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WEESEH, BRI Caco-2 45 AR A 70 XU 5 BRI W A2 18 ML) s CCK-8 2628 SRR AL FAE N JBF L8 4 iz 4 i
HDMEC 4 i) 2 i VS, SR G 22 595 S 1) HDMEC 40 7 R, FAEREAN AT T- 9, FLIRiERE (LDH)
WA B LDH (35 F7. AR B EIEARRNATI T 1gP 48514 0.29 (0.1 mol/L #i/2). 0.48 (pH 2.0). 0.46 (pH 5.8).
0.34 (pH 6.8). 0.26 (pH 7.4). 0.38 (JK); FEMEFA F PTEIREAE 50~500 pg/mL %t Caco-2 4HMITCEA W #F AR AN PTE
WEAEIERA R AE Caco-2 HZAMIBEAL o 15 12 BAT B ARG, S F) R B AR A RN 12 P B E R EMER, H
BN T 1X107¢ cm/s, #MER (ER) H/NF 2. FEIEFARAE 50~300 pg/mL %} HDMEC 00 W SRR, 410k
WMETHE, SHRMATFIEZHE (LPS) HIMAMLIL, e RS HZGHE EEJZWE\ LDH %71 (P<0.05), LKL
50~100 pg/mL R FF(K LDH #% /7, 100~250 pg/mL & TFie. £5i8 eI R e 8 TRy, HESEE% iz
N IE, HA X LPS 3 HDMEC 4 R AE A IHIER, BETRIGENE.
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Abstract: Objective To prepare the taxifolin and determine its apparent oil-water partition coefficient in different media, and to
study the mechanism of absorption and transport of taxifolin in Caco-2 cell model. Methods Taxifolin was prepared by enzymolysis.
HPLC was used to determine the saturated solubility of taxifolin in 37 °C, different pH buffer solution and water, apparent oil-water
distribution coefficient of taxifolin obtained by calculation formula of oil-water distribution coefficient; CCK-8 experiment was used to
investigate the safe concentration range of taxifolin in Caco-2 cells, and then the single-layer model of Caco-2 cells was used to study
the mechanism of bilateral transmembrane absorption and transport. CCK-8 experiment was used to investigate the safe concentration

range of taxifolin in HDMEC cells. The inflammatory model of HDMEC cells induced by lipopolysaccharide was established, and the
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activity of lactic dehydrogenase was detected by the intervention of floxacin. The activity of lactic dehydrogenase was detected by
lactic dehydrogenase kit. Results The 1gP values of taxifolin in the following solvents were 0.29 (0.1 mol/L hydrochloric acid),
0.48 (pH 2.0), 0.46 (pH 5.8), 0.34 (pH 6.8), 0.26 (pH 7.4), and 0.38 (water), respectively; There was no significant toxic effect on
Caco-2 cells in the range of 50—500 pg/mL; There was no significant difference in Papp value of bilateral transport between different
concentrations of taxifolin in Caco-2 monolayer cell model, and it was less than 1 x 107® cm/s and ER was less than 2. There was no
significant toxic effect on HDMEC cells in the range of 50—300 pg/mL; After treatment with taxifolin, compared with LPS
stimulation group, the activity of LDH in each treatment group was decreased significantly (P < 0.05), and the activity of LDH was
decreased significantly in the range of 50—100 pg/mL, and tended to be stable in the range of 100—250 pg/mL. Conclusion
Taxifolin is a kind of drug which is difficult to absorb in the intestine. The mechanism of transmembrane transport is passive
transport. It can inhibit the inflammation of hdmec cells induced by LPS and has anti-inflammatory activity.

Key words: taxifolin; apparent oil-water partition coefficient; Caco-2 cells; absorption and transport; anti-inflammatory; oil-water

partition coefficient; enzymatic hydrolysis; saturated solubility; CCK-8 experiment; HDMEC cells; lactate dehydrogenase
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1.1 ZHpakk

Caco-2, REZWIHEF R 21PN B IR A 7 2
Ji4; HDMEC 4HfE, dbat A2 K2 B .
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woEaE, LREAR, RESEH>90%: 1t
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111816-201102, R 7HCN 98%; FEHEE, KR
EREA AR FEE. LK, RENERMER
AIRAT; UKEEER . BERR, RETRME A RA A
iR —SVE, REEMAE RIS AR AR JHE

Fo R4 7K; DMEM Ri gk, (M8 N R 4 i 56 4%
FREE MRy BREAR. HER-5E5 K HBSS
e, % Gibeo A ] BEFRERGZIN (PBS),
Macgene A H]; ZHIEEH (DMSO), [ Sigma
/~ ] ; Cell Counting Kit-8, 32 [E Amersco A #]; LDH
W ERENE R G, SREEREFEAERAH.
1.3 {U&F

