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Study on in vitro dissolution and in vivo pharmacokinetics of Luteolin solid dispersion
HUANG Ziting, WANG Mengyan, CHANG Jinhua, LIU Pei, WANG Ruxing, LIU Xigang (Institute of Chinese
Materia Medica, Chengde Medical University, Hebei Chengde 067000, China)

ABSTRACT OBJECTIVE To explore in vitro dissolution and in vivo pharmacokinetics of Luteolin solid dispersion in Beagle
dogs. METHODS The dissolution of Luteolin solid dispersion was investigated according to the second method (paddle method) of
the “dissolution determination method” in the 2020 edition of Chinese Pharmacopoeia (Part IV ). UPLC-MS/MS method was
established to determine the concentration of luteolin in the plasma of Beagle dogs. Twelve Beagle dogs were randomly divided into
luteolin group and Luteolin solid dispersion group, with 6 dogs in each group. They were given relevant medicine orally at the dose
of 10 mg/kg luteolin. Blood was collected before medication (0 h), at 5, 10, 15, 30, 45 min and 1, 2, 4, 6, 8, 10, 12, 24, 48 h
after administration. After protein precipitation with acetonitrile, the blood concentration of luteolin in Beagle dogs was determined
by UPLC-MS/MS and the major pharmacokinetic parameters were calculated with non-compartmental models by using DAS 3.2.8
pharmacokinetic software. RESULTS The dissolutions of Luteolin solid dispersion in purified water and 0.1% sodium dodecyl
sulfate solution was significantly higher than those of luteolin; the dissolution rate reached 95% in 0.1% sodium dodecyl sulfate
solution for 120 minutes. The peak concentration (cm.) of luteolin in the Luteolin solid dispersion group of Beagle dogs was 5.62
times higher than the luteolin group, and the relative bioavailability was 348%. Compared with luteolin group, c.. and the area
under the drug time curve of luteolin in the Luteolin solid dispersion group of Beagle dogs were significantly increased, while the
apparent distribution volume was significantly reduced (P<<0.05). CONCLUSIONS Luteolin solid dispersion can improve in vitro
dissolution and bioavailability of luteolin in Beagle dogs.

KEYWORDS luteolin; solid dispersion; UPLC-MS/MS; pharmacokinetics; dissolution; bioavailability

AT WAL 8 5K BT H (No.ZD2022-121) 3 & ARBEZJE— MmN G, BA RS Bt
TEEE2ABE 1 AABLATTFE I H (No.202010) i3 I T 25 25 R D I R S R T2 0 AR R

* %_{’E% ﬁﬁiﬁﬂ‘%ﬁio 5&%7‘5‘&—] H *%%ﬂ%ﬂ%ﬁﬁ*o Egiﬁ ﬁ%‘%iﬁﬁ@ﬁﬁ’f&( 193 X 10—9 mol/kg, 20 OC)[4]’ Ej“ﬁ,\ l:]
0314-2290629, E-mail:2903186925@qq.com

4 BIEEE HOT W S0 B B by CEPIRUHBER, SEn AR IR RO B . AT A
AR, HLE:0314-2290629, E-mail: liuxgmail@sina.com FE R 2 a4 R 2 W A R s R R R

WPEZG 2024485 35455 10 China Pharmacy 2024 Vol. 35 No. 10 -« 1215 +



P A= R EE 2t VA P 25 s o RN 2R R
FEM A Z —. RS EAR S & T2 5, i)
YRR v A i — 20 8 OB ) L R 30 3R )
FRR TG . AS TR R4 i 0038 3 i R 20, il 2% 1 DASLZR
AE T Ry 28 AR A A R R 2R AR IR B TR R Y
e HH BT AR AT 5 A R 0 AR R R B AR A
JE, I g 37 R v SO A A3 - AR B BT 3% (UPLC-MS/MS)
I AE Beagle K I3 FP A PR B A A R 2
1R BUARTE Beagle RAKRNIIZ] 815470, B TE N AR R H
F AR AT K R B LSS ARHR

