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Preparation and bioavailability of magnolol solid dispersions
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Abstract: Objective Hot-melt extrusion technique was applied to prepare magnolol solid dispersions, which can improve the in
vitro solubility of magnolol and the in vivo bioavailability in rats. Methods Four kinds of excipients, such as PS-630, HPC, EPO,
and Soluplus, which were compatible with magnolol were used to prepare solid dispersions of different drug loadings by solubility
parameter calculation. The prepared solid dispersion was characterized by differential scanning calorimetry (DSC), X-ray diffraction
analysis (XRPD) and infrared spectroscopy (IR) using in vitro dissolution as an indicator; UPLC-MS/MS was used to evaluate the
pharmacokinetic behavior of rats after oral administration of magnolol solid dispersion. Results The in vitro dissolution test
showed that the solid dispersion prepared by the 1 : 6 drug loading of PS-630, HPC, and EPO can significantly improve the
dissolution of magnolol, and the drug was dispersed in the carrier in an amorphous state. The in vivo bioavailability test showed that
the Cmax of magnolol in the solid dispersion prepared by PS-630 and HPC was about five times and 2.3 times that of the monomer,
respectively, and the AUCo-+ was increased about 37.22% and 70.88%, respectively. There was no increase in the EPO system.
Conclusion Hot melt extrusion technology can be successfully applied to improve the in vitro dissolution and in vivo
bioavailability of the poorly soluble drug magnolol.
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JEAME (magnolol, Mag) & AR Z=FEHEY) E Fb
MEBsn 22—, BARBERUEGY, BERE.
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IR AR YOI R E RS PUIE
JETE R B IR . B R YSE 55 5 T B 40 A R 197
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1 XEEHR

Process11 #UAHF AL, 32 EHFEBR KRB A
Ay 200 F3 B 2R A, 1 R A PR
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RHEMRRKRKERHEHBRAF; Waters2695 5 240
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3tk = B PURAT TSRS, EE KRR
HRAF; XP-6 HE 2 —K¥, Hi LAERH)-
FoHZ A 5]; Milli-Q Synthesis 108 4K, [
SHIH AN F]; Vortex genie WWAHEIX, 3E[E Scientific
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AR AR A .

Mag 5B, b5 20140513, &% 98%,
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EMF TR 2 (kaempferol, Kae) XfHE /S, 4t
5 K107144, JiED¥=98%, Ligbh: T A1bF
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ReqiER (HPC), HEWATEAT; HIHERM AR
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WRIREEAT: FEE, 2548 2G0A R AR
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SPF 2 SD K 24 R, HEPE, f4)fi= 200~220
g, WL LY h.Oett, & HIES SCXK
(') 2014-0001
2 HESER
2.1 &FHEIfR

AR FESHL (O) & FITR 2 AH 210 1) FHFE R
2 —BU, Mag 1) 6 1@ FEF TTHRYEAE R Molecular
Modeling Pro 73 F RPN ARV, #0416 3
T SCERA 2122, R R I, 24 2 M LAY AR
FEZHE (A <7 MPa'”? i, Mag F#E KRR H
R, 1024 Ao>10 MPa'2 i, 2 R i iR
AIREAR M2, Mag MG #MA Ad SR ILE 1,
PS-630. HPC. EPO £ Soluplus f{] A6<<7 MPa'??,
KX B AR S 29 B AR s T FLbE .
HIFER AG>10 MPa'? I EoREAVR AT BE5 294
ST FAM . Hit, ¥IP%EFET PS-630.
HPC. EPO F Soluplus 1X 4 Fh#k A, &R 4475
filemrs iy AR 3 PR =R FEA S EUE (Mag/#
R AN 3. 1164 1:9),

®1 Mag MESTTHEFNERESH
Table 1 Solubility parameters for Mag and polymers

HUIREY 0/MPal”2 AS/MPa'?  FZEME
Mag 24.27 — —
PS-630 22.94 1.33 HHES
EPO 20.55 3.72 HHES
Soluplus 19.15 5.12 AHZS
HPC 22.1~20.8  2.17~3.47 H#E
FLHk 35.70 11.43 RS
GiEaki 38.90 14.63 K

2.2 HIRBTHHIE Mag Bl 5 BUE

Mag 1% 558 105.5 “C, PS-630. HPC. EPO
A1 Soluplus [ /548 DSC Ml E KT 1055 Co N
TARTF b [ A 32 B IS T N R E B,
PIETT LR X B iR — R = TR A 4 b
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Y5 15~30 CR4, [T PS-630. HPC. EPO Fi
Soluplus 4 FRERAAMIIE ST 1055 °C, HOBUR
JEHF AL X B R 4 & 8 8 105, 120,
120, 120, 120. 120. 120, 105 ‘C. MEFFHEHE ¥ E
4 80 r/min, FEEEIARIEEMEE, KIRSEMY
BEIEL O A8 3N, PRlET e, R TR
H, WAL, R, 1 60 HR, BT s IR AR

7% M.
23 FHESSRAHLT

231 {iE%4F  Thermo Cis H: (250 mm X 4.6
mm, 5pm); FBNFHAHEE-K (78 122); AFUR
4 1 mL/min; £ 294 nm; #7835 C;
HEFEE 10 uL.

232 AHENE KR Mag. &#4k5 Mag
YIFIREY) (PM, JRELL 1:6). Mag 5% #fkH
HEAAR > BUA (SD, &FES & Mag 20 mg),
S (P EZH) 2015 G BIEIEAT SIS .
A pH 4.5 7 0.1% 5 1L A4 80 (1AL £h 2% il
900 mL, #3# A 75 r/min, HEN (37.0+0.1) C.
35T 104 204 40. 60, 90. 120, 180. 240. 300-
360 480 min HUFE 5 mL. FEEh % “2.3.17 1T ik
A 5E -

233 WbUriiiE WHELSRIE 1. PS-630 £
R, ANFEBARMBHYIAE 180 min [ BFE HE
(Digo=61.13% . 71.51% . 65.98% ) %] N Mag
(D130=21.88%) FIAHNAELVRE A ) (D130=24.73%)

1009ps-630 15 %
< 804 e Mag
604 —=-PM: Mag-PS-630 (1 : 6) ¢
= ~o-SD: Mag-PS-630 (11 3) =
5: 40- -5-SD: Mag-PS-630 (1 : 6) &E
& ——SD: Mag-PS-630 (1 : 9)
0 T T L) T
100‘|EPO 1¢,‘?§ _ o . .
et = ]
. 801 —+—Mag
3 ~=-PM: Mag-EPO (1 : 6)
= 609 -5-SD: Mag-EPO (1 : 3)
& -5-SD: Mag-EPO (1 : 6)
gzj —-SD: Mag-EPO (1 : 9)
20_//")'(4,”4
0 T T T T 1
0 100 200 300 400 500
t/min
1

X
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(1 2.5 6%, 116 WARSHYWIIHE HEFLE ST
FHofth 2 MpaRzhiE . HPC HIfSMIBHAH, 123, 1 ¢
6+ 1193 FhaEZERIHT Y Diso 7378 55.62%.
67.90%. 68.25%, EZELTHYIE HYEREARIL T
Mag G2 (Digo=21.88%) FIAHM (M FEIR A
(D130=22.41%). SR, AN[FIFZ) &2 (AR
feth =5, M LA, 103 HElmE R
HOERLREEHT 106 & 1:9, EPOKR, A&
[F) 28k 24 2 B% HA A 0 R A% A o I ) Ry O T A 5 A
10 min IAEIIE(E, AH S AERLIR G0 SR AR H
£ 480 min Pt RIS BHFHHPIIRER . Soluplus 41
(P e R I 1 5 A 3 FhaA A RIS,
A LLUE 2 Soluplus #4573 2 15 H ) HF A Rede =
Mag ¥ B

%} HPC. PS-630 fll EPO 3 Fh#ifkii=, 1:3
WAEFHYNEMERESL T 1619, K
H PS-630 il EPO 2 Fl#fk 1 © 6 AR HHY)
a i PERE S 109 Y RAHLL I o] SR T . Rt
% F PS-630. HPC 5 EPO 3 Fhlifk, 1:6 #HzhE
FHE S — 5.
24 EESEERITEN
2.4.1 ZaRHERGE (DSC) o BURE G R,
BHaEmng, DA s ey, Ny iR
S, THETEE N 40~200 C, FHEHEZFE N 10 “C/min,
DSC KL 2. Mag 7 105.5 CAbH 1 ANRELT
W HAe , X6k B Mag #4545 PS-630 ¥ B A 9)7E 98 C

