, et al. et al. In vitro intestinal transport and anti—inflamma-
Transepithelial ~transport and metabolism of new tory properties of ideain across Caco -2 transwell
lipophilic ether derivatives of hydroxytyrosol by ente- model[J]. Fitoterapia, 2020, 146. 104723.
rocyte—like Caco-2/TC7 cells[J]. Journal of Agricultu- [19] #&oca, sk, PR, 5. AURALT 40 M 36 1% 5% &
ral and Food Chemistry, 2010, 58(21): 11501-11509. g o AL Ak i RO TR L R WS )). B4R

[10] NOLLEVAUX G, DEVILLE C, EL MOUALIJ B, et 2020, 34(2):. 17-21, 27.
al. Development of a serum-free co—culture of hu- CAI W J, ZHANG Y, CHEN X, et al. Metabolic
man intestinal epithelium cell-lines (Caco—-2/HT29- activation system based on co—culture system of hu-
5M21)[J]. BMC Cell Biology, 2006, 7(1): 1-11. man hepatocytes[J]. Journal of Toxicology, 2020, 34

[11] RESR, BFk, FM, . 3 FPOREMEEXTA [ 5 (2): 17-21, 27.

AR A Caco—2 4l JfL i 25 P VE I OF9C[)]. 77 30 2% 4% [20] SAAF A M, HALBLEIB J M, CHEN X, et al

&, 2018, 32(2): 87-92.
XIONG F, LIANG C L, YU Z, et al. Toxic effects

of three ZnO nanoparticles in undifferentiated and

Parallels between global transcriptional programs of
polarizing Caco-2 intestinal epithelial cells in wviiro

and gene expression programs in normal colon and



#22% 10 Caco-2 20 AL AL 4% R & 2 A B F &9 SO R A K o AE AT 70 3t 373
colon cancer|J]. Molecular Biology of the Cell, 2007, induced inflammatory response through regulating

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

18(11): 4245-4260.
EKMEKCIOGLU C, FEYERTAG J, MARKTL W.
Cinnamic acid inhibits proliferation and modulates
brush border membrane enzyme activities in Caco—2
cells[J]. Cancer Letters, 1998, 128(2): 137-144.
CABELLOS J, DELPIVO C, VAZQUEZ-CAMPOS
S, et al. In wvitro assessment of CeO, nanoparticles
effects on intestinal microvilli morphology[J]. Toxicol-
ogy in Vitro, 2019, 59:. 70-77.

VOLPE D A. Variability in Caco -2 and MDCK
cell-based intestinal permeability assays|J]. Journal of
Pharmaceutical Sciences, 2008, 97(2). 712-725.
HUBATSCH 1, RAGNARSSON E G E, ARTURS-
SON P. Determination of drug permeability and pre-
diction of drug absorption in Caco-2 monolayers|[J].
Nature Protocols, 2007, 2(9). 2111-2119.
ARTURSSON P, PALM K, LUTHMAN K. Caco-2
monolayers in experimental and theoretical predic-
tions of drug transport[J]. Advanced Drug Delivery
Reviews, 2001, 46(1/2/3). 27-43.

DAI Y, MENG Q, MU W, et al. Recent advances
in the applications and biotechnological production of
mannitol[J]. Journal of Functional Foods, 2017, 36:
404-4009.

SUN H, CHOW E C Y, LIU S, et al. The Caco-2
cell monolayer: usefulness and limitations[J]. Expert
Opinion on Drug Metabolism & Toxicology, 2008, 4
(4): 395-411.

KAGNOFF M F. The intestinal epithelium is an in-
tegral component of a communications network [J].
The Journal of Clinical Investigation, 2014, 124
(7): 2841-2843.

MUSZYNSKA B, GRZYWACZ A, KALA K, et al.
Anti —inflammatory potential of in wvitro cultures of
the white button mushroom, Agaricus bisporus (A-
in Caco -2 cells [J].
2018,

International

20 (2):

garicomycetes ) ,
Journal of Medicinal Mushrooms,
129-139.

KIM M S, KIM J Y. Cinnamon subecritical water
extract attenuates intestinal inflammation and en-
hances intestinal tight junction in a Caco-2 and
RAW?264.7 co—culture model[]].
2019, 10(7): 4350-4360.
CHENG C, ZOU Y, PENG J. Oregano essential oil

attenuates RAW264. 7 cells from lipopolysaccharide—

Food & Function,

[32]

[34]

[35]

(36]

[37]

[38]

[39]

[40]

NADPH oxidase activation—driven oxidative stress[J].
Molecules, 2018, 23(8):. 1857.

