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Preparation and Quality Evaluation of Magnolol Nano-crystal Suspension
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ABSTRACT OBJECTIVE: To prepare Magnolol nano-crystal suspension (MAG-NS) , and to conduct quality evaluation.
METHODS: The preparation technology of MAG-NS was optimized by central composite design-response surface methodology
with OD value of particle size and polydispersity coefficient as evaluation indexes, using volume ratio of organic phase to water
phase, ratio of excipient to drug, concentration of magnolol as factors and conduct validation tests. The quality of MAG-NS
prepared optimal technology was evaluated. RESULTS: Optimized technology included that the volume ratio of organic phase to
water phase was 1:5, mass ratio of excipient to drug was 4:1, concentration of magnolol was 2 mg/mL. In 3 times of validation
tests, average OD value was 0.940 0 (RSD=0.08% ), relative error of which to predicted value 0.977 7 was 3.86% . magnolol
nano-crystals of MAG-NS prepared by the optimal technology were spherical, uniform in size, smooth in surface, with particle
size of (34.88 + 0.33) nm, polydispersity coefficient of 0.032 + 0.001 and drug loading amount of (17.83 + 0.92)% .
CONCLUSIONS: Established preparation method is simple and feasible. Prepared MAG-NS is in line with quality requirements. It
can provide reference for further development and utilization of MAG-NS.

KEYWORDS Magnolol; Nano-crystal suspension; Central composite design-response surface methodology; Preparation; Quality

evaluation

JEA B — PR SRR AL S, S A 25 AR Y
HRFIZE B 7 B R E B PR AN BAT T

B Horp oK S AR BRI — R 2 R A
KA FA 1 2 2 K b TR B R R B B ] &

ZBIEEY A0, anpe 28 e KU BRI TR R
iR A A (ER: TSN 5 S A R 2 PR E
DRAF- A 500 Tl PR IS P R, 53 D LA 22 W K v
WAL A RH A 1 OB 25 i IF A Ak, F
BT ) 25 25 R G0 LU DR S A A R L AR A TR 2L,
SR TARE B E A

AR AR BN — R4 BRI S TR
BHIIE T A Y SCTE xR S i PR 2 ki A = 8
DK A S ITXE T 1 245 0 10 5 e 2 AR S L o 71

A FEGIWH  FERK A SRR R T HIT H (No.81403121) s M &t 2)
2 H N DU 24 BE BE 2 2 R 42 350 H (No.2017YX007 )

* FE PN, A W) 2R . LR 025-85608675,
E-mail: zq0910nj@sina.com

#AAG R EAEP AR, A BRI T AP 2R
025-85608675, E-mail:fyc2018@sina.com

FEHE 2019FEF0FFE 158

ERAETT U] 5 TR A 7, B MRV 24 ) T 48 L oK
v A, AT DA S 2 R s LA iR R RS T AR
R AW, S AR R R EE Y et HRTE A 16
FRA A AR 2 SR T 34

AR T -2 T Ak 7 (Central composite de-
sign-response surface methodology , CCD-RSM ) J&—F1 %
PIVE |22 Ve W e WD R P LBV |5 i 3 oy I e
T 200 TIP3 10 25 18, BRI b ORI S v A 2
H o3t & R R Z () AR BAE T, B A v B ey ]
PR BERE R RIS R B L

AR SR SR FITTRETE" " 4 SR AN 9 K AR
B (MAG-NS) DA e J5EA M3 £ V5 ik B R %8, O
M5 A AR BBV AL MAG-NS il 45 1.2, 9F:
XA i 25 (1) MAG-NS 347 BT it P, MAG-NS
(R FHFF & S ARl