HPLC Agilent 1260 JAH A 1EAY, 3% Agilent
AF]; THZ-92C A tHRIRIERS, Hig RS A
IRAFIEST ¥4 s Series 1T 2 S ALHREEFR4H
Thermo 2 &) ; #81% T4F & , Heal Force A 7] ; CKX-41
3 B R, Olympus A 7] ; BS224S T HL 7K °F,
Sartorius A F]; ZHMTHER, EE TSRS A A0
1A PR A 7] 5 Millicell-ERS 2 g L BHAY , Millipore
AF]; TDL80-2B BB 0L, il SR
P&, Multiskan Go 4 H zhER1X, ZEE Thermo
AF]; 12 1L transwell G TR 96 FLAH IS IR
R, ZEE Corming A7,
2 ik
2.1 HEMNRNHIE

W mWTEHEE T =M, A 50 5=
K, VAT pH AE N 5.0, IO BIREE B ook &
(1) 40%, 7£ 55 CiaJE F/KIBEEME 4 h, )RNZ& LG,
B B 0, BRI IR S 22— e A, B E AT
HUTEY), hiE, BUUEWE s, HTRIEEMRER
Ak, TR E>90%.
2.2 G pH EZARARHERENTRBKSER
P ME
2.2.1 %M @ik~ Diamonsil Plus Cis A
(250 mmX 4.6 mm, 5pum); JiEIAH: ZAH-1%0KHE
BRAKVEW; BREEVEAE: 0~30min, 10%~20%Z.fi;
30~40 min, 20%~30%ZfiE; 40~50 min, 30%~
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90%ZfiE: KK 290 nm; AR 30 C; AR
# 1.0 mL/min; A 10 pL.
222 OPHEAVARECH] R B DOE B AR TN 20
FR T, FH P T AR TG 1) 5 AR FEE A 30 g/mL 1%
HET IR
223  AKEIARIECH] A B PUE BRI =R
FEZ, FH PP B A T 1) 1ot 3R BN 30 pg/mL [T
R I
224 ZMERARELE  BUEEALHR RN
100 mL =i, FHEEMIEMBEZRZIE, 85, 15
BT HE A Ao 2 ol R b3Sk HE L i A5 0.2,
0.5, 1.0, 1.5, 2.0, 4.0 mL T 10 mL &b,
80% /KM RE R ZIE, &5, 7ilfs R =W
J94.08. 10.20. 20.40. 30.60. 40.80. 81.60 pg/mL
(R RS IR VTR o K 28 W 3R R 271 %o TRt VTR
10 pL =N REA, oG m AR, PG RUA
PARR (Y, BEREEAREAAER (X0, BETLMERIE.
AE|[EHFFE Y=3 612.9 X+4.728 2, r=0.9999,
SERRWIETEFA RIE 4.08~81.60 pg/mL £tk R
[EY/308
225 FEEEEE BRI FO0 I Al O &
W 30.60 pg/mL), % “2.2.17 Tth ik &R LL
HBEFE 6 K, WA, 5 RSD, 3%] RSD H
0.45%, /NT 3%, REMUIHEHE RIT.
22,6 FOEMEES O ORERE “2.2.3” D% p) 4t
REBEBR AT 00 4. 8. 12, 24 h &%HEFE 10 pL,
N5 e TR, 000 5 9 it VA Y R AR A 3R 1 o B T
it% RSD &, RSD N 0.5%, /NT 3%, FHI{LhE
FARTE 24 h WA EE R &F.
2.2.7 AN pH AEZZ M B AL R P e
HEHEA R R 208 &, T /KR I, i
I BT BT N 40.2 pg/mL 1 IEFEEVAR . k&
BOUZER 1| mL T HEBRAE N, ol IEE
BEVIAI) 0.1 mol/L #h%, pH 2.0, 5.8, 6.8, 7.4 1
PBS, /K% 1 mL, NS E IR IRRE 2% HIRHE 24 h,
PR AL 37 C, HRFEZRPHT. FLL3 500 r/min
B0 10 min, K B2 IEFREAHFE SR 10 mL &,
MR It e B 22 e, %0 btk
PRRERE 10 pL 4TI E, CSRIEEIAR, AMRIETHE
HEIKRE.
2.3 Caco-2 AR EIRBIAENL

