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(i =98%) , Kifk & CHEWHEARA B A 5 it
B 2 (HPLC =98% ) Bl = e 0l 1 i 6 it A= 1 4%
AR RS F ;D-Hanks 22 W . DU H 364 2 s 35
(MTT) ., BiAE WK DMEM K5 g% 3 | — F 3L 7 Al
(DMSO) Tris . H % & .SDS . Tween—-20 0.1%, 4t 5t
FRFERHEA WA ; M4 PBS 2 Mk, m
WAERFEEYEARAGR AR =AY E H s
T bR A BCA 2 1 iR &, Jb st FE
A AR RN 1 5 200 2 foe A R T O R
A6 5 HE N 28 A PR A BR A 7] 5 Omni—Easy™ —
ik PAGE BBl 20 &, i HERE R
E 25 R4 R A 6] ; Oceludin . GLUT2, 35 [E Abcam
/N #) ;GAPDH Na*/K*~ATPase .Z0-1 HRP-conju-
gated Affinipure Goat Anti-Rabbit IgG, ® = J&
Y ARA B A ;SCGLT-1, [ Immunoway 2
Cils
12 UB5EF

CP114 RYHL K7, B 52 Jr AL 2% (5 N A FR
s H] BB YS100 8] & 2 8% ECLIPSE Ts2,
Nikon ¥ #8723 7] ; HL 3Kk 1 BG—Power600 , 3 E H K
H bt A= SRR A IR AL P T AL 56
Bio—Rad 2\ & ; BE & AR AL JY04S-3E, b 50 B
BARITBIKESARAR; 4 a A, EE
Milipore 2 F] ; GL-10000C % ¥ % & .0 HL [ TGL—
16G BIES.OHL, g st B AUAR T 5QTSX6150
R P I e A R T B AR A E T
fE& SW-CJ-1F, ZhE%ZARA R ;CO, HiFi 48
CB160, Binder 24 7] ; P 1R ¥ 4 MS3 digital ,IKA
N FEFRAY 1500-823, Thermo Scientific 23 ) ;
FL BRTE IR K M B HW.SY 21-K , Jb 5 i K KU #34Y
FABRA ] —RPE R 0 BE 40 B RS IR
gAML SRR, )N s RE A FR S F]  Transwell 85 5%
M, Hh E R BE N ) OB IR, S 1E PALL 22 ],
1.3 RIEH*
13,1 FES A RS % PR BUAE b SRR R
£, I DMSO ¥ , Hil453 ¥ B2 7 0.05 mol/L 4 £k
W PR S BEGE R, I DMEM
REFR LR B, 48 0.22 um TG BRI 8 B DR BR A ), 15
FIN L FE N 1000 wmol/L Y AU 15 7% T AN 1z
R IRW, B I 1, -20 CROCIRAE &

e %% R U B BT R B BE A DMEM 8% 5% 2

VAR, 28 0.22 wm JC T DR BT UE R S 15 2 200k
JE2R 1 mol/mLL 1 BT < e B 5 3520, B 3 11—
20 CHOGIRAEE

1.3.2  Caco-2 4H M3 7% ik g 44 Caco-2 1Y
0 B 15 552 ] DMEM 15 38 58, (B 5 5 4h s
10% /9 i 4 17 (FBS) . 4 40 il 2 80%~90% 1
PEATAEARIE 35 B DMEM 855558 | G40 03 g
fit} \PBS 2% A /K W By v 37 I 30 min,
FH — UM B Y T BB 5 v TH A o 4 B 37 3
T A — R WA T PBS 2% R e Yk 41 il 2
W, AT 2 B , % 28 $2 of 40 i i J 1 0 5
ok 2 83 I AN 2 1) A8 L, 6 T O i A R
1E 37 °C 5% CO, By E L 3: 3246 i AL 3 min, %
e T A B A0 MR R R, DRI A
T MR il 1 LA S8 A B SR L, RS RS WA I B
5 35 WRCRE LIS (4 20 B R R ok, BB 8 3R T i 4
R FT Sy A AR S, U LR v ) 5% R T 4
W HCE K TR A Y 250 8 L1 000 r/min B0 5
min, 250 B 0] 21 5% 13 I A G i 58 4 By 5 SL E R
RAT 103 HeBiE AR R,