ZHANG Q, TONG X, SUI X, et al. Antioxidant
activity and protective effects of Alcalase—hydrolyzed
soybean hydrolysate in human intestinal epithelial
Caco—-2 cells[J]. Food Research International, 2018,
111: 256-264.

XIANG J, YANG C, BETA T, et al. Phenolic pro-
file and antioxidant activity of the edible tree peony
flower and underlying mechanisms of preventive ef-
fect on H,0,-induced oxidative damage in Caco-2
cells[J]. Foods, 2019, 8(10): 471.
HANSAKUL P, AREE K, TANUCHIT S,

Growth arrest and apoptosis via caspase activation of

et al.

dioscoreanone in human non-small-cell lung cancer
A549 cells[J]. BMC Complementary and Alternative
Medicine, 2014, 14(1). 1-12.

TAPIERO H, TEW K D, BA G N, et al
Polyphenols: Do they play a role in the prevention
of human pathologies? [J]. Biomedicine & Pharma-
cotherapy, 2002, 56(4): 200-207.

SADEGHI EKBATAN S, LI X Q, GHORBANI M,
et al. Chlorogenic acid and its microbial metabolites
exert anti —proliferative effects, S —phase cell —cycle
arrest and apoptosis in human colon cancer Caco—2
cells[J].
2018, 19(3): 723.

ZAKYOS-SZYDA M, PAWLIK N, POLKA D, et

al. Viburnum opulus fruit phenolic compounds as

International Journal of Molecular Sciences,

cytoprotective agents able to decrease free fatty acids
and glucose uptake by Caco-2 cells[]J]. Antioxidants,
2019, 8(8): 262.

ZHANG Q, LUNA-VITAL D, DE MEJIA E G.
Anthocyanins from colored maize ameliorated the in-
flammatory paracrine interplay between macrophages
and adipocytes through regulation of NF -kB and
JNK-dependent MAPK pathways|J]. Journal of Func-
tional Foods, 2019, 54. 175-186.

ONTAWONG A, DUANGJAI A, MUANPRASAT C,
et al. Lipid-lowering effects of Coffea arabica pulp
aqueous extract in Caco-2 cells and hypercholes-
terolemic rats[J]. Phytomedicine, 2019, 52. 187-
197.

WANG F, ZHANG Y, YU T, et al. Oat globulin

peptides regulate antidiabetic drug targets and glu-



374 OE A IR 2022 455 10 1
cose transporters in Caco -2 cells [J]. Journal of [50] QUERO J, JIMENEZ-MORENO N, ESPARZA I, et
Functional Foods, 2018, 42. 12-20. al. Grape stem extracts with potential anticancer and

[41] KAMILOGLU S, GROOTAERT C, CAPANOGLU antioxidant properties|J]. Antioxidants, 2021, 10(2):
E, et al. Anti—inflammatory potential of black carrot 243.

(Daucus carota 1.) polyphenols in a co —culture [51] SKAYA E, SITAREK P, TOMA M, et al. Inhibi-
model of intestinal Caco -2 and endothelial EA. tion of human glioma cell proliferation by altered
hy926 cells [J]. Molecular Nutrition & Food Re- Bax/Bel -2 —p53  expression and apoptosis induction
search, 2017, 61(2). 1600455. by Rhaponticum carthamoides extracts from trans-

[42] NIETO J A, JAIME L, ARRANZ E, et al. Wine- formed and normal roots[J]. Journal of Pharmacy and
making by—products as anti-inflammatory food ingre- Pharmacology, 2016, 68(11): 1454-1464.
dients[J]. Food and Agricultural Immunology, 2017, [52] ALNAQDY A, AL-JABRI A, AL MAHROOQI Z,
28(6): 1507-1518. et al. Inhibition effect of honey on the adherence of

[43] RODRIGUEZ-RAMIRO I, RAMOS S, LOPEZ-OLI- Salmonella to intestinal epithelial cells in wvitro [J].
VA E, et al. Cocoa polyphenols prevent inflamma- International Journal of Food Microbiology, 2005,
tion in the colon of azoxymethane —treated rats and 103(3). 347-351.
in TNF-a-stimulated Caco-2 cells[J]. British Journal [53] SHALOM J, COCK 1 E. Termindlia ferdinandiana
of Nutrition, 2013, 110(2). 206-215. Exell. fruit and leaf extracts inhibit proliferation and