1 ##

L1 FEWUHE

AHFFE T = EALEA Acquity U8 B S0 H (i
% ( 2 [E Waters 23 7] ) . ABSCIEX QTRAP®5500 #I —
R PUAR AT 1S4 (SE[E AB Sciex 24 @) \GT16-3 I 5
5 2B L (b AR R B HLA BR S E D
MS3DS25 AU HEAY (8 [ IKA 22 5] ) . DW-HL528S AU
TR bt A CH RS R IRRARHR B AT BR A ) D 45
1.2 FEHRSKH

KRR 22 J5URL2G (FiE5 20210214, 46 FF 98% ) W [ bk
VPO SCAESCAE MR AT BR S A 5 A R R R % B (AL
20121605, 4 & 99.02% ) W [ BLHRE FETEAE D HAR A BR
N 5 M 2 250 IR (4145 22060604 , 213 99.27% ) 1 [
Ji AR A% I A ) B A BR A A 5 S 3R A (S
Ords030720005) 1 { -1 &y BE 25 iR AR A BR A ] 5
H s R SIS R i g, K 4tk o
1.3 KIEENY

A 5T T F %) K Beagle K, M, 212 2 k&
9~12 kg, H1LLIPG B 2= DA AL Rk A B w43t sh
A FEYERTIE S O SCXK () 2022-0001, ASZEG 3RS
ML B B AR M ARAT IR R Sh W S e B RS
4 QRKY 202209003,

2 AEEHER
2.1 KREEZREESSENH &

SR S 45, DA SR A i Ry R 4 25 4 e
1:11Cm/m) | 53 SIFREUR R B3R J5ORL2G FIUA , B TP
AR AT, INAGE B TGk 2B, M4 5 min, EIERETE
BHAR 5 DU IS 70 221, TO0E T — 20 °CRRRE I, 7%
RN, SR T 48 h, Wi, 1 80 H i , ENFS A
B[R HA
2.2 AEBREZEESHEEHENKT

Fic 2020 AF Rt e [ 27 30 (TS ) 98 i B 5 725
(0931) 55 3k Ry ) A TN E | 25 A B 1 28 i {43k

R pH1.0 TR IRV I . pHA.5 B IREL 22 vhif . pH6.8 B R
- 1216 - China Pharmacy 2024 Vol. 35 No. 10

BRI ALK 0.19% + BE SERRENIA WO T, LR AR
JBR B2 JEURL 25 7E S K RN 0.1% | ks SR B R A v v h
120 min N Y% H Y 253 (I8 1) 2R AR 3 [ {4
A3 HUARTE pH1.0 £ R 1A T8URT pHA.5 B R+ 2% vhif h 120
min (1) 2R BB AIK (42950 46% ) |, 78 41 K Fil pH6.8
W2 ER 2% WP P 120 min () 2R 2450 87%, 1F
0.1% + I FERRBRENIA W P 120 min 1Y SR i A] 3k
95% . AR R HUATESIK (0.1% + b SR
VAR PP B v PR R R kLY

100 4

80 4 e
%‘é 60 &
S 40 i

20 / - L

0 — T T T T 1
0 20 40 60 80 100 120
t/min
1 REEZEGSBENMABRERRERAERRR
HI B R HE

2.3 Beagle KX ARBEZSWMAERNEL
2.3.1 gk

X ACQUITY UPLC BEH Cis(2.1 mmX50 mm, 1.7
pwm) A A RERE, LA Z5-0.05% H R W (50: 50, VIV)
WA ; W H A 0.3 mL/min; AR A 30 °C 5 HEFE &R 2
pL; IZATI R H 2 min,
2.3.2  Jik&M

SR FH LIS 25 B U, LA B i B A T S 4
W5 %5 B3 1 —5 500 V5 8 F-IRLE 2 500 °C ;A U
7174 35 psi; S5 A0S 1 120 45 psis B FIRSUR2 1R
55 psi; >k H 22 =2 N7 W 455 =X (multiple reaction monito-
ring, MRM) HEATINE o FAIl B3 B MRM Z4U0L3R 1

x1 FUMASH MRM S

popiiti HEF mlz FEFmlz e PRV FHEAEN
ABHZ 2849 1329 -3 -12001
W Z (k) 3012 1510 =240 -28.00

2.3.3 WIS

(D ARBRFZR XS BT A2 AR IBOK 2 B 28 %) B
A 5.00 mg, B T 10 mL A5, AT = N B %
fif 10 min, JUE BRI G , ER RS, I BrE iz N
500 pg/mL [ A 3 B 28T A A 28 VR 5 IR L A A VA
i, BT 10 mL A I, I SRS 45 2 BT vk FE
51245 000.,4 000,2 000,500,50, 10,5 ng/mL KX 18 /i
W

thEZG 2024 4E55 35 4245 103



(2) PRI IR o 3 PRI e 22 % HELSh 5.00 mg, &
F 10 mL & m P, I AGE & 2N, A A# 10 min, L
BHEERG, €4, 85, ARk B h 500 pg/mL )
it e 0T B A 25 B L 3R ARG 1, T O RR R
PR AR N 1 png/mL A PRI o
234 ZS MK FE

F5 B A I3 100 pL, A 2 40 uL, i i
1 min, F-I0A 2 400 uL JLIESE 1, W8 HE 5 min, 5 &
1 min Ji7, B.0>(10 000 t/min, F[A])10 min, B_F 7%, F
230 10 min, B EVEW 100 pL, BIF5 .
2.3.5  EEIMIR Kb

FE 2 B 25 19 100 pL, in A “2.3.3(2) 7T N Py
BRI 20 uL M2 20 pL, #EHE 1 min, FHI1A Z A 400
pL YTE S [, W HE 5 min, ## & 1 minJ5 , 2.0 10 min,
VW, PRS0 10 min, B EE 100 pL, BIfS .
2.3.6 LTIEMHEL

BUZS (MK 28 I+ R R BE 2 6 BEA (10
ng/mL) | i3 AEA (45245 12 h S BURE ) , 43 3l de iR “2.3.47
2357 kAR, AR AR 2,317 A1 “2.3.27 i
FAFHERES T i R TR (F 2) . 85R BN, 25 H 3K
rh Y N R P ) B H At A B R R R R Y A T

T,
1600 1000
900
. 800
1200 700
z Z 600
£ 800 £ 500
E ‘ N E 4004 | |
A\l 3004 || \
4004 NN 7 Y L I
W 200] (A 1 ey g
U\ﬂ/‘.‘ m wa\\ M“lh‘dﬂwg'\ 100 ‘ ,,‘v\‘ | qh 'p’r\/\-‘\‘,; M’i'»\‘H“y'}Ahy,L‘J.‘W‘J’JV'
0+ ey 0+
0 05 1.0 15 20 0 05 1.0 15 20
#/min #/min
AN
10 000 350 000
| AR 300 000 | Pk
8 000 w I
““ 250 000 I\
£ 6000 \ £ 900 000 (
g [ 8. |
E 4000 ‘ | £ 150000 I
‘ { 100 000 [
2000 \ \
[\ 50 000 [\
o e . TS, 0 N
0 05 1.0 15 20 0 0.5 10 15 2.0
t/min #/min
B. 25 [ L3 AC IR R0 (10 ng/mL)+P9 AR
8000 45 000
7000 | Achii 40 000 f b
6 000 (\ 35000 5\
2 5000 [ g 30000 i
g I Z 25000 [
g 1000 \ £ 20000 I
E E ‘
3000 | 15 000 A
2000 ‘\ “-‘v 10 000 [\
10004 | M, 5000 |
o L \ 0l —
0 05 1.0 15 20 0 0.5 10 15 2.0
t/min #/min

C.IMEREF+AAR
B2 Beagle R M3 fAEE E A MR MRM ik

TEZED 202445 35 5 10

2.3.7  ARAEMI LR TR E T PR

K B A (I3 100 uL, 28BN “2.3.3" 1 F £
B J e B (R TR VAR 20 L, 153 5 v 43 5 K
1 000,800.,400,100,10.2.1 ng/mL H# IEARkE, M
“2.3.57H T AR, AR IR 2.3, 1712327 I R 4%
PRHERE BT, DA J88 5 28 o VR S R A () (AR
F 5 PRI TR FLAE A AL bR () HEA T2 T (A
FECR Ux') GBI R B R AR ZE N y=0.017 04x—
0.003 10(R*=0.999 0) , & B A R 50 240000 ot s e o5 Py 2k
HFERI M 1~1 000 ng/mL, &= F R4 1 ng/mL.
2.3.8 KW ARG AR