IS 44  IE H X BR 4L (CK 4 | BT i 4 BH
PEXT AL (Aca 41, 1x107 mol/L) ML ZE {1k v & 41
(Cap-L 21,12 pmol/L) , BAUER ¥k J& 2H (Cap-M
2,18 wmol/L) . BRHUZE @k 4 (Cap-H 41,24
wmol/L) i Bz 2 I i 41 (Que—L 41,12 wmol/L)
Mk Bz 28 ok B 2 (Que—M 41, 18 mol/L) it fz &
1 W 4H (Que—H 4,24 wmol/L) | B 5 it fz
FARF B A AL PEL] (Cap+Que/l:1-L 41 ,12/12
pwmol/L) FRAER S Bz F= b ) RS AL F4H (Cap +
Que/1:1-M 41,18/18 pmol/L) MU E S Fr K
FI B A A B4 (Cap + Que/l:1-H 41 ,24/24
pwmol/L) BB ZR 5 4 H AR s BE A AL BEZH (Cap +
Que/1:3-L 4 ,12/36 pmol/L) ML Z 5 Hif fz & v
RS AL 4 (Cap + Que/l:3-M 44 ,18/54
wmol/L) FRAER S B 3 ) RS AL H4H (Cap +
Que/1:3-H 21 ,24/72 pmol/L) B 5 Hit iz Z AL
FIEBEA A HRZ] (Cap + Que/3:1-L 41 ,36/12 wmol/
L), BMESH R Z PR A4 Y (Cap +
Que/3:1-M #1,54/18 pwmol/L) R K S5 i X 5%
Fl KA (Cap + Que/3:1-H 41 ,72/24
pmol/L) .



F24% HoMW

A& T Caco-2 20 AL A 6 SR AR E 5 M 3 b B3R 0 D i 48 X 89 2 T AL ) 95

1.3.3  Caco-2 4l A7 1% M e B R X 8 A K
W) Caco—2 UM, V#2540 ifd %5 B A 1x10* f~/mL
JE HRAT W 20 P T BB TG BRI A op 8 HE A
FEFLIWLH 100 L BEFP 2] 96 FLAk T 7818 K 77
SRR IS, BE IR A B 1% 9 DMEM
R R B A 2590 45 100 W, 25 (5 B 41 P i A
100 pL A& M7 9 DMEM 85 #2560 B3R = 12,
24,36 h J5 , AW SFEE TR, HHEAE 96 fLAR B AL
JIA 0.5% MTT % 20 wL, % 37 °C.5% CO,
O PE I B TR P AR SRR 3R 4 b, FRERFREE /N0
AL BB R T, A Sk B R 20
I, ZJ5 ARG m &AL A 150 p. DMSO %K,
HCEN R _EARGE R 10 min 5, 6 A AR AL AE
450 nm W0 AE WOG EE (OD) (A, AR5 2 X
(1) VT334 M A7 3

ANMIAF IR (%) = OD i at/OD w5 x 100 (1)
1.3.4  Caco-2 2 A B30 375 P I a8 6 % 0 B0 A=
K Caco—2 4N , 81 %% 41 ffg 25 B b 2.5%10° 4™/
mL, 0.5 mL 40 E % m A3 12 FLAY Transwell 5
Fit % ,1.5 mL DMEM 58 & & m A 2 F
=, BINUERNZAE, FET 37C.5%
CO, fEIRIEFRA0 IG5 o B R A0 B I S 4 i 2E K
JEA, SR 40 i BHAY A S5 72 12 FL Transwell
B L BAE, B IRTE A FL N 3 AN AN TR B
A — P WO, Kb s 1 RIBR R R, JS 2
Jil B KA