BUW B0 K 1 Caco-2 4, RS 4R 25y
5X10° N /mL Fi-F Transwll 3558, BMEEE 1 B

BRRTE R IR, )G 2 R, KidR 21d. il
FHA) B B 4 R TR A HEAT LSS, MIE Caco-2
FE AN AR FE B, AU S AL R R BEAE, 1
KT 1000 Q-cm?, AT R % 502 fa RIWTH T4
2.4 CCK-8 S£If

Caco-2 ZiIfI L 2 X 106~3 X 10 />/mL 5T 96
LM FRM, FEFL 100 pL, 4HMIEEFRBUBA CO,
ERFRAR, H59% 24 he frdMNSEEAK S, FEERE
FeFE, IMNEH AR R AR 25 TR
SFELH R 78, kSR 9% 24 h )5, BEFLINA 10
ul CCK-8 Wi, Fi}59% 4 h, fEREFRY _ET 450 nm
WA E B FLWOCRE (4D i, THEH MRS,

FIER =4 su/A wm
25 TENRREBEEZRCHMEENE
2.5.1 it @i% N Diamonsil Plus Cig £
(250 mm X 4.6 mm, 5 pm); VishAHA LNE-1%0KEE
FR /KR (20 © 8005 Al 290 nm; AR E
1.0 mL/min; A 30 C.
252 LMXRARELE KERIOEEILER R
BT 10 mL &R, F HBSS & @, 522K
FE5 507 pg/mL FITERERS ZARME M B FH HBSS
TR ) PR B9 T 40 518 0507 0761+ 1.014,
1.521. 2.282. 5.070 pg/mL FIX R SAWL o ik
FE 50 pL, WE I skgmm . UR SRR EE sk
b (O, WA NNER (V) ehilbrEd 2, i
ITERYERNE, BEIETFEAN Y=116.02 X+41.871,
#=0999 6, 4iRKWPILIEINFIE 0.507~5.07
ng/mL 2BV OC R BT .
253 MEERK  EHIREKREN 2.281 5
wg/mL {ERERA 205 BE VA, JEAE 6 YK, HERE 50 L,
WE IR IE AR, TR RSD 4 1.38%, /)
T 3%, RUEHEE R
254 FaEtiE BCWI R EWREAN 2281 5
pg/mL PIFERERA 22 I, 30T 0. 2. 4. 8.
12, 24 h#EFE, HERE 50 pL, 5 HicsR0gmn,
AT R RSD N 1.69%, /NT 3%, R
JEERA Z AR S VALY 24 h R E I R AT
2.6 TEIEMYETE Caco-2 B EHINUNIEE T SLI

RS R Z AN Caco-2 A (159% 21
d, BREHEEME>1 000 Q-cm?), 1A HBSS BT
37 CE;F2%6WFE 20 min, FH HBSS 5%t Transwll
/NN AMI 3
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Thss O 2 F M (AP—BL) iz #%
HBSS %, [ Transwll Ziffilz77/NE AP MIINA S
AN[E R B FEACTEFA 2510 HBSS 0.5 mL, 1EAftss
s[RI B HBSS 2203 1.5 mL, AT BL i,
YENEERGL . BT 37 °C, 3 50 v/min SIBE
BRI, 05T 30, 60, 90. 120, 150,
180 min M BL IHUEE 600 pL. [FES#MIISEE )
37 ‘C% 4 HBSS, %H& 3 ME1L.

FEERM B TR (BL—AP) JFlAakEiE: &4
[ 57 BV S G A 251 HBSS 1.5 mL, JinT BL i,
VE RS s RN EL S 1 HBSS 22003 0.5 mL, Ji
T AP, fENESOh. BT 37 C, #%3E 50 r/min
PR TEIRIRRE SR, FF20 0T 304 60+ 90, 120,
150 180 min A\ AP fMEUFE 200 pL.  [7] I #M 0S5 &
ff)37 ‘C%5H HBSS, W& 3 ME7L.

FEMES O (10 000 r/min, 10 min) J& B S,
PA HPLC VAt MIAE A 2R & 5, il e AN R R
BUEL & (Q) Al (o) k. THEERWZE R
(Papp) AIAMHEZ (ERD.

Papp=dQ/(dtAC)

ER = PappBL-AP)/ Papp(AP-BL)
Papp ARWIBIEZREL, dQ/dt NAYIFIETHE, A NRIKELNE
RRTHIAR,  C AAERERA 2570 L PP KR A6 3R Bk B
2.7 TEEMRFEMAIEMMR
271 AN[FE BT EIK FETEHERS 35 HDMEC A K15
il HDMEC 40 LA 2 X 10°~3 X 10°4>/mL HEFh T
96 fLANBBE;FEMR, AFFL 100 pL, 4HAEE; FEMURN
CO ¥5 7746, K597 24 ho R EEAK G, 728
JRIEGFRES, MG AR R IR AR R R 5%
W, KRR RIS IR, SReRiFR 240 J5, BALN
A 10 uL CCK-8 ¥, F3%7% 4 h, fERFARIX T 450
nm KA 2 L A 5, T EIMAAE R
272 AFEREIRECER ZX LPS S
HDMEC 4Hffi-t LDH #EERIS2m % HDMEC 44
HI LA BE 5X10° AN/mL BF0 T 6 FLEF MR, BT 5
FRAaSE TR, AMMGEERS, TEHHTEE IR, X H A
H, WTHEZH: LPS I, SCER2H: 10 pg/mL LPS
WP, FRTEER 2= (TEHER R EIR AN 50,
100, 150, 200. 250 pg/mL) 4bFE, ¥ & 3 MEAL.
FiFRAEsE g% 24 h, THAL, NN PBS A, WEERE
4% LDH 5 & 9 -5 FH AR N € LDH ¥ /7 .
2.8 HUES

T SEIR AR U X £5 Fox, K SPSS 17.0

AP, B HFEA S0 TR AL R SRR ¢ A6
o tr, BAMFEALLECKH F AR .

3 #R

3.1 AREFRBHIEEMRER PEMNE
LI IRER, AT ZRAE 0.1 mol/L 572, pH

2.0 5.8, 6.8, 7.4 [f] PBS, /K 1gP HIIKT 0,

HANT 1, R AT, 4R 0% 1.

F1 37 CTHEMZRESRN B IgP

Table 1 IgP value of taxifolin in different media at 37 ‘C

= IEFEEAH(C w)/ 7KAH(Co—C )/ Pl 1gp

(mgmL™) (mg-mL™)

0.1 mol-L™! #H g 0.264 8 0.1372 1.93 0.29
pH 2.0 0.3020 0.1000 3.02 0.48
pH 5.8 0.298 4 0.103 6 2.88 0.46
pH 6.8 0.276 3 0.1257 2.20 0.34
pH 7.4 0.258 8 0.1432 1.81 0.26
K 0.283 4 0.118 6 2.39 0.38

3.2 Caco-2 BEMAIREIHIIEST
Caco-2 ZHMu4% 5% 10° AN/mL 25 & # fh T
Transwll #% /5, 21 d AllE TEER 16, Z5R WK 1.
B SR Caco-2 M@k 3% 21 d, Caco-2 4HiEEEHE
L BEAE 2 3K s, 76 21 d A A s B d B AE K
F 1 000 Q-cm? HAbFFaE &, A Caco-2 41
Ff R B AT T3 18 S
3.3 CCK-8 JAMTEIEM RS Caco-2 HHBERY S
TEHERA ZAE 50~500 pg/mL 2524 24 h 40 A7
REMAN RA LR LR EEEZR (P>0.05). A
7] o i FEAE T AR TR 50 Caco-2 247K
ZUE 2 .
3.4 TEIEMAETE Caco-2 B EABENUINIGE T 4HE
AN R IR FEACTEFA 3 7E Caco-2 4Rl

1400
T ®
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- [
5 100 voo®
= ®
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Fig.1 Transmembrane resistance value of Caco-2 cells
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TEHERA 2/ (ug'mL ™)
HxiR4Itsg: *P<0.05

*P < 0.05 vs control group
El2 TFEMEMAERIS Caco-2 MAMBMLIHMRER (X5,
n=>5)
Fig. 2 Results of experimental study on toxicity of taxifolin
to Caco-2 Cells (x £t s,n=15)
W is g5 R 2 Frs . H 2R 300,
400, 500 pg/mL B, FEFEFAFRAE Caco-2 MUK HT M)
(AP—BL) ] Puyp {53 71175 0.834£0.047. 0.834+
0.037. 0.830+0.051, 45HRIR/RILHENA 2 AR
25981, TEHERA R AE Caco-2 #MHE M (BL—~AP)
) Papp fH 53 54 0.859 £0.097. 0.835+0.043 .
0.8284+0.057; ER 437109 1.029. 1.001. 0.998, 3%
AINT 2, BRI FONHMER U 25 . AN TR &
W PEELE AN ZRAE A B E AL Py, Y0 W E M
5, H ER/NT 2, $&R HIFFE A ZIRER M, P-gp
A 5EEm RSN, BT #0r Lisl),
35 TEHEMBEMATEMEMR
3.5 AR EEAE RS 20 HDMEC 40 il i) 25
PESZEG  JEFERA B AE 50~300 pg/mL 2525 24 h 1
R R AL ZE R IR EME (P>0.05), 45
R 3.
3.5.2 AFEFEKREATEIAZX LPS i SR8
HDMEC 4iffi LDH fiEtEsem w4 s, 5
#* 2 TERSBRELENERE Caco-2 MRE ST
WRWESERBEINEE (n=3)
Table 2 Apparent permeability coefficient and efflux ratio

of different mass concentrations of Douglasin transport test

in Caco-2 cell model (n = 3)