[44] WU H, LUO T, LI Y M, et al. Granny Smith ap- induce apoptosis in selected human cancer cell lines
ple procyanidin extract upregulates tight junction [J]. Nutrition and Cancer, 2018, 70(4).: 1-15.
protein expression and modulates oxidative stress and [54] MAO C, YU Z, LI C, et al. The functional prop-
inflammation in lipopolysaccharide —induced Caco -2 erties of preserved eggs: From anti—cancer and an-
cells[J]. Food & Function, 2018, 9(6): 3321-3329. ti—-inflammatory aspects|[J]. Korean Journal for Food

[45] PRAENGAM K, MUANGNOI C, CHAROENKI- Science of Animal Resources, 2018, 38(3): 615-628.
ATKUL S, et al. Antioxidant and anti—inflammatory [55] GUO W, SHU Y, YANG X. Tea dietary fiber im-
activity of aqueous fraction from Albizia lebbeck proves serum and hepatic lipid profiles in mice fed
leaves|J]. International Food Research Journal, 2017, a high cholesterol diet[J]. Plant Foods for Human
24(3): 1174-1185. Nutrition, 2016, 71(2): 145-150.

[46] XU J, MOJSOSKA B. The immunomodulation effect [56] GRASSO S, HARRISON S M, MONAHAN F J, et
of Aronia extract lacks association with its antioxi- al. The effect of plant sterol—enriched turkey meat
dant anthocyanins [J]. Journal of Medicinal Food, on cholesterol bio—accessibility during in vitro diges-
2013, 16(4): 334-342. tion and Caco-2 cell uptake[]]. International Journal

[47] GUINA T, DEIANA M, CALFAPIETRA S, et al. of Food Sciences and Nutrition, 2018, 69 (2):
The role of p38 MAPK in the induction of intestinal 176-182.
inflammation by dietary oxysterols: Modulation by [57] ARANTES A A, FALE P L, COSTA L C B, et al
wine phenolics[J]. Food & Function, 2015, 6(4): Inhibition of HMG -CoA reductase activity and
1218-1228. cholesterol permeation through Caco-2 cells by caf-

[48] DENIS M C, DESJARDINS Y, FURTOS A, et al feoylquinic acids from Vernonia condensata leaves|J].
Prevention of oxidative stress, inflammation and mi- Revista Brasileira de Farmacognosia, 2016, 26(6):
tochondrial dysfunction in the intestine by different 738-743.
cranberry phenolic fractions [J]. Clinical Science, [58] LIN S T, TU S H, YANG P S, et al. Apple
2015, 128(3): 197-212. polyphenol phloretin inhibits colorectal cancer cell

[49] AN J, LIU J, LIANG Y, et al. Characterization, growth wvia inhibition of the type 2 glucose trans-

bioavailability and protective effects of phenolic—rich
extracts from almond hulls against pro—oxidant in-
duced toxicity in Caco-2 cells[J]. Food Chemistry,
2020, 322: 126742.

[59]

activation of p53 —mediated signaling|[J].
Journal of Agricultural and Food Chemistry, 2016,
64(36): 6826-6837.

MARTINEZ -SAEZ N, HOCHKOGLER C M, SO-

porter and



2286 %10

Caco-2 27 A AR R 3% & o 2 Ak B F 69 O AR & 3L 2h e AT 7 2t R

375

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

MOZA V, et al. Biscuits with no added sugar con-
taining stevia, coffee fibre and fructooligosaccharides
modifies « —glucosidase activity and the release of
GLP-1 from HuTu-80 cells and serotonin from Ca-

cells after in witro digestion [J]. Nutrients,

2017, 9(7): 694.
AYYASH M, AL-DHAHERI A S, AL MAHADIN

S, et al. In vitro investigation of anticancer, antihy-

co—2

pertensive, antidiabetic, and antioxidant activities of
camel milk fermented with camel milk probiotic: A
comparative study with fermented bovine milk [J].
Journal of Dairy Science, 2018, 101(2): 900-911.
WOy, 4ok E, ZREE, 4F. Caco—2 4 ifl i AW
REBE Sy | PP B H A R R ORI 5 v A R
[CY/55 U v [ 2 R R 2. b [ 3 7 i LA 5T
£, 2010.

YANG F, JIN Y G, CAI C X,

ment, assessment and application to nutrient absorp-

et al. Establish-

tion of Caco-2 cell in wvitro absorption model [C]//
The 9" China Egg Technology Conference. The Chi-
na Animal Products Processing Research Associa-
tion, 2010.

MAN Y, XU T, ADHIKARI B, et al. Iron supple-
mentation and iron—fortified foods: A review[]]. Crit-
ical Reviews in Food Science and Nutrition, 2022,
62(16): 4504-4525.

ROUSSEAU S, CELUS M, DUIJSENS D,

The impact of postharvest storage and cooking time

et al.

on mineral bioaccessibility in common beans[]J]. Food
& Function, 2020, 11(9): 7584-7595.

PENG Y, XI J, SUN Y, et al. Tea components
influencing bioavailability of fluoride and potential
transport mechanism in the Caco-2 cell line model
[J]. International Journal of Food Science & Tech-
nology, 2020, 55(4): 1792-1799.

KAKKAR V, SINGH S, SINGLA D, et al. Explor-
ing solid lipid nanoparticles to enhance the oral
bioavailability of curcumin[J]. Molecular Nutrition &
Food Research, 2011, 55(3). 495-503.

ZHOU H, ZHENG B, ZHANG Z, et al. Fortifica-
tion of plant—based milk with calcium may reduce
vitamin D bioaccessibility: An in wvitro digestion
study[J]. Journal of Agricultural and Food Chemistry,
2021, 69(14). 4223-4233.

JOKIOJA J, YANG B, LINDERBORG K M. Acy-

lated anthocyanins: A review on their bioavailability

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

and effects on postprandial carbohydrate metabolism
and inflammation[J]. Comprehensive Reviews in Food
Science and Food Safety, 2021, 20(6): 5570-5615.
XIE N, LIU S, WANG C, et al. Stability of casein
antioxidant peptide fractions during in wvitro diges-
tion/Caco—2 cell model: Characteristics of the resis-
tant peptides[J]. European Food Research and Tech-
nology, 2014, 239(4). 577-586.

BASILICATA M G, PEPE G, ADESSO S,
Antioxidant properties of buffalo -milk dairy prod-

et al.

ucts: A PB-Lg peptide released after gastrointestinal
digestion of buffalo ricotta cheese reduces oxidative
stress in intestinal epithelial cells [J]. International
Journal of Molecular Sciences, 2018, 19(7). 1955.
SUN H, CHOW E C Y, LIU S, et al. The Caco-2
cell monolayer: Usefulness and limitations[]J]. Expert
Opinion on Drug Metabolism & Toxicology, 2008, 4
(4): 395-411.

BEBE, FALZ, £, % WE TR Caco-2 4
it A Y e iy W W e s B S (D). b 2 B o AR,
2020, 36(8): 1183-1184.

CHENG Z 7, ZHOU B H, JIANG S, et al. Ab-
sorption and transport of gallic acid in Caco-2 cell
model[J]. Chinese Pharmacological Bulletin 2020, 36
(8): 1183-1184.

CHEN C, LI T, CHEN Z, et al. Absorption rates
and mechanisms of avenanthramides in a Caco -2
cell model and their antioxidant activity during ab-
sorption[]J]. Journal of Agricultural and Food Chem-
istry, 2020, 68(8): 2347-2356.

WA, O, B, SE. BIEEGITE Caco-2 A AR
ol R BT SET). RO R 2 R AR A i, 2020,
39(5): 60-65.

MENG J, SU R, LIAO Y, et al. Absorption mech-
anism of rhynchophylline in the Caco-2 cell model
[J]. Journal of Anhui Traditional Chinese Medical
College, 2020, 39(5): 60-65.

PERFECTO A, RODRIGUEZ -RAMIRO I,
DRIGUEZ -CELMA ],

under gastric pH conditions determines the mecha-

RO-

et al. Pea ferritin stability

nism of iron uptake in Caco-2 cells[]J]. The Journal
of Nutrition, 2018, 148(8): 1229-1235.

INABA M, MUROTA K, NIKAWADORI M, et al.
Extracellular ~ metabolism -dependent uptake  of
lysolipids through cultured monolayer of differentiated

Caco =2 cells [J]. Biochimica et Biophysica Acta



376 SRS TN S e 2022 4E 45 10 4]
(BBA) —Molecular and Cell Biology of Lipids, [84] HUA F, SHI M, ZHU X, et al. Transport and up-
2014, 1841(1). 121-131. take of clausenamide enantiomers in CYP3A4—trans-

[76] KERN S M, BENNETT R N, NEEDS P W, et al. fected Caco-2 cells: An insight into the efflux—
Characterization of metabolites of hydroxycinnamates metabolism alliance [J]. Biochemical Pharmacology,
in the in vitro model of human small intestinal ep- 2015, 98(1): 224-230.
ithelium Caco-2 cells[J]. Journal of Agricultural and [85] TAKENAKA T, KAZUKI K, HARADA N, et al
Food Chemistry, 2003, 51(27):. 7884-7891. Development of Caco—2 cells co—expressing CYP3A4

[77] LAURENT C, BESANCON P, CAPORICCIO B. and NADPH —cytochrome P450 reductase using a
Flavonoids from a grape seed extract interact with human artificial chromosome for the prediction of
digestive secretions and intestinal cells as assessed intestinal extraction ratio of CYP3A4 substrates [J].
in an in vitro digestion/Caco-2 cell culture model[]]. Drug Metabolism and Pharmacokinetics, 2017, 32
Food Chemistry, 2007, 100(4): 1704-1712. (1): 61-68.