N 40 5 6 P BELAEL =22 107, 2 440 i e L
LB HL R 75% BRDRS R36L 15 min, 35 2 BR TR 9
H i, S8 5 B B8 ¥ 5 I 10 min XU 5% B2 TR
W o Z I B R M 7E LA E 37 CHY D-Hanks 2%
YR TP 20 min - B AR T 3749 Transwell 55 57
Wb EEM R RN E e, SRIGE LEM
TZEHP5mA 0.5 mL. 1.5 mL 37 CHJ) D—Hanks
SRRV, R R AR TR R RS R4S Hh R E 20
min, 2535 Transwell 353540, 5 40 il 26 1 2% o
#l D-Hanks 22 Ml — MW Fede . ARTE EEFT
FEHPEH A 37 CHY D-Hanks 28 i, K5 oL A% 3
HE i A Transwell 3% 37 Mg, B A% %6 A8 — it {1 2] [
% D-Hanks 2 & I, [ B A BERE 3] Transwell 5%
FEMREE - ) 20 B 5 PR 1 — i {1 21 R % D-Han-
ks & 0h Y, [RI I AS BE Rl 2] N % Transwell 15 3242

A JEC 0 o I 5 — 40 L 22 R ZEKs L R 37
CHJ D-Hanks 2% #jr& v v

21d ZJa , L BHEAH T ) 4 L3 — 4, o3
BIBEATINZG Ab B | J5 oK Transwell 15 37 b 8 T1E R
BERAE T o SR S 2 PR IR 1Y 3,6,12,18,24 h,
T 5 25 A 3R 2] 240 s S e, BELAPY . 4% B 2K (2) 1153
A AN TEER {6,

TEER = (£ FLH B2 FAFLHFHE) Q x 1.1
em?(12 fL Transwell 35358 1) A 25 1 F2 (2)
1.3.5 Caco—2 40 5 J5 25 B o 2 1 % ] 268 b
Mm KEE AR ENE 133 TNk
Ri g% Caco—2 4l 24 h J&, #% MEIE & %F B 4H (CK
ZH ) BA] S I8 FH A X FRZH (Aca 4H , 1x107° mol/L) |
BN R B AL (Cap—H 2,24 pmol/L) i
Fe 22 v e B A PR 2 (Que—H 41,24 pmol/L) | BRI
5 R S A A AL BE4H (Cap + Que/l: 1-H
40 ,24/24 pmol/L) | BRAR R 5 i K F R B KA Ak
FEZH (Cap + Que/1:3-H 41 ,24/72 pmol/L) B
S5ht i ZEm A 2B A A PEA (Cap + Que/3:1-H
2 ,72/24 pmol/L) X A ML 4320 , 25 kb 3 24 h, Wk
706 LA T Y e BRI SR AF ) PBS & 0P
TE 4 CYKFR AT TS SRR VR 40 2 vk, B R
167 W T2 AT 56 590 R RIPA 28 i 0% R 1:99 1Y Fb
151 Tic "¢ e 4 L 2 M, B AL N 200 L, [ B 5%
GRORTT A M, Bk G AR AU, R UK R ARAE . RRAR
MR T, WA TR ) Y A 2 B L R 31 1.5 mLL
TC VA B O T BOARR UK T 7853 24 20 min,, 247
iR)E, BT 4 CAHELHLT 14 000 g/min 5.0
10 min, B0 HRJE, BEA LIRS EE L
Bt BOTR P 0 S DAL AR T R 0 A
T-80 CIH77 .

fili H BCA & 1 2 1 7 & I e 45 b 31 2
Caco-2 MM P B & & BEbr i b 3 B Ee 450
AF R HE A LIEW S BCA TAE®, T37C
5 F 30 min, % & 45 5 R R IXTE 562 nm Ab
e OD {8, MR8 HE 7 A 2R (AR TE R TH R 4K
B B BRI RVR B L R R R RE S AR RN 15
pg/fL, BC100 pL £ AR A 25 WL /9 Sx ERESR
PR AR 3% $2 20, 7R K oI # 5 min, BRI K TR
A EZEAEM . 1 H Omni-EasyTM — 4 ik
PAGE ¥ Ji2 PR il 5 120 750 G 10 8 i pl , # J5 F RE
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i AL, AR HLE 150 'V, 2 60 min, i i
TG maker S 2 Wi HL KR 25 (S5 BE I
25 1em), FRIKESH)E , VIR W4m e, IR 88 o B ke,
i maker 4% ) H 198 R0 B, DIRCE A
H B A e e, 8 A1 7 2 79 i JEE U A R 7 e i
PEAR, JF BT I LL B B g K NC B K e e | JER D
4L R ACAN NC RIS 9 B 55 B0 22 Wi b 20 min,
FI 1k 5 5 e B 8 4R - D8 4C-NC - i
He— Wi nE 4% - JE 0k 48 0y s Iy R S S E
25V, WA 14 min, BRI EREAELEE R
NC JEE [, H TBS=T ¥ W ARG W38 BC i 5% 1) 5
PR, B 2547 2 h 4 CIFE —Pid i, Z R =il
BFE Pt 2h, $IR ECL &AL B ity &
Ui BT, e 4 6 3R R G ORAE |, B NC R
200 wL b B, RO EUR R S8R 450 SRl 4l
H Image J #AFHEAT K BEAE 53 717,

1.3.6 #ds b 553t r Kl GraphPad
Prism 8.0.2 #AF#EAT G it 3 Hr , Bdli 4 % 1
HbrifE 2 AR, A EE 3K, KM
PR K 7 2293 BT (one—way  ANOVA) X £ 45 £ 17
AR 2ZEF I P<0.05 & X RFEHEER, SO
P A ¥R GraphPad Prism 8.0.2 B f44:4l ,

2 #R5WE
21 HEWMESHEZELAIEN Caco-2 AMER
Eag: b=

KV HE R R Mk R (MTT) He skl 72 1 4%
I Caco-2 4N &P 45 SR & 1 s, 4
IR 12 h(& 1a) A1 24 h(E 1b) B A 24
Wy Ak B 2E 20 6 L R 6T BE 4R B TG 3
Z5(P>0.05); MW E B R 36 h(El 1e) B, B
PR ARV B (P < 0.0001) ,H ik (P < 0.0001 ) #it
B ZARHRIE (P<0.0001) LA B BHIUER = e (P< 0.05)
Ak PR ZE A0 M G B R T S E E TAE R R IR AT X
A BB 2 T A0 M R 3R B JR) A R D R I v R A
R R A — e R L S 0 0 A0 M g A T
S ARG 4 X Caco—2 AN IEALFE 12,24 h Al
36 h J5 , T I A5 04 40 L AE T R KT 75% , 3R W]
JUT 4 BRARUZR R e 2R PR — Vi B2 TR 5V B X Ca-
co—2 AN LA 7 HE R RIE WL R S 1 R
PRUZE 55 1 38 IR /N o Al %) 437 LD, T A
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Caco—2 A JELAF 15 R
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N

N QoSS
& C&x ot S N & G&x o
i
Groups

(¢)
L F P<0.05, %% P<0.0001 , 5 1E % % B84 AH L,

1 AEREHRMESHEERERAIER 12h(a),
24 h(b),36 h(c)X Caco-2 4 Fa1FiE R 1Y 521
Fig.1 Effect of different levels and combinations

of capsaicin and quercetin for 12 h (a), 24h (b)
and 36 h (c¢) on Caco-2 cell viability
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22 HWMESHEELLIEN Caco-2 AIRIE
1B MR

2.2.1 Caco=2 fiAKIEZ Caco-2 A A

SERH AN, BRAS A0 TR 2 R e AR 2 A T

e 2 pros, AEAES 1,3,5,7,9,11,13,15,

17,19,21 REHFARICRANEAKIZE, F1E 55

BN LEE R 1 RN R, 5 3 KA

U e B 5 R A AR I O R4 A0S AR
J = 8] 42 RIR Bl I TE] A SE I Caco—2 4
i =2 ) 4 M0 R 2 M R R R
BE T WL 40 0 3% T A S 0 AR TR 28, R Ca-
co=2 Z i L B2 B A 1

D0e0O®
000 O®

I a~k %%Hﬁ?ﬂﬂ@ttkﬂﬁ%1,3,5,7,9,11,13,15,17,19,21j:c
2 Caco-2 BREERKESE
Fig.2 Variations in the morphology of Caco-2 cells

222 Caco-2 #2508 PE  1~21 d 4H A 3%
FRIEIAPY, A3 JE I E 4 FL Caco—2 41 ifL 25 55 i BHL
(TEER)EL, W 0 4 ff B e B P i A8 4k, ani&l 3 B
7, WG R FRE RN ZE K Caco—2 4l TEER fH £
PRI LT B BT A0 B R RN TR 45 5256
BRI AN, B LA ST Caco—2 41 ity H 2 A5 7Y
W EmA 25, —MBekUl, 4 TEER {H7E
200~1 000 Q-cm? i}, Caco—2 41 g & n 3k % )2
JIEE24 BT LA AR BIE 58 4 57 1 Caco—2 21 Jifd 5L JZ2 #5784 mf
HFJE 245 .

