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8 I 57 1R B Bik % I & JR Al SCF-CO, == B4 B Tl Al
REBHEMAHNFER

B, BEAS, KFR, K&

(P T ERMRSBRITERE, 4 )M 510282)

FHE: VB YO B AR (RESS) #1441 245 JZANEIE 5 CO, (SCF-CO,) AU, HIBHR 1 1%
FEARH F- R 2R af AT R LR . DOP SRR JEAMEY (magnolol, MN) K FIJEEANS (honokiol, HN) [1)E
P25 5 R 2 568 hR, KM Lo(3%) IEATSEE, XHEMI RESS 46 /54 SCF-CO, A HUMIMBTHOBURL 1 [H 22 (AEIGHRIE . 25
HUE S WEMEALAE) BEATOLE, JHE i s, HPLC. &5 A B K ik P S sizge it b 1 S AP Fe b gk AT 25 2%
LT AR A A N A BGIR T T=50 °C. AHUE /) P=25MPa., WiM§fL4% d =100 um; BEAAF N2 A ORI T,
FLBE T A AN B PR EPCIR, BRI 4.7 pm, BT RSN 91.2%. 75 15% T EEH 90 min Py JE 4k
SCF-CO, A< HUYB TR K3 tH B K 14.77 meg- L™, W& 154 SCE-CO, A MU FURFRL 1 1% H FE 6.37 mgL™!
(P < 0.01); PHZLK o5 B JFORERL IR AN RESS i FIRAEWE, AR I 259k BE, 43 HN 1 MN
BV 25 - [l ik, SR Al WINNONLN SR 2580 580, S A 2% SH0AT « K, 45R%
B RESS Fi7H HN. MN ) AUC, {8 [(5.41 £ 0.63) F (7.24 £ 0.83) mg-h-L " 1F Cpae 8 [(2.31 £0.17) F1 (2.84 +
0.21) mg'L™"] B B3 T 5B 740+ HN. MN [ AUC, {1 [(4.23 £ 0.36) A1 (5.46 £ 0.57) mg-h-L™"] Al Cpe 1
[(1.55+0.22) Fl (2.35+0.14) mg'L™'] (P <0.05). RESS A7 H-FJE4k SCF-CO, BB Mk T 1414, 531
B RIARAN, 3T, JLEHE . AUC T Co (03 B 50 0500 L 204 1) JEAMRECRL T, BARAEIR AT,
T 2R RIRBE RIS G A WU AR R -

KRR EIEA COy: MG, oAb, RN
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Micronization of magnolia bark extract by RESS as well as
dissolution and pharmacokinetics evaluation
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Abstract: The purpose of this study is to explore the feasibility and superiority of using rapid expansion of
supercritical solution (RESS) technology in the field of traditional Chinese medicine. The extract of magnolia
bark (EMB) was obtained by supercritical carbon dioxide (SCF-CO,) extraction technology. Microparticles of
EMB were manufactured by RESS technology. The effects of operating temperature and pressure on the
contents of the active ingredient in the particles were evaluated by HPLC. The effect of expansion conditions
on the particle size distribution of EMB particles was investigated. The smallest sample (mean size: 4.7 pum)
was obtained under the RESS condition: pressure of 25 MPa, temperature of 50 ‘C and a nozzle size of 100 pm.
The characteristics of microparticles were also studied by differential scanning calorimetry (DSC), scanning
electron microscopy (SEM) and image analysis. The dissolution rate study showed that microparticles had a
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significantly faster dissolution rate than normal material particles. After oral raw EMB suspension, the mean
areas under the plasma concentration-time curves (AUC,_,) of honokiol and magnolol were found to be (4.23 +
0.36) and (5.46 = 0.57) mg-h-L™", respectively, which were increased significantly, i.e. (5.41 + 0.63) and (7.24 +
0.83) mg-h-L™" when micronized EMB suspension was administered orally in SD rats (P < 0.05).  Similarly, the
mean maximum plasma concentrations of honokiol and magnolol increased from (1.55 + 0.22) and (2.35 + 0.14)
mg-L™' (raw EMB) to (2.31 £ 0.17) and (2.84 + 0.21) mg-L™' (micronized EMB), respectively. The results of
t-test demonstrated that AUC,_, and C,,,, value for honokiol and magnolol was significantly increased with the
micronization compared to raw EBM (P < 0.05). This study demonstrated that the RESS was applicable for
preparing microparticles of EMB at low operating temperature. The process was simple, free of environment
pollution and without residual solvent.
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Il S 2 B BE S I o) 1 vh 2 B S8 Ak IR T
N Ty 5 R AT ROy, AR X AT R o3 T 1
P AR T FEAIG, A 384 Jor e s 2 245 0 1 i i T
T AP EEH RN L —. il AR AR
HHZ KL (rapid expansion of supercritical solutions,
RESS) 3 5K kS >k 1) ) 25 24 W) Bkt 1R 7 V%,
IS EE 7 O S P S 3 VAN S TE Y I
fil I, MBS PR 25 BRI TR R BG n HRE R) Ok
T HAE Rl AT AR, AR o o 25 S el i i s
5 Sy A Dy R G BRI S ER A TR I
[y Az AR B R 2 e, (B 2R B
R BORL A I 9T N A IR T8 o JE AN AR 22 R
YA (magnolia bark) BT 25 MR FIAE Y,
SR 25, BAT BRI N RBRE S
ISR JEAMT TP . BUREE. U
JUL PRI 5t A B 0 455 22 D7 A O T JEE A R B 2K
Ay AR JERNS (HN) JEFNEY (MN). A8 5256 R H
RESS #iA il % T JEAb SCF-CO, A I8 kL, JF:
XF il 26 SR THORE 1 1) 25 A PR 38 DA BORE 1~ 1) 2k A T A
AT T H 5.