HUZS I S% 100w, fin A B 60 355 o 9 A R B 2 4
R VRS, 45 R 2.3.77 IR J7 1 40 ol okl 6 i R R (1
ng/mL) KA H 5 TRV (2,400,800 ng/mL) 4 JHT 45
FES BN R EEAS 61 o FRIE“2.3.57 T R ik ab S , 74
FEHR“2.3.17F1“2.3.27 WU T S5 HERE 3 A, B 5 H A%
JE s SN E 3 d, %48 HBDRS % B 5 0 S0 B vk B
PRIS Ee BE AT LA, LAAR X 5% 22 (relative error, RE)
BRI . G5 H (R 2) BoR, H N H AP 2 B iR 56 1
RSD A T 18.7% ,RE N 2.6%~12.4% , 7 W 1% )5 v
PR B RS 25 B AT, A6 2020 4F R (i [ 25 )
BRM,
x2 Beagle KMEFPARKEBEZRS A ENBZEE

WA R

Wigig HH(n=6) Hi(n=3)

(ngiml)  SEMBREWE (vs)(ngml) RSDI% RE% SCMREWE (vts)(ngml) RSDI% RE/%
| 1142015 B2 93 107£020 187 74
2 2204027 22102 2074023 L1 26

400 $3690£15.12 35092 40744 £ 5044 24 30

800 899.36+28.17 30 104 868,60+ 105,36 110

2.3.9  FEFURON FHRIAISCR IS

B 6 0y R PR [A] A4 25 I 100 L, 4350 A &
3 v B (800, 2 ng/mL) il A o B 2 % A A TR 20
pl, #% B “2.3.57 W0 7 sk b B, PR BRC2.3.17 A
“2.3.27 TR AR HERE BT IE SR IE TR (4) o BL6 1K
JEARTRI A28 FHIL2E 100 pL, i 206 400 pLUtiE & M, ik
Ji€ 5 min, 73 HINA = AR ST ¥ B (800, 2 ng/mL) (YA
JBR R 2 0) B Y YRR N B U 20 L, 9 5E 1 miin,
1 min J& , #5010 min, BRI, %R 92.3.17 f1¢2.3.27
TR A ERE BT IE SR TR (B) o A3l ey AT it
W EE (800, 2 ng/mL ) A AR HE 5 0] HR S VUK 20 pL, 4% HR
“2.3.57 I AR, PR IR 2,317 A1 42.3.27 00 T
PEERE T I SRR AL (C) o DA B/ICTTESER R F, LA
A/BITSAZEUAISOR DI R R 5L 5T R 1/ P e 1 5
TN bR IE— e I N T, 2SR BN TE

China Pharmacy 2024 Vol. 35 No. 10 <1217 -



G B B VR T, BRI — R 3L 5 7 1) RSD 43 31K
3.29%.9.6% (n=06) , 4 H AN 5351k 110.77% . 95.04%
(n=6) ,RSD 735l 4 13.2% .9.9% (n="6) , ¥JFF 5 2020 4
JR R 24 i )R
2.3.10  feuE il

Fie IE“2.3.87 I Jy ik il A v AV JTT B VR B (800, 2
ng/mL) (1 BT % 4F 5, B U AT 45 6 4, Hi R
“2.3.57 I N AL S PR IR 23,17 FT12.3.2 T T A%
PEHERES T, 3 B R e A BhilbRERR 4 °CTlUE 24 h,
ZEIACE 4 h RGP 3K . —80 °CHUE 7 d AR e M.
SER IR TR B S E IR A PR IR
RSD 43911 11.4% . 11.7% . 14.9% .9.8% (n=6) , /& i &t
W BERE AR R A AR e MU Y RSD 43 1 R
9.3% .11.4% .5.2% . 11.1%(n=6) , LW [6] 54 T & k¢
AR E R R, ELYFF A 2020 4R R ( rp [ 25 i) BoR
24 KREEZEE S B K7 Beagle RIE N K Z53h 2
R
2.4.1  SrEHZE 2 Kl 24Uk FE A D

O3 DA A o e 2R TR 24 R A R e 2 AR A i A ok
80 H i , 2 AJe e, & F . ¥ 12 H Beagle RFfHL/ A
JR B 22 UL 2 2 RN R 3R A B AL, T 6 1, 3
R AR R 2597 , 25 25590 i AH Y TR R B K 10 mg/kg (MR
P N AR R FH 7 4555 ) o Ir A Beagle KL RIS &
12 h(AHRYK) , A25)E 4 hitt &, 0l TF4A25R7(0h) |
Y524)55.10,15.30 .45 min f11.2.4.6.8.,10,12,24 48 h
ZERTIRE PN B Sk s 5 IR M/ N Bk BT 3 mL,
TR R piEEi s v, B0 5 min, BCE)ZE
K, F—80 °CIRAF. BUMMK , e A RMIR) & IR
“2.3.57H1 N AN AR IR 2.3, 17 M “2.3.27 W T &
RSB e TG, IR E I ST AR R R R
14 0L 245 R
2.4.2  ZIRFINZRET K282 S50

R FJ AN [v) SR AR ERF i) F) AR 2R 7 2% 1 24 v 38 9 22 i
2yt e (F03) o Il 3 AT, A 8 5 28 [T R oy kAR 4
Beagle R4 P AR B 2% A0 1fi 24 9k 3 I i R TR R B R
k24

12 FH DAS 3.2.8 25 8l 231, SR FHAE i AR RT3
%52} )7 Beagle KA N AR R B3R 19 25 31 2= S50, FRAR R ¢
A P9 28 F 28R T AR (AUC,-,) 354 X AR 9 F1)
(#£3) . K SPSS 22 #f4-3t Hidl 4140140 #r , 4L 1)
Eb R FH LR R 2200 0T, KE B0 K I @ =005, 455
IR, AR [E RS AR 2 Beagle KRR Y A R ¥ K Y%
W FE (coe) JE AR R FEZE JFURL 2 41119 5.62 1%, AUC IR T

-+ 1218 - China Pharmacy 2024 Vol. 35 No. 10

700

T 700
600 4 e KRR

6004 —o BB HFE RS ALL
500 5001

4 8 12

T T T T T T T T 1
0 6 12 18 24 30 36 42 48
t/h

3 ARBEZRERLGIAREREMRSHKTE Beagle
RERBI BT 2k (n=6)

AR TR 2 A, AR AR W R Ol 348% ., HR

PR R JFURL 22 U, AR B R [E RS- AR 4 Beagle K

PR B 2R ) Cona A1 AUC 338 35 FH 5, 2200 25

(VJF) &R (P<0.05) . 45933,

*3 2% Beagle KEAKREEZMAWESHILE
(xts,n=6)

2H ABFRRRA
AUC;-/(ngh/L) 473.226£273.251
AUCy/(ng'hL) 4743051274432
MRT,-/h 494111425
MRT,-./h 5.004 £ 1.462
tih 4556 1.681
fh 2125 1.0d6
VJFI(Lkg) 166.154£85.514
CL/F/(nghL) 27299115492 651411832
Cral(ng/L) 95.939+26.772 339,540+ 122.664°

a: SRR E R OB 25 41 4%, P<<0.05; MRT : - ¥4 ¥ B B[R] 5 1
AT 5 b IRIEI 8] s CL/F: THBRR

3 itig
3.1 T EREL

A R L T BT 5 A R 2 2 AR 3 IR 17 7 4 T
oI, 2 BRRe FH R AR A € o I A R R B A R Y
TR, AN REASI 1 A 2 ik BT AR IR R
JH 78 8508 %5 v 19 UPLC-MS/MSS B3 5 Beagle K IfiL 3¢
AKJRHFZ IR . UPLC-MS/MS B4 FH 19 7 sh A 42 45
H K RN G -/K B AESE B oy T AR T AP 55 11k
R AT AR B 4 R R R T, IR L LT
PR 5, ARSI FiT AR FH 2 MG - /K R it sh Al B, & 30
A B2 A B I ) 3 R (R DA T W A HE R T A
0.05% H R , AR R (I TEAS 1B B olests , G &
%-0.05% W RV (50: 50, VIV)VENABTSE B9 EhAH
3.2 MIRAYIERE

RN A R & 25 4 B I o8 T PR b v AR 3R
RN SR, Bl 82 AT RS2 AR i I A
H S50 At DR W) 2 R AR A PR AN A% v, ELYE LABRAS

ARFFRIE IR
1645.626 £ 480.269°
1645.721 £ 480.182

419310434
419710433
363120916
137520685
36.138+18.262°

TEZED; 2024455 35 5 10



MRS R PI R AR HORBTTE e R
B S Y RONE R R
3.3 AWtEmATRbIETTIERIERE
A= R A B 5 1 TR A R TR - TR
e SRR VEs 2 NI NPT vis = i -d S RIH v S i a
PRE ST AL B o 2R AT UE 4 I, B BT AN B
R, IR TP R F 2R B0 E 5 i 2 S D
BRI, T BC N 54 IRV AT & 2020 4R R
[ 24 3 ) SR, HA R B 2R B G AN 32 P IR ) B Y
R/
34 HAHFLWIHWAYIEEF
2y WS B SR s AR/ R R B R
Beagle R4 [ 1AM LA —Fh o [l A% , 5 2 sAs
SRR e — 2L ) £ R RV o [ O 23 RO A I 2 S5
R, SRR S W R b 25 I TE RN B B0 . R AR R RS R
A A e A9 )5, Beagle R T LA IR, PR L E 4
Beagle RAEWBFFERTE .
35 HEHFERRERSN
AWFFEEE TR, AR R R 8 147 HUA 2 Beagle K
AR P AR 2R 55 2R 11 o 11 AUC ¥ 858 35 18 T AR o 2 R}
2L, P AR R R [ 1A WO RE 25 4R AR R B R A
R A= A TS o JHEJBE PR Al 8 2 7 A JoR 3 [ 1A 73 i
PR 25 LUTCSE T 35 AF 1 N T R RS R B L
PR TORBR R R B MR
25 BRI AR B R [ R AR AT i e AR B Y
PRGN H E FITE Beagle RAKN A LE IR FHE
Sk
[1] SIDDIQUE Y H. Role of luteolin in overcoming Parkinson’ s
disease[J]. Biofactors,2021,47(2) : 198-206.
[2] BUERK, XIS AR R 25 B DS IE I T]. vh I
2j57,2010,21(19):1807-1810.
ZHU D Q, LIU G L. Research progress on pharmacological
effects of luteolin[J]. China Pharm, 2010, 21 (19) : 1807-
1810.
[3] YANG Y, CHEN J, YANG L, et al. Combination of met-

TEZED 202445 35 5 10

[4]

[6]

[8]

formin and luteolin synergistically protects carbon
tetrachloride-induced hepatotoxicity : mechanism involves
antioxidant, anti-inflammatory, antiapoptotic, and Nrf2/
HO-1 signaling pathway[J]. Biofactors, 2019, 45 (4) :
598-606.
ALSHEHRI S, IMAM S S, ALTAMIMI M A, et al.
Enhanced dissolution of luteolin by solid dispersion prepared
by different methods: physicochemical characterization
and antioxidant activity[J]. ACS Omega, 2020, 5 (12) :
6461-6471.
Gl C S Ry A N AE Y N LGN
BICPA B i 5 S BRI S [0]. R Be 252 2% 7, 2023,
43(5):494-500.
HUANG Z T,ZHANG S Y, CHANG J H, et al. Prepara-
tion and in vitro dissolution determination of Luteolin
solid dispersion with different vehicles[J]. Chin J Hosp
Pharm,2023,43(5) : 494-500.
[ K252 b 2y . e N RN [E 25 L . — 3 [M]. 2020
AFRR. ALat: v B 2GR Ak, 2020:467-468.
National Pharmacopoeia Commission. Pharmacopoeia of
the People’s Republic of China:part I [M]. 2020 edition.
Beijing: China Medical Science and Technology Press,
2020:467-468.
AR BRI e A3 AR 8 ) e SR E R AR N 254K
1L D). MR AR R, 2015.
DONG C L. Study on the preparation of albendazole solid
dispersion and its pharmacokinetics in dogs[D]. Harbin:
Northeast Agricultural University,2015.
BT R THRUTOR PR Y A R A T AL BT 20T Kk
LNEHD]. AL : P E BB AR KA, 2021
ZHAO N N. The development and application of biological
sample pretreatment method based on the UPLC-MS
technology[D]. Hefei: University of Science and Techno-
logy of China,2021.
(HScHé H :2023-11-01 f&[71 H 15 :2024-04-20)
(%t - 4B B 4R )

China Pharmacy 2024 Vol. 35 No. 10 <1219 -