2 —eMag

L _a-PM: Mag HPC (1 : 6)
—o-SD: Mag-HPC (1 : 3)
-8-SD: Mag-HPC (1 : 6)
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< . " Mag
@_ T —=—PM: Mag-Soluplus (1 : 6)
e —&-SD: Mag-Soluplus (1 : 3)
£ -&-SD: Mag-Soluplus (1 : 6)
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Fig. 1 Dissolution curves of Mag, physical mixture, and solid dispersion prepared by different carriers
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Fig. 2 DSC curves of Mag, physical mixture, and solid

dispersion prepared by different carriers

A 1 MBI I, PS-630 4 HI 8- i,
105.5 CALRIFFEIET 2K, Wil] Mag 72 LAJCE B
SECTH Y . Mag 7E HPC Fll EPO #ELE A4
H (RRRAE U 23 BIEE 99.5 CHI 105 Chb, #4153
(55 PILEAR AL B R RFEVEFIRETH 2%, B Mag
WAL E TS AEER .

242 X-BHEATH (XPRD) 4047 BUEEFE
1T XPRD 2%, TAEZMF: Cu-Ko #4758 (B 24T
WL, &K 40 kV, R 100 mA, F1HE 20
N 3°~80°, K 0.020, FAHEEE AN 1°/min,
45 90L& 3. Mag 7E 26 4 11.32°.13°.19.54°,19.8°,
21.72°, 23.02°. 26.28°. 26.72°1 30.54° 445 R4
n RNTS I . 25905 & BRI BR & WA AH B A B
TR BE A X LRI, 7F 3 FhEk RIS B B,
XL RARATHIIERTE R T, B LIRS
BT8R, TR e TR A AR5 4, XPRD 1)
455 DSC — .

26

B 3 Mag [FE#izy. FRFGH ZYIEREY (PM)
E k5384 (SD) #I XPRD
Fig. 3 XPRD curves of Mag, physical mixture, and solid

dispersion prepared by different carriers

243 ZLAMGIEE (IRD 70 SRARAGER ikl
JESFES I IR, JEGE ] 4 000~400 cm™, 73 HE%
N4 em's ERILE 4. WNEFRIL, Mag 75 EFH
b O-H FHEWAREN AL T 3 157 em ™!, JIE 5 C=C fii
FEPRFNENI T 1 640 em™, L5 4R BN 135
1610, 1490, 1410 cm™'. PS-630 ZLAMGiE BonrE
1 737. 1 664 cm™ {15 C=0 {45 #R5NIE. Mag
PS-630 FIAERIER & 40615 ALl TP & 20 A1 S Y
AW, HAE3 157 em ] NI 4E RS -

SR Mag 5 PS-630 fill & 45 f [ K 7 BUALE 3 157
em ' AL FHRAER SN LT R, U0EA 44 4 i
Mag 5 PS-630 Z[a]AJfEfFIESSE . HPC 1E 3 480
em ' 4 O-H Hi454E5), EPO 7£ 1 730 cm ' &b
C=0 h4#kah. X 2 PpILHAEA RS Mag H1(1)
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O-H ZERIE T i B R s B . I 4 W51, Mag
T3 157 em ™ eI EEIRBNTE S 2 PR EWIE AT
VRIS AT IR T L, (R ) 2% P ] A o o
{RZEHRBTH AL, BB Mag 51X 2 Fl SR & W7E#
JE B O R BB AT BB AR T S

2.5 KREAZGRFEMRR

251  IMRFEMERE ST HUSD K 24 H,
BEHL N 4 2H, $%88 Mag 20 mg/kg 7 & ig Mag Ji

SD: Mag-PS-630 (1 : 6)

PM: Mag-PS-630 (1 : 6)

SD: Mag-HPC (1 : 6)
PM: Mag- 1 06)

M

S

SD: Mag-EPO (1 : 6)

PM: Mag-EPO (1 : 6)
S e

r T T T T T T
4000 3000 2000 1 000
viem™

4 Mag FRIZ. TREEHSNIERESY PM) M
El{& 5804 (SD) BY IR
Fig. 4 IR curves of Mag, physical mixture, and solid

dispersion prepared by different carriers

BI245. Mag-PS-630 (1 : 6) [EfA7rHifAk. Mag-HPC
(1:6) BEREUA. Mag-EPO (1 :6) [E{As#k
o %), 4T 5. 105 204 30, 45 min K& 1.
1.5, 2. 4. 6. 8. 12, 24 h HRAEHUM 0.5 mL, BT
&4 10 pL FFEA9 1.5 mL EP &1, 6 000 r/min
B0 6 min, U EIEIMIK, BT-20 CUkFH A%
PRAF# . BUm 100 uL, JONFEERINAR (Kae)
% 10 L, JWHERAIIS, M 50 puL iREERN 0.05
mol/mL [ HCI {&W M 1mL [IESES 2B IR W, T iE
V84 5 min, 14 000 r/min &0 5 min J5, B EJEWR
800 pL, BRI OHETBEIR 4B, H 100 uL it
FAHEYE, W 5 min, 14 000 r/min 50> 10 min,
B b3 80 uL £5i.
252 MHKE S AT 71 B AL

(1) i %A Acquity UPLC BEH Cis 4 (100
mmX2.1 mm, 1.7 pm); A& 40 C; HahtAL
E-/K (25 1 75), B R 0.3 mL/min; BEFE R 5 pL.

(2) Bkt mmis S (ESD, RN
WS e PR (MRMD, 757, 515
T 150 °C, BLIAFIEEE 400 °C, BAEFIRFR E
1 000 L/h. Mag m/z 264.9/247.4, {f B} [A] 1.44 min;
Kae m/z 284.8/92.8, {i B} (7] 0.84 min.
253 JiiESERE

(1) bR 5L TEVER: FEx BRI R A
MR AN TR B B VR FERR B2, BROW I 10 L,
A 100 pL 23R, 4% “2.5.17 TR M3 FE & 4k
HFEOPVEACER, HERERTIN,  DARRI R o3 o7 B FE A
AFR (XD, FRRLr 5 bR BT AR BB N AL bk
(Y, Rkl — et AT BHE 5, 3 EE 77
£ Y=0.039 9 X+1.191 3, r=0.997 2, ZMEiuH
1.045~1 070.500 ng/mL.

(2) BJEM: BOKRZE A MK, =5 [ iM% +Mag
X I8 ST N ARTETRORIZA 2 4 h J IR i
BIEAT bR, AR 5. AL Mag 5AFRE
ANga, HOK R 2% ] IR PEY B AT Mag 9052

N

A | ; \Kae C [\Kae

s A SRR ¥ | /l \

I | [\Mag {«\\Mag

PSP 5 NS S L WO 0 ‘/ \\‘ / ‘\\

0 0.5 1.0 1.5 200 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0
t/min

E5 zZAME A). EEMEMA Mag 5 Kae (B) MALEHERMEHER (C) BIRIE
Fig. 5 Mass spectrogram of blank plasma (A), blank plasma added Mag and Kae (B), and plasma after administration (C)
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(3) WEESHERMEZ: FHERB ALK 100
uL, A W AR S E (404 500+ 1 000 ng/mL)
(0 R SR 10 L, #% “2.5.17 WUF kAL,
RERMIRBE AT 5 4, AL 3 4k, dEREMT, HEUE
WRERURE % . 45 o Mag [ H WA % E RSD
AN 11.48% . 8.67% 9.27%, HEHHE 4> BN
107.32%- 106.77%. 99.45%; H k5% &% RSD 4
BN 13.5% . 9.73% . 12.38%, HEH 4> Wl N
106.74%-+ 99.72%- 103.45%.

(4) FEth: AW I 100 pL, A
Byt B EIRE (404 500, 1 000 ng/mL) ()
XTRRAW 10 pL, SIREPAT S s 3 FRLF
ZAFRAE: HIRE 120, —20 CHAF 14d, =i
REVRRL 3 Ko FIRFES R “2.5.17 T 7202,
HEREI T, METRFE N 96.07%~114.93%, FasE sy
HER.