China Pharmacv 2019 Vol. 30 No. 12 -+ 2037 -



1 ##
1.1 88

Alliance2695 15 R A € 353, G 45 DU T2 J H 8l
HEFE R B0 2996 M RS K #% . Empower {44 T /E
vl (£ 5 Waters A 7 ) 3 AT201 + 43 2 — R MT5 [
14y Z— K- (Fig -+ Mettler 23 ] ) s Milli-Q 4 /K ML (55
WA R ] s RCZ-8M & i AL CREETT R R K &
B A BR A F]) s Nano-ZS #4243 B3 (92 [E Malvern 2y
F)) ; JEM-2100 37 5 FL 7 B e ( H 4R Jeol 24 ) ) o
1.2 #m5iRH

JEL AN X B (TR AR R A R | A
B20498, 4l : >99.8% ) ; JEANE JFRL 25 (R 5 AT 2501
HBRAAE] L S :JZ215031502, 46 - 98% ) 3 IHIK VM 407
(bt KALKG K 7 5243 FR B4R 23 |, L5 : WPAJT508B) 5
NG A Al ACAB Atk HAnRF o i at
2 HiEE&R
2.1 MAG-NS %I &

K RV FIUT TE i 4 MAG-NS. FRIBUA 18 75 1
407 35 TBAR T, BILA 10 mL Ak 3 bk 2 4 B, B
PR AH o o BRIBUSE AN IR} 2438 5 1 T J0 K BT
WA NAE . ST KA VRS SR i AK
AH PR BCRTE , ie i 28 B 2s E, REAS R AN
K SRR TR B
2.2 EiBHESENE
2.2.1 OB OI%FE Alltima Cis(250 mmx4.6 mm,
5 um); JaIAH : B EE-0.1 9% PR /K AW (7525, V/V) 5 it
P+ 1 mL/min; K0 4 2 290 nm; #1236 - 35 °C 5 UEFE &
10 pL,

2.2.2  JEANE X RE SR A RS E AR 1.72 mg &
FNERXF R 5 F 50 mL s Jin A S A o BT R
R 34.40 pg/mL 14 JEEA N X BB I B o R S IR |
X BE I £ 1 .24 6.8 .10 mL 4351 & F 10 mL i
Hh, FH SR 25, RIAS T Mk B R 3.44.,6.88,13.76,20.64
27.52.34.40 pg/mL Y Z 50 %F BE SR T

2.2.3  HLAMEWREIA FRICA0 mg I VDI 407 F
10 mg JEANER JFUREZY , 44217300 F J5 124l % MAG-NS (J&
AN 3T R N 2 mg/mL) o A% % 5 B 1 mL MAG-NS
F 100 mL &I, in FF AR R = 20 AR FE ST BGE
YW 13 000 r/min T 5.0 10 min J& RIS HE A A 7
224 FRGadE AT BU2.2.272.2.37 00N R MG
Xof B VA R A S, 56 2.2, 17 a3 A P bR
OIMT IE SRS S5 A VA 3 T v A
T X T AR € T PR I) %) o P B i) b A G i e o B
83X it s Y Hp At B A3 R B A3 T T , B AR
JEAMBIETT>5 000, = R80RAH (g I LI 1

2.25 LMETLHEFELE BRI 2.2.27H T R4 &
e 5 T JEE AN X B SR AU 10 pL, 4522217 30 T 3% 4%
PEVERES T , LAJE AN T R B AR A (), W T L
AR (y) , BT IS o 255, JE AN 4 [B1 )
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y=1.61x10"x— 1.63x 10" (»=0.999 9) , ¥ Ji 42 e J&F 2%
PR A 3.44~34.40 pg/mL.
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Fig1 HPLC chromatograms