Papp/(l X 10_6 Cm'S_])

TEHERA B/ (ug'mL ™) ER
AP—BL BL—AP
300 0.8341+0.047 0.859%+0.097 1.029
400 0.8344+0.037 0.835%0.043 1.001

500 0.830+£0.051 0.828+0.057 0.998

TETEFA 25/ (ugmL ™)
3 FEREAAEX HDMEC SRR (X £5,n=5)
Fig. 3 Experimental study on cytotoxicity of taxifolin on

HDMEC (X+s,n=>5)
180 =

1404

100

FLIR I 2 71/U

60 4

20 =

LPS 50 100 150 200 250
TEMEFA R/ (ug'mL™")+LPS

584 T LPS RISALILE: "P<<0.05 "P<0.01
*P<0.05 *P<0.01 vs the LPS stimulation group alone

El4 FEFEMEREX LPS SIS HDMEC 48f5 LDH By
AR (n=3)

Fig. 4 Effect of taxifolin on LDH-induced LDH activity in
injured HDMEC cells (n = 3)

HDMEC 4 2 in LPS i (R AHLL, 2452
RIS 50 pg/mL B, LDH ¥ /7 B B & FEAIK,
HEHREEZER (P<0.05), JFHEELZRE
WREERY N, LDH 3% 71 B, 37~ AR A 4 HDMEC
M R A BRIER, HACTEAAZRAE 50~100 pg/mL
LR AE B R, 78 100~250 pg/mL I 470 4 AF I #
4 e

MR EEd RIS HA g% RA
K, BREMEANYT 5 TiES AR E, KB
W T oK BRI TE, SAMMEBSEM K, RAE
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LM EE o Popp [EX T AWBE M RAEHE H
B, W EEIE ) Py (IR NTIN 259017
WSO, P (B ZNTF 1X 1070 A RER IS I 254 (A4
FIHELE 0~20%), Papp AT 1X10°0~1X107°
N BRI CEIRI I EAE 20%~70%), Papp
HRT 1X107° N 5 WU 254 CAHR FH BEAE 70%~
100%) U1, AS[E] i SRk AL A FAE Caco-2 41
PRI Pappar—nryfH7E 0.830 X 107°~0.834 X 107°
cm/s, PappiLoar)H7E 0.828 X 107°~0.859 X 107
cm/s, FEINACHERS AR ZiY) . AR IR
FEACHEAS RIS TT ] IR Papp ¥ C R EEZE S, H ER
INT 2, PERHIFBEAZ R EIRER N, P-gp A3
I M, R TRy Hior K

7K 3 T FR EUR 3R 25 TE RS B 1) B8
Were 1 —F S8, RWIK T RE (P R,
WA= i Ik s, A R T 25 AEAR N IR
W2, 1gP I RT 0, HANT 1, 1gP>0 J@sENEHE
W&y, HIHHUEAHE BRI RE, 1gP<<0
JE ARG, HBUE LA RO, KBk,
lgP BN BRI, T 1gP>1 AL & R
B3, ARSEIG I E T AL ZAE 0.1 mol/L 1,
pH 2.0, 5.8, 6.8. 7.4 ) PBS, /Ky P{H, 15
gE RN AR BRI 1gP 50518 0.29. 0.48.
0.46+ 0.34. 0.26. 0.38, FIATEHEIA T B TR IL
291, X5 Y i SR T T A5 R B AR ERAIE .

LDH &A1 T 2K N 1 — P i, = 58
P fre AR, FESHAE Z8 0 oL, 2 it)s 2 M
AL R, R AR R LDH (35 3t 5E
R R R, Al @Ed LPS %S
HDMEC 4iffdk 75, TR ZEAT 0, Al FLER
ARG HINE 7. 5 LPS FIBRZAAH LG, TR %
2543 REI B LDH ¥5 /) (P<<0.05), $Enqtiit
Fa R B HIHI IR 2 5875 211 HDMEC 40 % % 1
R, RUHEIEMA = BA RGN

e R B RIFIPTR AHEAER, BATTK
NPT IR I ST G AT 5, AT FERE Hh /K
I3 0 R BRI AB R L BT AR IEVEREAT WP AT,
9 i SRR TR R R FH 245 00 B4 5 L Al o
SE 3k
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