254 HAEALE Fri5%dE H DAS 3.0 253 AT
Pha, 2ok WK 6, ZARR SR 255
ZH (3R 2). Mag ARG Zj)E, Cmx N (65.40%
13.74)ng/mL, AUCo-, 4 (600.35+181.67)ng-h/mL;
Mag-PS-630 [E A&7 ik 2H . Mag-HPC [E| {47 Hiiik
H. Mag-EPO [E A7 HUARLH Crax 77718 (304.59 £
136.48). (151.75+26.37). (83.49+22.37) ng/mL,
AUCo, 435N (823.81+152.63). (1 025.90+
149.93). (477.30+159.46) ngh/mL. %5 % % W
PS-630 F1 HPC il 3 [ [8] f 7 H Ak 8 Y2 3 32 51 Mag
B Crnax F1 AUCos Crnax 739120249 Mag HAKH 5
f5H0 2.3 £, AUCo- 73 ill$eim 1 37.22%H1 70.88%

500
—— Mag

400 )
o —— SD: Mag-PS-630 (1 : 6)
—
=
&n
)
P
¥
=

+Mag

= 150 ——SD: Mag-HPC (1 : 6)

E

&

I

®

L.E:

g

+Mag

= ——SD: Mag-EPO (1 : 6)

= 1004

g

£

@

{é 50

g

0 ) T ] 1 1 1
0 4 8 12 16 20 24
t/h
6 Mag JERIZHF1-E ST & B E o 2 BUA 2R h 2%

Fig. 6 Plasma concentration-time curves of Mag and solid

dispersion prepared by different carriers

*2 KR ig Mag RRIZAMAREEFIE R SEFEIBENANESH (X £5,n=6)

Table 2 Pharmacokinetic parameters of Mag and solid dispersion prepared by different polymers in rats after oral

administration ( X %s, n = 6)

FE tmax/h Cmax/(ngmL™")  AUCo-+/(ng-h-mL™") tin/h ARG AR FH B 1%
Mag 156741510 6540+ 13.74 600.35+181.67 7.520+ 6.230 —
SD (Mag-PS-6301:6) 0.530+0.250" 304.59+136.48"  823.814+152.63"  6.066+ 1.879 137.22
SD (Mag-HPC 1 : 6) 0.370+£0.075  151.75% 2637 1025.90+149.93"  17.63+ 5.020" 170.88
SD (Mag-EPO 1 : 6) 1.1704+0.620  83.49+ 2237 477.304159.46 13.81+11.780 79.50
5 Mag FRIZGHIEL: "P<0.05 "P<0.01

"P<0.05 " P<0.01vspure Mag

1M EPO il 5 14 ] 4 3 B oA DL A P A 00 FH R S
EERe
3 e

S =5 R HRIF 7T & AR H o) 4% 10 [ 4440 i
B TIHFNE. RS g T 2R MBI R

e M2, ASZE6 %k HY PS-630 A1 HPC 2 Fh#ifA,
KPS ST A 28 1 AN [ A o Hids, 2 Pk
A REHE R JE AN R AR 13 H R K SRR N 1R AR 0 )
FE .

XFT PS-630 1 HPC 1A 5%, WEIREYIHIHEH
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WA BRI, JREAIX 2 MEAR R KM
Bl BAERNEMER, (HARXT B #2459
HAELATC T8 TEASAEAE , WO tH T R R A BR 627,
ST EPO AR, "B REBETERR A Al iR s s
fift, RNEAELGYRIE L RER ZPASVE L, [E154
TRV B P B [0 (14095 ) e 0% 08 81 [ 4 3 A 4 1 2%
B, X ALLF EPO il #5753 14 [ & 2 B 7E AR J B5F (7]
WILF5e 41w 128, Soluplus J&—Fi A HT H
FER A, EH PEG EEER T HiKkMIEH, f#
FOKBHEEAG, EEBA R REKEE, S
TE AR 1 250 3 LA P90,

EVR sz, PS-630. HPC A1 EPO 3 Fili#
A HI) 75 14D 4 43 A 250 i S 2 4 v T AN P 7 L
e, (R PNSLEe T, 1 EPO 45 [ 44 2 B i
A ILAE IR 0 o BRI AT R8N EPO #4531 [H]
P BUARTE B A RIS AR Y B AR, I i
ot B AR b R 4 B AT R RS ) R R BV, R
RIS HI 25t N e, b5 %1E pH (7t &, EPO
WIRERRAC, TERt, SECAEMINZYE
Wt g, (ERAMIRICZ BIHES, IS EEY
I B TE A 128,

SE R
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