226 KR S5@\REE 2227 T WA N
3.44 pg/mL (1 JRE AN X BE b VA Y, A L AR R, 22,217
IR a3 S SL AR ZE 6 YK, DRI AL, 2
PR 3: 1 B, ARG DU BR ; {5 ME oy 102 1 B, A5 8 1
PR 2558, JEANI: BRI BR 2 0.028 7 pg/mL; i 1 fR K
0.057 3 pg/mL.
2.2.7 AR WE IR R A 13.76 pg/mL
FR) JEE IS o) R S U 10 L, 4% 2.2.17 T (033 45 1 i
SEPERE 6 U, IE SR TR . 25 2R, JEE AN 04 1T R RSD
90.98% (n=6) , TIAA T PN % 4 R AT
2.2.8 FaEMEREe ORI SO L 43 T
FWAAMFE T CE 2.4.6.8.10,12 h, ¥ °2.2.17 T | {43
AP IERE BT 0 SR TR AR o 255, TR AN 0 1 AR 1)
RSDH 1.76% (n=6) , LA T HAE 12 hINFGETE R ET .
229 WEEMWAE #U2.2.3 W R AT 5 6 Gt
SR, 2.2, 17 T a3 A5 R R BT, i SR UG T
BORTREEANG B & 2558, (a5 i b R AN )
& N 19.67 ng/mL, JEEAMEY % 5 1) RSD i 1.44% (n=
6), RIA i E G R AT
2.2.10 mAERISCRRL B M R MAG-NS, 36
0y, By 1T mL AN 95 &8 2.015 mg) , # T 100 mL
HO A, FRE S 2.130 mg JEEARME X BE &, 44242.2.37
TR kil g5 R A, 352 42.2.17 TR (a3 S5 R ERE AT
O SR TR R IR S5 IR JE AN 7 24 A =]
%4 100.81% (RSD=1.73% ,n=6) , [HIISRIX 2%
RWEL,
2.3 MAG-NSHIEHXIEZESHHHE

S 25 M SCHR T 0, DATHIAS A 40 K S AR B 57D )
AN FE bR, B 58 P R B AUAT LA A B X
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MAG-NS il % T2 895200 , AR E MAG-NS il £ 8 [i]
ETEBH
K1 ERRREER

Tab 1 Results of recovery tests

HiGS B mg  MAR,mg  WEEmg K% FHECR, % RSD,%
1 2015 2130 4113 98.50 100.81 173
2 2015 2.130 4.198 10249
3 2015 2130 4144 99.95
4 2015 2130 4.134 99.48
5 2015 2130 4182 101.74
6 2015 2.130 4.203 102.72

2.3.1 BEFEERIE  BEJTBEREE O I B E N AR (100
r/min) . {134 (500 r/min) F1553#E (1 000 r/min) , #%“2.17 55
T MAG-NS . S523RBS P R T T il
il MAG-NS /K R A TUREAE L 23 RS HE s 5,
I MAG-NS TCHTIENT H , HAK R EE &, I e £
1 000 r/min Sy il £ 25 v B0 PF RS o A5 R X
MAG-NS MM 45 R L% 2,
®2 HHEEE MAG-NS M S R
Tab 2 Results of effects of stirring speed on the ap-
pearance of MAG-NS

TR r/min I

100 LA, BRER

500 RERER,AVERH
1000 ERAEETENREENR

2.3.2 AHUMHTEAERE  BCEA PTG 50
ML (0.01 mL/s) FIPREEA (0.5 mL/s) , 4% 2.1 35
N7 A MAG-NS . S5 58, G2 i A HLAH , ok il
il % MAG-NS, /R 2 A ULIEA I, 1L, PE45 0.5 mL/s
Syl L2 A B AR o A HLAR T A RS X
MAG-NS SIS 25 R UL 3.
3 AHHEENEEIT MAG-NS Sp R I LE R
Tab 3 Results of effects of organic phase injection
rate on the appearance of MAG-NS

FHUARE AR  mL/s biS)
001 A6, TR
05 BRATETEAEENR

24 MAG-NSHIETZRBREEER

LI MAG-NS#MIL  KiA% | 2 0 R 50 (PDD) A 4845,
SIS T AN S KA AT L T& 407 5 MAG
(A EE (-2 HL ) B AN B2 X MAG-NS [ 52
241 HHUHSKMMEFIEL  EE SR E A 1000
r/min, A HLAE A 4 0.5 mL/s, K AAF A 10 mL,
JERME ