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Different preparations of magnolol: Preparation, characterization and
pharmacokinetics comparative study in SD rats
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Abstract: Objective To prepare magnolol solid dispersions (Mag-SD), magnolol phospholipids complex (Mag-PC) and magnolol
solid lipid nanoparticles (Mag-SLN), and compare their effects on the pharmacokinetics in vivo. Methods Solvent evaporation
method was used to prepare Mag-SD and Mag-PC. Their existential state of Mag in Mag-SD and Mag-PC were analyzed by X-ray
power diffraction (XRPD). High pressure homogenization method was employed to prepare Mag-SLN, its particle size and Zeta
potential were also studied. The dissolution in vitro of Mag-SD, Mag-PC and Mag-SLN were also studied compared to magnolol
suspension. SD rats in each group were administered intragastrically with magnolol, Mag-SD, Mag-PC and Mag-SLN, respectively.
The concentration of magnolol in blood was analyzed by HPLC, and the main pharmacokinetic parameters were obtained. The
pharmacokinetic behavior and bioavailability of magnolol, Mag-SD, Mag-PC and Mag-SLN were also compared. Results The results
of XRPD indicated that magnolol showed an amorphous state in Mag-SD and Mag-PC. The average particle size and Zeta potential of
Mag-SLN was (161.37 £3.77) nm and (—29.16 +1.83) mV, respectively. The results of dissolution in vitro indicated that the cumulative
dissolution of magnolol was 30.6% within 12 h. Mag-SD, Mag-PC and Mag-SLN enhanced its cumulative dissolution to 96.3%, 76.4%
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and 45.9%, respectively. The results of pharmacokinetics in vivo showed that Cmax, AUCot and AUCo « of Mag-SD, Mag-PC and
Mag-SLN were enhanced greatly compared to magnolol suspension. Mag-PC, Mag-SD and Mag-SLN increased its Cmax from (429.67 +
53.12) ng/mL to (533.62 £59.01), (721.73 +£103.44) and (1 063.21 +108.22) ng/mL, respectively. The bioavailability of Mag-SD,
Mag-PC and Mag-SLN were enhanced to 1.38, 2.12 and 3.45 times, respectively. Conclusion Mag-SD, Mag-PC and Mag-SLN could
promote the absorption of magnolol in SD rats notably. In addition, Mag-SLN could give a better effect on the bioavailability.

Key words: magnolol; phospholipids complex; solid dispersions; solid lipid nanoparticles; bioavailability; pharmacokinetics; solvent
evaporation method; high pressure homogenization method; dissolution rate

BN G R AR kb 25,
Foat B EORE, M RG22 — EANm
(magnolol, Mag) HAH RS XL
Fady BT BUIRE . BrEA. RIT O
FRAGERIEYE . (H i TR B IR I 3 i 22, HAE
VORI EEARARI . DR, o538 B AN AR, ik
FAR AN, Y R PR B 1 3% 75 2 e i)
M. H AT O EANS IR AR R S TR AR 11
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WifE 2 &%) (phospholipids complex, PC) £
AR VI M 5 1 245400 5 1 i 3l g TR FELBHE ol — b
BEWIG, 23K R R v v vl R 43 AR 5
AIE 2R, B AR R . A ) A
(solid dispersion, SD) L4254 T35 /KM
SFAEL (PVK K30, VISV 188 45) i, wliE
IR, AR 25 PR gk N MRS 2R
e SE YR B . BRI 49Kk (solid lipid
nanoparticles, SLN) BL@—@ IHIFIE AR, #4E
HHAH AR5 = (IR A RS 25 46 ORI AR AE. 1~
1000 nm FIRKLLE 2 R GE, WML s A R Jo s
EVE, SURIRCGRE, REEMRIAE. BIREF
7y 4 P 245 A A [ o Ok A F e 4, (O
RAER—261F T B — 35 ik 9 25 3 2 e IR e A=
VI PR S . ASHIE 9T 1 YRR T 45 T JEAD
Py [ 44 g 5 49Kk (Mag-SLND, FFEb# T Mag-
SLN. JEAMBENE S &4 (Mag-PC) FlJE AN i 44
SrEUAR (Mag-SD) 3 Fiifil I 7E SD K B4 1124 3))
ABDL, N EANE R A AR S %

1 XEEHR
1.1 &

FA2204T BUH1R°F, LB &, Dor Yang
A F]5 1200 Y HPLC (3, ‘24 A H] 5 CI-78-1A
RURE 1P 2% . DZF-6050 7 5 25 T-eAs, g kit
B2y 2stik) ; D8 Advance B! X ¥y R ETERATEHX, 1
Bruker A )5 110-L2 2 i ¥ F AL, Mfic 2 F];
DW-86L28 AHiCiR KA, $#ENMEA T Nano ZS90

IR KR EAY, HoE Malvern A ®]; R200 B jig#4 7%
KA, BUCHI Aw]; HF5000 %93 5 i1 5 il e
(TEMS), 200V, Hirm#iHiARAR; LGI18-D Y
AN HP-15 BRI, SRR A F .
1.2 #RRzh)

JEANEY, b5 M160515, JFiE/r% 98.0%, fE
JEAEMFHCE R AT JEFN X R &, iS5 110729-
201508, JiiE /%L 98.8%, HIE A 525 A AT
Be: KEUIBEAG, L5 190511, b ARMEZ AR
NFE B B K30 (PVP K30), fits
25000240379, Ashland A #]; IR H s, 5
20150915, AEMFHEAEMRHEARAR; g
188, #t*5 P21489, EMikAAl; EILALEE 80
(Tween-80), #t5 201806-4, FiidiiEMEIEH
PBRAR . SD KE, f&FiE (300£20) g, WHH
A SRIEY L, WFRIRES: WA 20 C, @
FEH 45%, BT RTHES SCXK () 2016-0002.
2 RFEEHER
21 ErBEENE
211 fmiEEM  GikHA Kromasil-Cis /4 (150
mmX4.6 mm,5 um); 73 35 °C; K K 293 nm;
TRENF A EE-7K (66 © 34); fRFRE 1.0 mL/min;
HEFEARRR 20 pl. fEZAISEEM T, HRATHRE
el 8, JEEANEY LR BE I 1] D 7.50 min, £ i ] L
K 1.

212 ZKMEXRFEL KEEFHUSE NG 12.20 mg,
BT 10 mL £t . R HEE-K (76 2 34) JRE
RWGZE L FFEK, 0.122. 0.560. 1.220. 3.050. 6.100-
12.200 pg/mL. 4370k HPLC iy, LB RIRE
REAERR OO, WETBUAMAANE (YD, AT
HJEAR [R5 FEY=17.128 3 X—2.881 4,r=0.999 9,
ZE LR EFNRE 0.122~12.200 pg/mL £k 5% &
RA4r.

213 HEEAIAEEHI % B Mag-PC (£ 10 mg).
Mag-SD (%) 10 mg) F1 Mag-SLN (1.0 mL), BT
25 mL &=, IEEEE 20 mL 5 5 min, R



« 4444 » ¢ $ % Chinese Traditional and Herbal Drugs 5551 % % 17 #] 202049 A

i

/{ |
C

I SN

D j{bm}
E /{Mﬁ

t/min

E 1 =R (A). Ef@mxRa (B). BEAaHEF (C). E
RBERAKRAL (D) FBEE A (E) B HPLC

Fig. 1 HPLC spectrum of blank (A), Mag reference
substance (B), Mag-SD (C), Mag-SLN (D) and Mag-PC
sample solution (E)

MR e R 2% EL, 182155 000 r/min &0 10
min, B EEWR 1 mL BT 25 mL &, RshiiE
2%, RIS i VAR

214 ¥R JEEFTEWREN 0.122, 6.100.
12.200 pg/mL FJE RN S FE VA TRAE AR, A %
JREIWREE, 2R3t HPLC (i il 5E JE AN o i
TR oSS R IR, 3 R BRI T 4y il i 4t 1&# 6
W, @RERHNEEE RSD H7 78 0.20%-

