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Abstract The aim of this paper was to investigate the absorption mechanism of silybin ( SLB) in Caco-2
cells. Concentrations of samples in the study were determined by developing LC/MS/MS method of SLB, prop-
ranolol and atenolol in HBSS buffer to calculate apparent permeability coefficient (P,,,). When Caco-2 cells were
cultured to the 21st day, the TEER were above 350 Q-cm’. The P,

cm/s. As the positive control drugs, The P, of atenolol and propranolol were similar to those reported in the liter-

of Lucifer yellow was far less than 1 x 10~

ature, indicating that the Caco-2 monolayer model was successfully established in this experiment. The P, vy,
of SLB at 5, 20, and 50 pg/mL were all more than 2 x 10 % ¢m/s, which showed that SLB was a moderately
permeable drug. The efflux ratio was greater than 2 indicating the efflux transporter may be involved in the
absorption process of SLB. The P, of silybin-N-meglumine was similar to that of SLB, suggesting that salt forma-
tion did not alter the membrane permeability of SLB. In conclusion, the membrane permeability of SLB is good,
and its solubility is low. SLB is a BCS class 2 drug. The release of SLB in the gastrointestinal tract is an important
factor in its absorption process.
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Figure 1  Structure of silybin and silybin-N-meglumine
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JK 6 5 JFURF 2 (4 - 98% , P mUPREE R 24
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83.45% , i HUR N EE 2 5 A BRTTATE A W) ) 5 S
Yot BE i (4l :99. 99% , #it 5 : 100364201302,
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Bar( Ri) A RN ] EhIRE 2518 R (2l .
99.00% ) . Bi] %% 3% /K (46 £ : 99. 00% ) W4 T+ Bio-
chemistry 23] ; Caco-2 4fi g k1 T v [& B} 27 B I
YA Rk B AN, S v BT T A ACERCEE 20 ~
45 Rz 1),
1.2 K50 At At

DMEM ¥ 72 £ ( & 4.0 mmol/L 4 & Bk %,
4500 mg/L H A HH) it 2F 1M 3 ( LA .31 Biological
Industries 2] ) ; 7 5 % & ( £ [& Hyclone 23] ) ;
0.25% et 1 1 | F 7 Z AR R (32 [ Gibeo 24
A)) s EE O (a5 al, 755 Merck A H]) ; R
(3% 4l , 55 [ ROE Scientific 23] ) 3 HAWIRT K
S3ATal; Millicell 242015 5 /N as (AR SRR,
12 1.0 pm BEFH.0. 3 cmz;j%[il Millipore 7%
A s EFRIL 24 FLANSE R IRl ( LI 2L R AR PR
BIPEARAA) o
1.3 N

LC/MS/MS ¥ 5k 1AL (4000 Q-Trap JFii{%,
K AB 2\ A Agilent 1290 i =5 ROBAH A, 56 [
Agilent /2] ) 5 5 [ H1 BHAY ( Milleell®-ERS-2, 3£
Millipore 23 1] ) 5 18 i 9% 3% A (WL A5 A 6] ) 5 4=
Yt 4 FE R CO, 553544 ( 3218 Thermo Fisher Scien-
tific A F)) s M ME 31301 ( 35 [E Nexcelom Bioscience
A W) ;s ZIREREFRX (£ Perkin Elmer A7) o
2 Ok
2.1 HBSS £ 7% F K& &) & 6940
2.1.1 @354 (A% Kinetex XB-C (2.1 x
50 mm,2.6 wm, Phenomenex 7y ®] ) ; i #E 0.3 ml/
min s FE 30 °C 5 JERE B -6 °C ; EREABLIO L
VEERW: - /K (12 1) sl 2K (5 0. 1% R,
A ) s I (B AR s BEEBEE:0 ~ 0.5 min,20% B;
0.5 ~1 min,20 ~65% B;1 ~2.4 min,65% B,2.4 ~
2.5 min,65% ~90% B;2.5 ~3.4 min,90% B;3.4 ~
3.5 min,90% ~20% B;3.5 ~4.5 min,20% B,
2.1.2 ik B RETT 0N 2 RO B
FL(MRM) , GLNFE] 4.5 min, YIA BT RE ]2 1.2
min, Y] BRG]y 2. 8 min, “PgZ 4. CUR:25
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psi(1 ps =6 894.8 Pa);IS: —4 500 V; TEM: 500
°C ;GS1:50 psi; GS2:50 psi, b4 4550 K CHi
B B T4 481.2/300. 8;DP; - 100 V; CE;
-28 V;CXP: =15 V;EP: —10 V., G52 (N
Fr) BB T 168.1/131.7;DP. - 65 V;CE.
-27.6 V;CXP: -6 V;EP; =10 V,

2.1.3 R EAFEHEREARGHE K
PRI 2 K KA EE 10.20 mg T 10 mL &,
MG E AR 2 L, A 1 mg/mL (R, H
W — ) B B AR ol 28 T4 :0.02,0.1,0. 2,1,
2,10,20,30 wg/mL, J5— 0 B Ry B34 i A
7:0.04,1.6,8,24 pe/mL, 43 5K % 55 BUbs gl T
VEWCAN B 4% AW 10 L, Jin 290 i if ¥ i =5 1 HB-
SS ZEMI 190 WL, iR HER ST, BIFF AR v il 2 A
i (1,5,10,50,100,500,1 000,1 500 ng/mL) /5
FkERL (2,80,400,1 200 ng/mL) .

2. 1.4 ARk BT IOE S 30 wl i
AMEVD IR NG (AR, 54 ng/mL) 10 pL, &%)
Ja, m R (BT 2% o k) 270wl 35 E IR AT,
12 000 r/min,4 °C, &[> 5 min, BL F R 75 pL
5Bk 75 pLiRAIdEFE

2.2 HBSS % A i b RS R A R0 R e 4]
2.2.1 &3#EEMH A% Poroshell 120 EC-C
(3.0 mm x50 mm,2.7 pum) ;i@ :0.3 mL/min; #
1 :30 °C s BERE SRR EE :6 °C BT S L YEETH -
FHE-ZK (15 1) s sAf 47K (75 0. 1% HER, A )
O (B AR 3 BB BE VR :0 ~0. 6 min, 10% B;0.6 ~
0.8 min,10% ~65% B;0.8 ~2.4 min,65% B,2.4 ~
2.5 min,65% ~90% B;2.5 ~3.1 min,90% B;3.1 ~
3.2 min,90% ~10% B;3.2 ~4.5 min,10% B,
2.2.2 JiEF ik S BKS% CUR:28 psi;IS:
4500 V;TEM:400 °C ;GS1:10 psi; GS2:10 psi, 1k
E YIS0 B R 8 B X 267.6/145. 3
DP:60 V;CE:40 V;CXP:13 V;EP.15 V., 2%
IR E B TN 260.6/116.4;DP.47 V;CE.25 V;
CXP:10 V;EP:10 V. BRI (NBR) <o & 1254
346.7/198.3;DP.35 V;CE. 15 V; CXP.10 V;EP:
10 V., BiEf[AE] 4.5 min, ¥JAGRERTTE] A 0. 5 min, 1]
BT ] 2.5 min,

2.2.3 EBEKRAFTHE RO ARE G &K RIS
S 096 & AEE PRI K /K 10. 00 mg ., R
ZRIEIR 11,45 mg, 20l jiCE T 10 mL &), FH

P E A B 2L, BIAS 1 mg/mL BRI, 73 kG
R MU 1 R BRI (1 mg/mL) Tl 2898 IR BE K
(1 mg/mL) 1 mL ¥ T 10 mL i, F A A E A3
ZIFELLENTE 100 we/mL (R AR TR A
YR PR 1 T 28 T/ 0. 04,0.1,0.2,0.4,1,2,
4,10 pg/mL, 4% ERERAERE ) — IR & BRRK
YRR N Bt i TAEWE:0. 1,0. 8,8 pg/mL, 4}
S 2 A WOhR il T AE BRI B 4% TAEW 10 L, 4
J iR P i 2 1 HBSS 22 il 190 L, et g, B
PR LA ot A BT it
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FER S 1,3,7,12,21 KA AIE & B G050 R
240 M B2 SO T K< (0 Millicell®-ERS 5 15
HL BEAY I 7 Caco-2 ZMEIEFN B/ NE G 1,3,
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W7 300 pwmol/L %S v AP-BL I (1) 38 3% 1
2.5 e hiAfefabExy BB GY 455 I
2.5.1 ZapeyEes)

RN AT SRR IUK KA 22 102. 04 mg il
K R 2 i 119. 83 mg T 10 mL &, H]
DMSO ¥ ¥ 25 2 2 B2 22 BIAS 10 mg/mL BYEEE
A3 S 25 25 40 BT HBSS 28 P s B 7K K
B2 HBSS(5,20,50 pg/mL) ;7K K8 275 H il HBSS
(28 pg/mL, f& F ) DMSO & & & 4 A
+$0.5%) .

BRIV X BRZH - 45 0l b 2% PR BB 3R R 35 28 9% /K
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v, R e 2 B 2 B 2 A4S 50 mmoL/L (1 REE
iz S I E IR R 50wl T 50 mL T,
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2.6.2 iR et A
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REASMIER Iz RS Y
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MR (% ) = (M, 10 + M100) /My x100 (3)

i+/j§r/4\\itt'j Muzo%*ﬁ%fmu 120 min HT‘I‘%%E/‘J
KPRV i AR BUR RS TP i M0 5 2
MR A2 245 5, Mo ST TT IR I 25 25 I ) G 24
2.6.4 Gt p bt A SEEEIELL & £s ROR.