MR 5%

MRIGRF A SCF-CO, B (RS2l
H%, HN 5 MN ({858 h 80.4%), B-FF MK
(B-CYD, J" A8 g EL OGBS A IR A =], #t5:
20060322), JF kb By M AJE KD By 6 RO (H T
110729-200310, = 24 5 A=) il b K 2 BT), FRE A
e al, AR kel

LI EhY  SPF ZEYE SD KR, /AH (276 +28)
g, M EERE RSB SR A (B IE S
SCXK - 2006-0015), LI HTEEE 12 ho

IUERgE&  ZRS-4 B i L5, Agilent 1100
R RO E A (SR, T MR A B AR B 4 S Ak
=2 TAER, S-3000N F4fi ¥ W ABE (HA), DSC204
ZERAARE AU (fEE D . SPM-9500J3 J5i 1 /7 W idsi
(HA Shimadzu). RESS k3¢ E (R C 54
BHETFRA R AT

RESS #BiER 896l & BUHRLEELZ) 30.0 g
(JEHAD SCF $2 BV 1-/8-CYD My 1 & 2, WEBRIR ), %
Lo(3%) 1EAS R 1 AL HUIGL FE « AEHUR ) UL KW fL42
KN, BRI JEE, 30 min J5, 7755 505 AH E 1 i)
11 V3, BHATHDRL, FIRAT IR SRS, ARG
D ¥E AR TSEBE T BT R, RO R B 53l (R
T TT U i 45 SRR R ), 4538 ) KA
JEEWE R AR BN T, AT, RIS

ERLE R Lo(3%) LAY, LLFHkifR
FUS AN B & 5ok 2% F5 b5, % RESS ik T2 1)
3AN TR R FE . AEEUE J) WL AR RN AR 0 B
BEATARIE, &K 1.

Table 1 The orthogonal design of factors and levels

Factor
Level A B C )
Extraction Nozzle size Extraction
pressure / MPa /um temperature / C
1 20 50 30
2 25 100 40
3 30 200 50

RLFRIESMAEERE U EAG THE
BF ML, Ik msiEl, KA SPM Wi K
GO MT AT, KRB T 320 ANREFREAT ML
THEF R AR R LA A

RFHREDN ORI -CYD. JURHRL T
S-CYD 5 g kbR PR A4 RESS K1\ ZHEE
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BRRW S ANFER S 4 mg, KA DSC204 2 /R4 &
PAGIAT R 0T, TN Nys JiEN 20 mL-min ™,
FIRLL 10 Comin™' TF4 250 C, dSEAFEM I THE
ek .

BHELLE WAL R, K%K RESS
AR F£7 105.0 mg Chi 7 HN 5 MN B2k
100.0 mg). JE AR T 125.0 mg (ki 7F HN 5 MN &
H 4 100.0 mg) 75 3 £, BEAT I R SEAG . 42 24 3L 2005
SRR R R RE N A W E, DL 15% R A
HA RS, W H A FAERR 900 mL, ik 100
rmin”', 8N 37 C, 4F 5. 10, 20, 30, 45,
60 F1 90 min & SUHURE 5 mL ([7]IF37 BURM 28 B 5A Jo
5 mL), PHFLIEMEIEDE, HUJEW 25 pL 4% ik HPLC
PO E o LA (B 75 FRTH % )R] 0 MINC AT HIN )
W, CABE Z AR i E

BHHREVIMARE B 108 LUK, T4
KPR, EPTTAE R 12 h, — B FURR TR R
(45% LT 557, HN FMN 5 543 518 10.06 F118.53
gL, 41 E RESS Wi iRAER (45% LB R
I, HN R MN /)8 5405008 10.27 F18.26 gL ™), %
FUORKHES SmL, 7001452505, 0.8, 1.2, 1.5,
2.5\ 4. 7. 12124 h J&, KOGEBERREE, 2000 EEL
il 1.5 mL (REEFE] AL 6 FUKER), B E A B
EP &, 8000 rmin~' &0 6 min, 73 & 1f13, —20 C
TRAF%H -

3R HE @R IBIY B 600 uL, & EP &,
A 2 mL ZJE, % #%%4) 1 200 r-min”' Z.0> 2 min,
RS, T 40 CK R AR, BRI 200 uL
FE, R EdR W, 1200 rrmin~' 20 2 min, B L
T 25 uL BEFE E o

125 R & M E

il 4 (%K. Hypersil ODS Cig £ (4.0
mm x 250 mm, 5 pm); WBIAH CH B 1 %05 R % i)
79 1 21); W 1 mL-min~'; K 294 nm; AHE
25C.

Ik R BCHN HMN SRS AR, KR
PR, 2 L X Bt o v T S JEE AL 1 ek
WG WMLIRRE &, % “ ML2RRE St PiAR B T T 7 vk
V£, HEFE 25 L, 0,

BEMBRIAROES KK HN X
i 6.35 mg. MN XN 6.75 mg 2 [F]—> 50 mL &
L, SE N RS ARG AR R ZIRE, LS mL
WA 50 mL =i H P EERBE R 2R, 25, 14
Xof P i 25 VR o R R EDONS R A AT B,

PR o 4 HN: 12.70. 6.35. 2.54. 1.27. 0.127
F10.064 mg-L™"; 354 MN: 13.50. 6.75. 2.70. 1.35.
0.135 F1 0.067 mg-L™" FTRA X I o RV, VKA
T ORAT 75 H o

PrvfEise  BCE (I 300 ul, AR S
XTI RS 600 pL, & “MEAE S UG EE” TR
TR, BENRBEESEUERE 3 Ik, AR Lk .
DU (X) AR, WREE (V) AHPMbR, T
EIf Sy

2% R RIS % B (2R 3 4 4% 300 pl, i
TR0 VAT, IR s & 3 AR S
R ULIEAT b, A HN BUERIRFE S0 A4 0.254. 2.54 Al
12.70 mg-L ™", MN Ji &3 4331 24 0.27.2.70 Fi1 13.50
mg L™, 4% CHSERE S AR 5 ARE, A
HAME 6 %, 5 H W RSD, F#ESLNE 3d, it
SLHIH RSD. Zxf Al (ABUIEeR): &y s AR
3 AR EE IR A R ORI 2 1, — e i AN
FIIM2E 300 pL, % “IM SRR S TALEE” J7ik#efE, &
SMGE 3 IR, KPEME: o — O HEERE, B
3, SROPIII, PR 45 AL LU AR R4 50t [ %
A [EE A (O ik IR A): 42 bR 1 il 2 10 4 46
P, EElE R 3 ANIRBER MR RE &, JE e “al
HFES AL Fi it P EE W E 3 X,
RO, eARdE 265 B2 VT 57 H HN R MN (1946 H
H, VHEARX RICR .

BACKMIPR  FfEMe bl 2 0 1 7155 HN Il MN £
AR WA

KD EAZLE T (BRAIFA: SPSS
13.0): X 1F A8 S 46 4 SR AT 7 22 40 #r, LA
B KT 2 1 1A 285 A S A R T 5 i 1) 36 T 2 45 A7
1025, W A LS50 W
Mr: DLUERY ¥ H 5 0 5 B340 bR, R H R 4 R o
DR 35 5 2 0 T L ¢ 9 4 5 00t s 2 A5 A7 R
ZESt o HEIESHONT KT 4] MN Fl HN 76
KB AR PN 1 11 24 94 82 - ) () B, R AT WINNONLN
BAFFAT U, RSN 25302 S48, R PAEA
t KX 3 W LU A 2 80 % S B AR 3 2

LTS
1 RESSfFIEXRXH

R AT vt R 2 HE 25, #1999 4~ RESS i1
FEah, BRGNS 5 ARSI 5 AR N, T A
IS N NE Y g S RN AR B S £ LR R = S S
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Btk FofReodstk, mstEmE 1 R, SRA SPM
B EG BT ERA, of rEs B b 420 AR AT 20 A
geit, AT 9 MFERRLT I YRR A A AE 4.7~
10.2 um (£ 2), N SPSS 13.0 ZE it 225 1E AT 52
B AT T, T KR R, 45 RE e
SR FEHU ) S AU 3 /S R 38 KT 1) (1 A8 Akt
BRI TR E 2R (P> 0.05); 9 RN P
)R 5 AT AE 75.1%~90.3% (£ 2), AHUE A
RS 7 P AN PR 2% 7KV 1) T A A0 0 8 Iy 5+ 1) 2 1)
HFAESFEZES (P <0.05), W4 R MEESHEEX
hC>A>B, GHERAERBE SRR, 4ok

A I RS AE AR SRR L, R A %
TEEMN ABCs, TEULSRAE T il £ Bk 7R A% B
/N (4.7 pm), B E RS (91.2%).
2 RFHRSIREER

HUsORbRE 1 A T 244 £ 1) RESS Hi
T& 0, THEBE T WEMAR T ES, Il
SEHBEE, KA SPM i B o B i pE, o s e
HORL AT AT GE U, TSP ALRL IR P B kLA A
I3A. RESS KL A KRR, HBE R WS AM
MR E IR, R B 28 (K 2), KA SPM
A G A BT R A, R HUBE I 420 AR IEAT 40 T

Figure 1 SEM pictures of RESS particles (x2 000). a: 50 ‘C/25 MPa, nozzle size = 100 pm; b: 40 ‘C/25 MPa, nozzle size = 50

um; c: 40 ‘C/30 MPa, nozzle size = 200 um. Bar length = 20 pm

X1 000

X2 000

Figure 2 Microparticles produced from RESS at 25 MPa / 50 ‘C, nozzle size = 100 pm

X1 000
Figure 3 SEM pictures of materials

X1 500
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Table 2 Results of orthogonal experiment of RESS particles (n =3, x +s)

No Extraction prAessure / MPa Nozzle ]:ize / pm Extraction ]Sressure /C Mean size/pm - Total-phenol amount/%
1 1 1 1 6.1+24 75.1+£0.8
2 1 2 2 56+1.7 81.1+1.2
3 1 3 3 10.2+3.1 86.1 £0.6
4 2 1 2 6.7+23 86.8+0.4
5 2 2 3 47+1.1 90.3£1.0
6 2 3 1 49+1.5 84.2+0.3
7 3 1 3 9.3+3.6 87.3+0.8
8 3 2 1 8.4+3.2 82.5+0.5
9 3 3 2 51+14 85.8+0.6
Mean size
K1 21.90 22.10 19.40
K2 16.30 18.70 17.40
K3 22.80 20.20 24.20
R 6.50 3.40 6.80
Total-phenol amounts
K1 242.30 249.20 241.80
K2 261.30 253.90 253.70
K3 255.60° 256.10 263.70°
R 19.00 6.90 21.90
R refers to the result of extreme analysis; P < 0.05 vs K1
100 _ il VHEASPYIREN 4.7 um, KR ARLE 0.2~
= 24.1 pm (& 3); JBbR - Bah @ik, Ase s 514
& ol T REGPUIR, B2 SRR, KH SPM R E 4
% SINTERAE, SR 320 AR P T AT g, T
=40 BAERIRIAR K 55.2 pm, RIARSM A TE 8.3~102.4 pm
2 (F 4).
) W B 3 NFRELSH
0 5 10 15 20 25

Particles size/ pm

Figure 4 Particles size distribution of extract of magnolia bark
(EMB) particles from SEM pictures; RESS treated sample with the
preparation condition of 25 MPa and 50 ‘C, nozzle size = 100 um

4+ DSC/mW-mg!
’A a
I

I

I e —_—d
i - - —— &,
25 75 125 175 225 275
THe

Figure 5 DSC curves of f-CYD (a), materials (b), mixture of
EMB with f-CYD (c), microparticles (d), and residual material in
extraction unit (e); RESS-treated sample with preparation condition
of 25 MPa / 50 C, nozzle size = 100 um

KH DSC204 ZEm i m AT B-CYD. JFURHFE
T B-CYD S J5URbRL TR &4 RESS R\ %%
I TR B D EAT AR 0B, RS ARECS AR 4 mg,
AWM F, Vg 20 mLomin!, %R LA 10 Comin' T &
250 C, xRt (B 5), sk a. by o d e
WA -CYD. JRRHRL T B-CYD 5 JRbRL 4
HE A ) RESS Fi T ZHGEIR AW Tl i 26, ih
2k d o AR AE AN, 2RI B 2 b A
], {HUERI A B8, 0 RESS ki 1H A% B-CYD,
22 HPLC Mll5€, RESS FifH HN Fl MN & & & =ik
91.2%, i HEERRL 7 10.8%, WA A5 47 0] fig & 4l
JEFR TS ek e rhRURRRL T IR 2K, 5 ilh
2 a. c WA, B-CYD JRUIIE (1B I 5 1 89.4 'C Tt
4 95.4 °C, JFHAE 228.7 CHIIL— MR/ TR,
HEWTsR B p-CYD KA T HAMS, £ HPLC il
S, AT RS RN 16.8%, B R
TR (R R &4 B-CYD A0 5 T 5.
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4 BHEXRE

JERRLFAE 90 min N, 15%H FEh 2R H R
4 6.37 mg-L™'; RESS Kif-7E 90 min 1, 15%f) I
BRI R 1477 mg L. 5 E TS R EOR,
JEURPRE T A1 RESS FL 1 90 min P R H FEA7AE B 2
ZER (P<0.01), Z5RuE 6 fin.
5 YRR
51 AAEREM HHN I MN X RSER . KR
2 L 2 LR ke S B R S L Y
T AL SR, I SRORE S TIUAR L IR 7 i
£, HEFE 25 pL, idsgtik K, Wil 7 fros, 2 Ei
ST IR P IS A IR SR L VR A R At 2
S SCAREH A TP 5 A5 2 2 e 5
5.2 FRAERZE AN A AN ) A v it 2 Ty R
wrr:

FEANE  Y=0.008 8X+0.1375 r=0.9976
JELAN Y Y=0.009 8X-0.1529 r=0.9978
53 fEEEMEUE HN HW RSD = 6.8%, HIH
RSD = 9.7%; MN HWN RSD = 7.2%, HIu RSD =

9.1%. HN [4ax] A # % 91.8%, RSD = 3.4% (n =
3), FXFEICE K 102.5%, RSD = 3.5% (n = 3); MN 4
SR K 92.8%, RSD = 3.3% (n = 3), AR RISER
97.4%, RSD = 3.8% (n = 3).

54 RIKEMR L EML 2:1 THR SRR IR
HN % 0.045 mg-L™', MN 4 0.055 mg-L ™',

55 MIRMHSME ALK R HE S JFORHRL 1R
A RESS Fi-FIR&W S, HN Hl MN ¥ 254
WHE-I ) 2k Pl 8, EEZsh4 S H K 3, ¢ 150
IIHT 45 R W, RESS FL 1) AUC fH Coax I
RS ST A

Table 3 Mean pharmacokinetic parameters of honokiol (HN)

20 and magnolol (MN) in rats plasma after oral administration of
18 —— Raw material SCF . . . . _
) particles suspension and RESS particles suspension (n = 6,
) 16 —— RESS particles ~
~ X*s)
2 14
= 12 Material RESS
S Parameter
g 10 HN MN HN MN
= 8
5 . Tnax /h 0.8 0.8 0.8 0.8
=
8 4 Tip/h 10.21+0.76 8.74+0.30 936+0.83 8.16+0.73
2 Cinax/mg-L”! 1.55+£022 235+0.14 231+0.17" 2.84+021"
00 20 40 60 20 100 AUCy /mgh L' 423+036 546+0.57 5.41+0.63" 7.24+0.83"
t/ min AUC) /mghL™ 488+038 6.12+£0.64 597+0.66 7.94+0.84"
Figure 6 Dissolution curves for materials and RESS particles MRT/h 5.50+0.34 526+0.10 5.25+0.34 5.19+0.07
prepared at 25 MPa / 50 C, nozzle size = 100 pm "P < 0.05 vs material group
200 4 A 303 B
E 40 4 1
150 4 2
3 304
100 4 20
= 50 10
< 3
£ 0 01
5 0 5 0 25 5 7.5
=
E
5 504 D
wi
5 50
< 40
40 4
30 30 1
20 20 1
1 2
101 10 4
01 0 .
0 5 0 5
1/ min

Figure 7 HPLC chromatograms of HN (1) and MN (2) in rat plasma.

A: Blank plasma; B: Standards; C: Blank plasma spiked with

standards; D: Plasma sample after oral administration of SCF particles for 7 h
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Figure 8 Mean plasma concentration-time curve of honokiol
(a, b) and magnolol (c, d) in rats after oral administration of
materials particles suspension (a, ¢) and RESS particles suspension
(b,d). n=6, x*s

Wit
FE T II S g6 A EU 1 R A TSR, B TR
AL S PR DR 38 KA, S 5 v R IR 2 AR IO
50 CIY, JEBHTAGREf, FERELEhDRd R aE i b
SERR, HENEREE, MM TR RS, flfl
(1) JEORHA H 45 BCHOIR SRR (R ROk, 1 2 % 42 A 1 B
5
2 JE A SCF-CO, MRS A%, X HAi ki
B, R F TR, 5 3R 4E . BAwhgitE, e
SR 10 RAFRIR SGER TR, 85 R R IR
HRA I g-CYD J5, GEW] Bk 1%
A BARMEE, S8, W SGIER B-CYD AN
T SCF-CO, "o S5 4373 % %2 T JE4h SCF-CO, %
W) 0 p-CYD #Jii b 1010 1:2 115 =FR
A LA 2o R, b 10 1 RS AR AN
1251 5BEN, WM EFRIRMmETE. X6t
FLFIEAS, SR 10 2 WA HEAT B IR ) 1) 45
DSC ZE/RHM R N4 R B, p-CYD KA
TAAEMG, HEWIL w2y g-CYD 6T
JE RN AT & P sy, AT BORL 1 B A 15 B
e, R
HPLC 5 k1 HN Al MN )5 &0l LIE N
— AR R S H iR bR, B SRR

JIRIR BN, 4 AR HN AT MIN 5 bl 2 2
Az,

RESS Fi+ 5 SCF k¥ &N 4S5 w20 45 K
W], RESS BRI & T v 24 1 I 546 T s toks 1
(R, I e B v LA RO 1RV At B R0 A= ) A1
BE, AHARSZEG LU PRUUR AT T Y1 %52, JfF R
HEAT P 4R BB 70) ) A4 9 AR PR, A AT 5T
AW R IR, FE7E S5 21 1 S50 A 1 — 2P i 58

RESS ST 47 K i 14— TR0 24 76 4t 87 7 1) 87 B
K, HAHRERARAN (EBKEHKRE), TBED
MBIS), BRAEIREEAR, JoWs ek B AU, el
29 I S U A A0 B kL - A ) O HE R I
AT 50, AHHAPAEE 2 AL, WiZ s aE Ve A
B, U A Be A AR 0B I S A T ) s XA
BEATDRLIN b T 2 I A I oy B, e
IR AR AE— 2 I BE bE, D IR A — b A 38 1 4l
Bl BRI SCEILRL TR, WL R EsL
e AR —FPRENE T2 S B T Al e 248 I S Ak
ZEIA 0t ek A v R0, N RESS 4R A1
IS F - 24 DR AR ) DA
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