223 Caco-2 M@ iEME 597 21 d J5 ,Ca-
co=2 4 JfL o 43 5 fin A [ ¥ JBE 7K SF B AS ] B )
H A BB SR bR I TR, ARS8 IR 36,
12,18,24 h J& , 0 7 45 21 200 it 7 2 6 vl LA,

I 4a Fias, 25305, BMEMKEKE
(328.53 Q-cm? + 3.54 Q-cm?) ¥ (331.10 Q -
em?® = 1.10 Q- cm?) LA S f2 25 AR vk B (332.57 Q-
em? £ 2.77 Qrem?) AR MR TEER 18 2% &

ek

3201
300} T
=g
= =S
=
2 < 280f
=
52
£ o
E
260}
240~ L .
. 14 21
s i)
Time/d

H# P<0.001, ##%% P<0.0001, 555 7 KA,

B 3 Caco-2 1% = TEER E 5155 EHX R
Fig.3 Relationship between the TEER value

and culture time of Caco-2 cells

F (P<0.01) 1F % X R 4H (316.07 Q-cm? + 2.77 Q-
em?), N2 6 h Ji , BT A BH A X BE (326.70 Q-
em’ +2.91 Q-em?) FUER AR B (328.17 Q-cm’® £
534 Q-em?), FUE (339.17 Q-em® + 445 Q-
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em?) Mit 2 Z AR (328.53 Qrem? + 9.23 O-em?) 1E 6B 4 (325.23 Q-em? £ 8.40 Q-em?) (& 4b) .,
KB S RIS b2 1:3 ol & (327.80 Jing512,18,24 h )&, FrfaAbH4] Caco-2 AAEAY
Q-em? £ 721 Q-cm?) A0 FEZH 40 i i) TEER {8 5 T TEER E¥ B E® T (P<0.05) 1E% X B4H (K

ay £
B = S
=® 2 = 2
= % 3
= =
* o 0@ & & o \\0 \->~\\<»\ \\ \_?: \?:8‘ &S & & & ‘3" s“ y@‘ \ &
w{& ,,QXQO\&&Q»QOQ.ﬁd;ﬁc‘i&&:ﬁ 0‘:@{&: C?éf' C?Q 3’ c"p 0 & Q Céf
i i
Groups Groups
(a) (b)

a \ :G_E\ 7
SoE g8 o
= 3 =G % /
B2 @< 5
= =2 = = 1
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.

; A ,'\FQ g
i
Groups
(d)
.;? e
@‘CE\ T k* pom
E S Ny
=< 2l
L
a1l
.
& uo< a" u’ cx" @" @ N\\ & S @0\3@ i~ 5\\“0 \,5}@
fff fﬁﬁkf
gl
Groups

(e)
P <0.05, #¥P<0.01, * P<0.001, *% P<0.0001, 5 15 % X} BEALHI L

B4 AEREGHFHESHEZAMEERAL4IE 3h(a).6h(b).12h(c).18h(d)#1 24 h(e)
%t Caco-2 4 il TEER EHI SN
Fig.4 Effect of different concentrations and combinations of capsaicin and quercetin for 3h (a), 6h (b),

12h (¢), 18 h (d) and 24h (e) on the TEER values of Caco-2 cells
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de Ad de) . LEERA, M 120 5, KL
Caco-2 41 ") TEER {H¥& THRE, il K FIE
HOXTHRAL (CK 41) . FRECIN 7, BOBUR 5 Rk
AR 13 K5 4 (Cap + Que/1:3-L 4H) (12/36
pwmol/L) A 5 iz REL A AL FE 1:3 hii &4
(Cap + Que/1:3-M #) (18/54 wmol/L) KM E 5
ik e ZR I A AR B 123 3% R B2 4 (Cap + Que/1:3-H
2H) (24/72 pmol/L) ) TEER {H I FHe Jy it % | &
B 8 Z MR R E G &R S SRR &8
2 Caco-2 0L () TEER A3 2 B I FH#a %, K
21 ff P2 30 35 AR /0N 20 R 5 R ) R 3 i a2 T ]
DL 2% /)N figg Xof 46 08 R WO [ B SRR 5
J2 R B I X T Caco—2 4 it A )2 5 35 P 3
B O
23 HWESH K ELLIEN Caco-2 4R E
EQ. MREAREEMECXEEARIEIEN
A
2.3.1  HMUER S5 KA BN Caco—2 4H il i 18
BEBRASCER (R IR B NG RBKIE S
T P 2 VA e T2 1 7 T U190 i o e T E 1) T B 5
M PR 262 44 i () 5 %% 3% 2 (tight junction, TJ),TJ
i E D 3 R E K E H (Claudin , Occludin
M IJAM) A 2B E A, BATS 40 M5 S48
N E AT (ZO-1) A0 BAE T, A0 BAE R B
DN 7B BT e A B ES vy S A
SEpIE BRI REZ B, A A A A T R 1Y
e, R A N 732K (EGFR) /2 52 1R 1 A PR I
fit (RTK)EGFR K % 9 J G 0, 38 & B K 45 5
EGFR J5ili it & Fhim i L i (55, LML iE &
F T BB R R, B R 4h Y B
% Ty BB AR T 52 2% ) AN R 2R AL L, A0 i e )
JBEER AN 4G A 2R 1 S5 2R 4R WLER 1 F-actin M3
DLV i b B B D RERT 254 D) g sl (o & 14T
o ke A 8 R RE S B0 R AR LSS A IR, A
17T 358 00 W 285 B 375 1

T WIR R S e 2 T M 3 R B ) g
HISZ I , A B 5T XN R 25 W) Ab L 4H Caco—-2 40 g
Occludin .ZO-1 .EGFR 1 F-actin )25 [ 2 15 4 i3
FTIE, WE S5a s, 84T Occludin,
7Z0-1 EGFR Hl F-actin [ [ &5 &35 TIEH
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Fig.5 Effect of different concentrations and combinations of capsaicin and quercetin for 24 h on the WB bands (a)

and expression levels of EGFR (b), F-actin (¢), Occludin (d) and ZO-1 (e) proteins in Caco-2 cells
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The Molecular Mechanism of Synergistic Effect of Capsaicin and Quercetin on the Glucose

Metabolism in Small Intestine Using Caco—2 Monolayer Model

Zhu Wenxuan,

Li Tong,

Wang Xianghong,

Mi Sit

(College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebet)

Abstract The present study was conducted to unravel the molecular mechanism underlying the synergistic effect of cap-
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saicin and quercetin on the regulation of glucose metabolism in small intestine. The Caco—2 monolayer model was estab-
lished to investigate the effect of capsaicin and quercetin, both singly and combined, on the cell viability and cell mem-
brane permeability. Additionally, western blotting was utilized to determine the expression levels of Occludin, cytoplasmic
protein ZO-1, epidermal growth factor receptor (EGFR) and fibrillar muscle protein F-actin as well as key proteins in-
volved in glucose transport including GLUT2, SGLT1 and Na'/K*-ATPase. Results showed that the cell viability of all
treatment groups was higher than 75%, demonstrating no toxic effect of capsaicin and quercetin on Caco-2 cells. Admin-
istration of capsaicin and quercetin increased the TEER values of Caco-2 monolayer model (315.70+26.65) Q -cm?,
which indicated smaller permeability and thus stronger barrier function. Furthermore, compared to the CK group, cap-
saicin and quercetin treatments upregulated the expression levels of Occludin (>0.65), ZO-1 (>0.51), EGFR (>0.19),
and F-actin (>0.04), but downregulated that of GLUT2 (>1.00), SGLT1 (>0.78) and Na?/K*-ATPase (>0.87). In sum-
mary, capsaicin and quercetin can exert a synergistic effect on the regulation of glucose metabolism in small intestine
and high dose levels of capsaicin and quercetin at a ratio of 1:3 was found to be optimal. The potential molecular mech-
anism can be attributed to the enhancement of barrier function of small intestine and downregulation of key proteins in-
volved in glucose transport, which consequently hinders glucose absorption to achieve a hypoglycemic effect.

Keywords capsaicin; quercetin; Caco-2 cell model; glucose metabolism in small intestine; molecular mechanism