SR PP ST AEAS R RUN ¢ A6 56 68 T 20 200 R A7 4
ot RN R 5 22 0 Aot 2 AR AT e T
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WI2E A B R

3 & B

3.1 KRE E HBSS £k b ik F e

PR AEARIK IR Y LC-MS/MS 4T, K&
A E2 11 HH UGS (] 247 1. 80 min, AR SME VD 2% Y i 0
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e 30T S FAREAS AR 5 A WL 58 311 8% BA 2000 o

PRE R e i TR 4592, 1.37 f“2.1.47
A R A AR A Il S T T 7] B o) A S VR A By
MRS FFEAS, 54T LC-MS/MS 4347, LARFINY)
WAETAI AR A, FINFRIGETH AR A, B9 HAE f(f = A/A) X
TR Mk BE ¢ VERCER [T, 38 1/¢® AR
FAF AR i ey i, K KA 220y =0.012 5 x +
0.006 29,r =0.996 6(n =8), FHI/K K ELE 1
~1 500 ng/mL PERPER R RIF, 7K K#[ZE LLOQ
4 1 ng/mL, HER R 83.7% ~ 118.0% , RSD
H113.8% .

T BEAAONE - 548 T B BRAE A6 BE 5,20, 50 £,
Hor RSD 7£ 2.7 ~5.7% Z[d],RE 7€ - 5.1% ~
-9%

VTR B FIORG 5 B 452, 2. 37 FI“2. 2. 47 I
AL R L2 d SERRL 3 AN At Fk ] A
# RE 7£ - 5.6% ~2.9% , #it[a] #1 it )9 RSD 7
4.1% ~14.5% .

KRBT EELE HBSS 22 ol v (A M« MET
TE +15% ,RSD Y /NT 15% , KT 45 B4 5
R FDA AEWIREA M 7 12 IR ok Y e
ARSI 5 2 T 5
3.2 Caco-2 fm i3 oy & Kt A2

{51 B W MR T WREZ B 1Y) Caco-2 2 Jf B )2 M 432
FREl/NER RS 1 R 21 RiyAK SR LE
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Figure 2 Representative MRM chromatograms of ( A)silybin and ( B) chlorzoxazone(IS) for (I) blank HBSS buffer and (II) blank sample spiked

with silybin, chlorzoxazone. Arrows indicate retention time of silybin and IS

Day 12 Day 21
ACE

Figure 3  Growth process of Caco-2 cell monolayer model after seeding( x 100)
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Caco-2 ZMIEEFPEI/NE J5, NES 1 JEEIES 2 J
TEER [ifi 25 42 Fh A1 B} 18] 326 7 434 K, B 20568 3 J& it
TEER 3 K H 2292 , JL-T- 35 2, R FFHE K.
#5521 K TEER B #1350 Q-cem®, TEER {8
D% Z TR R R, — B Caco-2 41 g 55 77 %
15 ~21 d B}, IR B —N e (A, A S0 R 8 25
REIAFE TEER, A HIKE 150 Q-em’ , 1R E
900 Q-em’, ZEAASLKH TEER E kA E i a3
DL S G W) P, S I B M I RE A, R A S
Kt Caco-2 A A 2B B ML RLEF ™
3.4 RAF FHE RAERERmEEENS
FHLER

Caco-2 A1 #E/NE 55 55 21 d J5, 56
(300 pmol/L) BT & /K (50 pmol/L) (FZEI% /K

(50 pmol/L) 4RI HAIZ B BMLE RN K2, 9t
Y P, 1E5.83 ~7.03 x10 ™" em/s i, it /N
1x1077 em/s, F WAL IO B %S A% . STk
B BT R P, 2979 2.01 x 1077 em/s, 525
IR P, 290 4.19 x 107 em/s"™™ AHFIE BTG 1
BRI IR 1Y P, Ei R T 2896 /R JF HE Y P,
Sk GE A . SR RIAAR SIS B YN T
Caco-2 Zfifg B2 A=A

Table 1 Change of TEER value during Caco-2 cell monolayer forma-

tion(x +5,n=3)

Time of cultivation/d TEER/(Q-cm?)

1 11.5 £3.12
3 25.3+1.25
7 168. 1 +3.30
12 335.4 £4.25
21 366.4 +7. 67

TEER : Transepithelial eletrical resistance
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Table 2 P, value of lucifer yellow and positive control drugs(x £,

n=3)

Direction; AP-BL

P, XEs
15.12x107°  (13.85+1.53) x10°°
14.28 x10°°
12.16 x10°°
0.79 x10°°
0.73x10°°
0.81x10°°
5.88x107"°
5.83x107"°
7.03x107"°

Group

Propranolol (50 pmol./L)
(0.77 £0.04) x10~°

Atenolol (50 pmol/L)

Lucifer yellow(300 pmol/L) (6.25+0.68) x107"

AP Apical ; BL; Basal

3.5 KTEE EH R KR EATE R 2R b FLE 49
AL

7E Caco-2 A HLZ Y AP fll45 T 50 wg/mL 7K
QBT i o0 R LSO 00 40 i B2 1 L BELED
A2, 3 3. TEER A2 fLAR/IN, WA 5L 50 5 72 Hh 4
O BRJZ B S8 BE T EANSZ R

Table 3 TEER of Caco-2 monolayer was observed after adding 50 pg/

mL silybin in apical side (x +s,n=3)

The time after silybin added to apical side/h TEER/(Q-cm?)

0 366.4 +7.67
1 358.2£5.74
2 333.6 +3.24
24 354.7 £3.15

3.6 KEKIERGIHELR

[l —He BE/K - 19 25, BE A 1] 5384, 25
() SRBe i it S AR P 5 (] — Ik 1) 5, B3 e
ORI, 250 R AR i e i, DLIEL 4, UEE 24
Yyr) e iz B HATIFE] (r > 0. 99) Rk B iy A S b
I b R 3 AR B K- A KT R R R I Y K
RETEA T L Py e T E S 2.01 x 107°
em/s32.93 x 107 em/s;3.81 x 10 7° em/s;2. 70 x
107° em/s, P, pap I E 53 5 0 14.52 x 10°°
em/s313.09 x 10 °° em/s;11. 86 x 10™° em/s;9. 77
x10 ™ em/s([E5) o M P,papmy KT 2 x107° em/
s, AN GBS RAT Rt KRB R
fBEAR, 12 BSC R 1 2K258. 45 2R R ER
RE KT 2 (& 6) , 2 B /K TR 22 ) W iid e Hh el
REA MR BRI S S o RIKEAR) Poyr-m) 5
A E R EEZE 7 (P <0.05) , BEA K &
BTSRRI ER (ECA WD RS, fTREE B T
25 iR R FE I SN B R A A, X — B4 5 Sk

IR K G P-gp KW, FTAM ] P-gp 15 1
MZEIEAE— B o Hesh Pk BE K TR 52 FK K
BT A P, AT, R OK R 5 Xt T 85

1= . N ~
JETE i M AT PR
Bb
= 5007 - 5 pg/mL Silybin
8 -e- 20 pug/mL Silybin
g 4004 -2 50 pg/mL Silybin
§300- — 28 pg/mL Silybin-N-meglumine
E 2004
2
§ 100 /
E o — et s
S 0 50 100 150
t/min

Figure 4 Relationship between cumulative transport amount and time

of silybin and silybin-N-meglumine ( AP-BL)

E& (5 pg/mL) Silybin
204 g (20 pg/mL) Silybin
E3 (50 pg/mL) Silybin
I (28 pg/mL) Silybin-N-meglumine

P, fem/s,x10°)

Figure 5 P, values of silybin and silybin-N-meglumine (x +s,n=3)

*P<0.05

Efflux ratio

Figure 6 Efflux ratio of silybin and silybin-N-meglumine (x +s,n=3)
**P<0.01,***P<0.001

3.7 Caco-2 tm L 4kia v W 0y 3t 5

FE Caco-2 4 iz SEI I e Je— 1> i) it ]
I 2 IR 52 D0 (R A o G0 26 247000 vk FE TN 45
GV EE , B 3% 4 AT RN 2 1R TR 80% ~94% 2
(1], D56 2 L B 23 XF 245 00 18 O AR 700 1 78 ke B AR
X SEISE IR, LR PR RN P, R ER
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Table 4 Recovery of in transport in Caco-2 cell (x +s,n=3)
Group Direction ¢/ (pg/mL) M5/ (ng) M, 5/ (ng) Mo/ (ng) Recovery/ %

Silybin AP-BL 5 843 £32 19 +3 1020 =14 85 +3

20 2 928 +236 117 £13 3812 +7 80 +6

50 8597 +1 480 365 £81 10 700 =11 84 +13
Silybin-N-meglumine 28 2590 +£139 103 £9 3342 +6 81 +4
Silybin BL-AP 5 4 480 + 160 144 £12 5100 +69 91 +3

20 16 880 +216 475 +7 19 060 +37 91 =1

50 44 733 £2 380 1062 £153 53 500 +57 86 +4
Silybin-N-meglumine 28 15340 +1 588 372 £16 16 710 +30 94 +9

M 415 : Residue of silybin at 120 min on the administration side ; M, 5, : Cumulative transport amount of silybin at 120 min in receiving side ; M : Total

amount of silybin at the beginning
4 W it
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