0.16%-. 0.32%. 3 Pl | E il B RHEFE 1K,
#4: 6 d, SSRERHMKEEE RSD H 5N
0.55%. 0.78%. 0.61%, F&%FEFHH .
215 FEtRie B “2.1.37 TR Mag-PC.
Mag-SD #1 Mag-SLN It sV, 2300 Tl 4% 5
0. 2. 4. 6. 12. 24. 48 h #t HPLC {3l »z i
MR, THEAR 3 AMERIEIRAE 7 /MR ST Y
RSD {43 %A 0.59%. 0.66%. 0.81%, FFifaseE it
Bt o
216 EHEMKE 450 FATE G Mag-PC.
Mag-SD A1 Mag-SLN 3 M i itk i i i, % 6 1
g3t HPLC il il e AN & . 4R BN 3
ANFE ity JE AN T B 40 £ RSD B 43108 1.14%.
1.74%. 1.33%, ULBHESEMERLF.
217 hokeREE KK 40 H Mag-PC 11.26
mg. Mag-SD 10.84 mg 11 Mag-SLN 1.0 mL & T 25
mL S, 23 Al IR ) AN A & 1) 50%.
100%- 150%, BN JEFME XS IE &, I EEZ 20 mL
JE A 5 min, SR H B € A 2 2 E 4, IR J5 5 000
r/min B0 10 min, B EiEWH 1 mL BT 25 mL £
o, B E R, WE JEANG S A R, tHE R .
SEREIR 3 ANFEACE IR B2 53 5 99.11%.

98.54%-99.74%, RSD 4 54 1.49%.1.73%. 1.64%.
2BV T DU T B AN & &
2.2 Mag-PC #yHll& B SR

FREX 0.27 g JEAMEYF1 0.8 g KT INEE/EE 100
mL PUSRm 7, SR . RN 50 C,
B8N 800 rimin, $iFERA 3.0 h JE1SEIE AR
R 2 B VB TR VA VR P 98 e 78 B 2 DU &
WemR, WOERBREY, RIfS Mag-PC. JEAMH S5 KT
NG R S A LR A, RIS

e AT 46 Cu-Ka BB, $935EE 8° /min,
HLE Y 40 KV, 260 843° ~45° ., 4 HIBGE R E
Y. KEEBEAE . YFR &M Mag-PC B T3¢
HRRIVIRE Y, AT, B LR 20 EANT R
ARGV T IR E A, K IR
1E3° ~9° HI/ & AL (EX R AN 5 K5 0N
e H 2% B Mag-PC J&, JEEANEYFIK &2 SR 1) 4
BUWESSTH O, VB JEANR AR TEIRES A T B8 .
2.3 Mag-SD Ml & R &EE S

43 MIAREL 0.27 g JE AN AN 1.35 g 1) PVP K30 &
T 80 mL /K LEEH . TR JE N 50 C, #id N 800
rimin, $#HERM 5.0 h JFETEER . [FEREFM:
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T, KETEEICR R e &R XK OB, WUE
By, R113 Mag-SD. JEAM95 PVP K30 (42
TRA Y A L R A, RIS

a2 M B SRR “2.27 TR . 43 BIEUE
HEAE . PVP K30. ¥HIE AW Mag-SD &
T FAR UIRE A, AR A o~ 11 5 34 355 1 )
Fr R AT, EIE W 3. JEANG R 2GR
HVR AW [FRE K & AL, (EDR R AN 5
PVP K30 il % /% Mag-SD &, JE AN [T i B Ug 430
W, UL EANBE Mag-SD TR IIFEfEIRS KA T

Mag-PC

WELR S

REIBENE

JE A

3 9 15 21 27 338 39 45
20(° )
& 2 Mag-PC B9 XRPD &g
Fig. 2 XRPD results of Mag-PC

Mag-SD
R S

PVP K30

e

JE RN

3|Ié|1|5|2|1|2|7|3|3|3|9|4|5
201(° )
&3 Mag-SD 8 XRPD &g
Fig. 3 XRPD results of Mag-SD

2.4 Mag-SLN Bi&

Y ARG % H i s 240 mg, K . BEESE 60 mg
AIE RN 30 mg B T 15 mL ZF%, I &E(75+2)C
ARG RIEE NI . B 200 mg &V 188 BT
W)y (75+2) C. #Fy 20 mL 28K Ep
57K AH. A 1000 r/min, A WA A K
FF, REEiPE 4h, KRGS 10 mL J5 RIS IR .

BARIFLHEAT A 15 min(800 W, TAE3sakE 15),
ik B T UKFE AT [E 4L 20 min GRE N4 C)H, B
3 Mag-SLN . 225 SCHk 77 vE B e L 0N
78.34%, #HZjEHN 6.16%.
2.5 Mag-SLN B9ZR{E
25.1 KifE4rAi K Zeta AL HY 3 it Mag-SLN &
B, SRHZMAKIZE 1 15 3T R, E-F1
WifEA (161.37+3.77) nm, PDI A 0.108+0.022
(Bl 4>, M55 Zeta HAIH (-29.16+£1.83) mV
(K 5),
252 AM5MEE B Mag-SLN JE2, ekt
BRI L, B AR T 2 A .
TRETENBE FIME, SR 0LE 6. 6il&m
Mag-SLN A LBRIE BERIE, K1 (A JC R .
2.6 Mag-SLN FF#r9Hl%

K FREVE R TR 7. HU Mag-SLN R &
V5 mL BT PRI, N 10 mg/mL ) FLEE A TR,

\

1 10 100 1000 10 000
iz /nm

E4 Mag-SLN BESH
Fig. 4 Particle distribution of Mag-SLN

-150 =50 50
Zeta HLAZ/mV

5 Mag-SLN HJ Zeta BB{iL
Fig. 5 Zeta potential of Mag-SLN

&6 Mag-SLN By TEM &
Fig. 6 TEM results of Mag-SLN
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2. T-55 CHdk 12h J5, BMANGHTHLH, TE
ERN-45~-30 CHZTHZ 48 h, ZIgAEE
25 C, fx¥F 6 h R143 Mag-SLN ¥ T#1.
2.7 3 FEIFIAINA HIER LR

Bl Mag-PC. Mag-SD Al Mag-SLN % T-#3i& &
(EABY SHEYN 10.0 mg), FVE LA H %
REWE, BREENRT GREME ST RERN
8 000~12 000). FFH4 0.1%[1 % 111 5L 80 ) pH
fHv 4.5 BEERERGE pPRAE RIE AT, RFN 900
mL, #4100 r/min, &N 37 Co HBFH] SUHL
FE3 mL, KESAMNIZ AN 3 mL. HPLC JIE &
P&, THHERBUAHE, LA, 4
HILE 7. EATERIZE 12h NI RBEHER
30.6%, T Mag-SD. Mag-SLN #1 Mag-PC 43 51|41 J&
B 12 h N BAE R S A 96.3%. 76.4%.
45.9%. TEWIGERTEL, Mag-SD ¥ R b, 1
Mag-PC I Mag-SLN E A & 122 B RH1E, H
Mag-SLN 7& £ /> B (8] S0 SR A B m T
Mag-PC 5l JE M ik} 24

105
| At
8 754 F 4
# | —+ B
i (/ —e—Mag-PC
X I
EITI{ P ,—! i #—Mag-SD
- : ¥ —=—Mag-SLN
4 6 8 10 1
t/h

7 fRSMNETGHRZE

Fig. 7 Invitro dissolution curves

2.8 SD XKRMAAZNEMR

281 S KIMAERSE  H24 RORE, MEREFA,
BEALS> A 4 AN JEAREYZH . Mag-PC 4. Mag-SD 41
F1 Mag-SLN 4, 25257 &E2N 80 mglkg. SEHT
AR 1d, AR MERIFRBIENEOE ST,
A KR T ig 44245 0.17. 0.33. 0.5. 0.75.

1. 2. 4. 6. 8. 10. 12 h HRAE#H Ik MM L) 0.2~
0.3mL, B THEMELE, %R G, LRI 3000
r/min &0 2 min, T-20 C%M FAGIRAFIME .

2.8.2 IMFFEMAIAHEES He SD KRR, REFG O
AEER I, 2500 EE B, RIS Ak, &H.
RS Y 200 pl % i SRR BT B0, s
IR 2.6 1.0 mL, #WHERE % 3 min, & 1 min Jj54k5:

WRHEE 3 min. 8 000 r/min &0 2 min J5HL FEA
BUAH, 45 CHMFTFERAWRT. IMAFEE 200 pL,
10 000 r/min &> 6 min, EPFFILRRE FvAw . Hrd
2580172 5t HPLC I sl AH Ui 4 4 FBE-7K (58 : 42),
HA @GS KRR . A M 2RFE 5 A2
Ko R HPLC i B WL 8.

A
B
FEAPE)
C
JEAME)
6 21 é I 1|2 I 16

t/min
8 THMEK (A). MEHm (B) MMRIMBRZAR (C)
BJ HPLC
Fig. 8 HPLC of blank plasma (A), plasma sample (B) and
plasma reference solution (C)

2.8.3 MO IE S ECH] L R R FEHR RAE
FA 11125 P 1) o A D 30.54 61.0. 122.0. 305.0.
610.0. 1 220.0 ng/mL ] — R F1 JE APy I 5 %oF Rt
Mo T%HR “2.8.27 T jiAALEE, BIAS 256 HE A
W, B 20 pL 3t HPLC. DA SR BN ALFR (XD,
W T AR AR B AR (YD, 34T ER A 0] ) J 45 [
VA7 Y=0.0131 X—5.357 3, r=0.999 1. 455 %
By, JEANEZE 30.5~1 220.0 ng/mL £tk R K.
2.8.4 JNESEIGAUE BUMAEAES T 0. 12, 24, 48.
60. 72h &R E R WG IEE HPLC Bk o) &
JEAMBIETE AR, 575 RSD 1 10.38%, i W IfiL
WFEMTE 720 WERERE. BiRaREARE.

% 30.5. 610.0. 1220.0 ng/mL 3 M B I
IR S AR . ERRIRE . Rl
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BEFE 6 Ik, RIS HAIFE % M RSD E KK A
11.36%. 9.69%. 7.03% (n=6); fKiFHFE 1 X,
HL: 6 d, RIf5 HAKE% E RSD fHAK KA 8.11%.
6.84%. 6.03% (n=6).

KA A B 30.5. 610.04 1220.0 ng/mL
3 AR MRS, SAHEHE HPLC il
AN 5 Vg TR AR, 3228 A1) 5 F2 Y=0.013 1 X—5.357 3,
THEEAE, 5 S92 e i) o7 By FE AR L A5 HA 1 Rl
KON 90.69%. 95.42%. 91.97%, XTMf) RSD
N 7.66%. 8.84%. 9.16%. I DA% ST A I Ab
B8 R A0 T 0T T SRR AN 1R
M5E
285 MHHNZZFEHR BEFHZ . Mag-PC 4.
Mag-SD 411 Mag-SLN ZHL M3 FE 5, %18 “2.8.27

WUR A G 3T S BN E, el 2- th 48,
S5 LK 9, K DAS2.0 25556 H sl & %
TE’ %%EL% 1. Eﬂ‘@ﬁ?ﬂﬁﬁ tmaX\ Cmaxx AUCO~t
43518 (0.7840.23) h. (429.67+53.12) ng/mL.

1.4+
—— JEANEY
—=—Mag-PC

——Mag-SD
—=—Mag-SLN

259K B /(ug-mL1)
o 5
i
P

0.2

oH
N

9 5L (n=6)

Fig. 9 Profiles of plasma concentration-time (n = 6)

xk1 XEHAHESH (n=6)
Table 1 Main pharmacokinetic parameters (n = 6)

ZH ¥ JE AN Mag-PC Mag-SD Mag-SLN
tmax h 0.78+0.23 0.86+0.28 0.4940.12" 1.26+0.34"
Crnax ng-mL! 429.67+53.12 533.62459.01" 721.73+103.44™ 1063.21+108.22"
AUCo nghmL?  1217.81+153.29 1 680.68+169.34" 2580.20+294.18" 4196.94+453.08™
AUCo.  nghmL?  1293.11+170.35 1781.53+193.64" 2 692.19+348.63" 4 417.30+506.81"

5EMB LR "P<<0.05 *P<<0.01
"P<0.05 "P <0.01vs magnolol

(1217.81+153.29) ng-h/mL. %k Mag-SD )5,
H trax BEVERATE (0.4940.16) h, 1ff Mag-SLN
I trax HEMREJG S (1.2640.34) h, Mag-PC
I tmax N (0.86+0.28) h, FAHILESG, HARH
BEZER (P>0.05). Mag-PC 4. Mag-SD ZHAil
Mag-SLN 1] Cmax 737 #2 % (533.62 £59.01)
(721.73+103.44). (1 063.21+108.22) ng/mL, H.
BERFEMEZER (P<0.05. 0.01), B 3 Flifl7)
TS nT (i gk JEL AN A P RS o 5 AR SR R 24 A L
Mag-PC 2. Mag-SD 411 Mag-SLN 411 17 AR AR XF
VR ERESE 1.38. 2.12. 3.45 1%,
3 Wig
31 [MmiEHFmAIALE

TELBN R FE,  LIRAE S R A BRI R X S5
SE R HER RS ORI . R &% e R
WUAR (REE. A% viEsEd, HHER O
R, AH [ RAALAE 54.11%~68.79%. 1 A it
1R CPR EAEAIUN, Rl S in 2 90.69%~
95.42%. HFF4E FRRE,  JEANG 5 12K A 2 0]
AIRE AR AR ) AR E R 1%, SECE L

AU B A, EANR 5 KR A4 S BN R .
R, SR BEEEIR O B EAR U AT, Hik
PRI 2 K itk .
32 HYFEERSIIAL RARNZENFEN

T BRAS & — PRk i, M2
RUREAFAERT, AR B MR, wHER. £
R YB3 B B R R IOl 1) % v B
BHOANE, A DA B F G e BORE R . [ —
YT AN R G a2 BOIRAS 1 R . AR F R A
STl REAE BTN A o A B AT 43 ) 2 K R W T
(Mag-PC) F1 PVP K30 (Mag-SD) 4 7 JEAME} 2
FRICE BRI, AR TEAR S H A4 Py iR i
IR ZE . Mag-PC 78BN AR i F 1
LR R 2212, T Mag-SD 1Y ] 45 min /2 47 i [A] 52
U LT 43

RN 2B 2EF T 45 R 7R, Mag-SD [ tmax i
ZYEIRAT, 1 Mag-PC [ tmex HI LR EMEER.
Mag-PC AHMAHX AR HEEIR S A 1.38 fi5, 1M
Mag-SD A mE = 2.12 £ . #EiRIEMA, PC HH]%
AR AR TS AIR T, 24 PC Befi/KAH (7
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WA JE, BN T S Is 2 A A . Tk
1%, SRV SRR BR AR, (R E
2B KT o R #E PC. SD Al SLN 3 Al 75,
PC A= WF] FH B 12 =i P A R AR
3.3 WARFEARIRSEYF AENFIRME
GORHEARIE A AR ERR T Itm 24
PRI S5 H BS54 o, 385 SLIN 7R P R BR
WAL R Ko R 13181 Mag-SLN 1 tmax 2 2 P 4E
J&, B2 T 5 SLN A & BAA ZRAE A1, AT gt 5 SLN
5 8 i i b B it I Y sl R A i B A o2 el
JFRIZ5 A E, Mag-SLN 45 (1 11 AR X A6 4 A1
P2 3.45 fif. HOR Mag-SD 24 g R AN
JE iR, EAEYIRIH AR T Mag-SLN, Alfg& B
EAE M BB pH ESFEZEEN T SD 24
(I MR PR AT L7290 - gt oK 1) 751 F 0, B A P W S 32 v
2yt fa e pERO22, AR FRDE I kN B4R
MR TAN, ISR S IE S SR T 4
L LG AT RN LGB AT R, R = T AR B
R 24 20 P v B e RIS, AR SN (e R AR R
oMU, {Hf% TR R SR & IE I
FEAR R WA
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