[78] NISHIMURA M, NAITO S. Tissue —specific mRNA [86] XIE J, YU R, QI J, et al. Pectin and inulin stim-
expression profiles of human phase | metabolizing ulated the mucus formation at a similar level: An
enzymes except for cytochrome P450 and phase 11 omics—based comparative analysis|J]. Journal of Food
metabolizing enzymes|J]. Drug Metabolism and Phar- Science, 2020, 85(6): 1939-1947.
macokinetics, 2006, 21(5). 357-374. [87] WANG F, YANG Y, JU X, et al. Polyelectrolyte

[79] UNGELL A L B. Caco-2 replace or refine?|[J]. Drug complex nanoparticles from chitosan and acylated
Discovery Today: Technologies, 2004, 1(4). 423-430. rapeseed cruciferin protein for curcumin delivery[J].

[80] REBOUL E, BOREL P. Proteins involved in up- Journal of Agricultural and Food Chemistry, 2018,
take, intracellular transport and basolateral secretion 66(11): 2685-2693.
of fat —soluble vitamins and carotenoids by mam- [88] LI P, NIELSEN H M, MULLERTZ A. Impact of
malian enterocytes [J]. Progress in Lipid Research, lipid —based drug delivery systems on the transport
2011, 50(4). 388-402. and uptake of insulin across Caco-2 cell monolayers

[81] DURING A, HARRISON E H. An in vitro model to [J]. Journal of Pharmaceutical Sciences, 2016, 105
study the intestinal absorption of carotenoids[J]. Food (9): 2743-2751.

Research International, 2005, 38(8/9): 1001-1008. [89] AN M J, CHEON J H, KIM S W, et al. Bovine

[82] LIANG E, CHESSIC K, YAZDANIAN M. Evalua- colostrum inhibits nuclear factor kB-mediated proin-
tion of an accelerated Caco -2 cell permeability flammatory cytokine expression in intestinal epithelial
model[J]. Journal of Pharmaceutical Sciences, 2000, cells[J]. Nutrition Research, 2009, 29(4). 275-280.
89(3): 336-345. [90] DE GREGORIO V, IMPARATO G, URCIUOLO F,

[83] SEITHEL A, KARLSSON J, HILGENDORF C, et et al. 3D stromal tissue equivalent affects intestinal
al. Variability in mRNA expression of ABC —and epithelium morphogenesis in wvitro[J]. Biotechnology
SLC—transporters in human intestinal cells: Compari- and Bioengineering, 2018, 115(4): 1062-1075.
son between human segments and Caco-2 cells[]]. [91] KANG T H, KIM H J. Farewell to animal testing:
European Journal of Pharmaceutical Sciences, 2006, Innovations on human intestinal microphysiological
28(4): 291-299. systems[J]. Micromachines, 2016, 7(7): 107.

Research Progress of Evaluating the Absorption, Metabolism and Function
of Food Functional Factors Using the Caco-2 Cell Model
Yang Mengyu, Zhong Hao, Yang Kai, Sun Yujin, Liu Xiaofeng, Guan Rongfa”
(School of Food Science and Engineering, Zhejiang University of Technology, Hangzhou 310014)
Abstract Caco-2 cells are derived from human colon cancer cell lines, which exhibit many characteristics similar to
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small intestinal epithelial cells like microvilli structure, brush-like edges, and tight junctions. It is currently the most
widely used and classic model about test in viiro. In recent years, with the development of cell culture technology. The
evaluation of the absorption and metabolism mechanism and function of food functional factors by cell model which has
become a research hotspot. This article starts with the establishment and evaluation methods of the Caco—2 cell model
and systematically summarizes the anti—inflammatory, anti—oxidation and anti—proliferation of functional food extracts in
Caco-2 cells. Then absorption, metabolism, and transport mechanisms in cells are combined to provide a prospect for
the development of the Caco—2 cell model in the field of co—culture. In order to improve the limitations of the Caco-2
cell model and lay the foundation for the further development of a cell culture model with high accuracy, high cost—ef-
fectiveness and closer to the internal environment.

Keywords Caco—2 culture model; food functional factors; mechanism of action; function evaluation; co—culture



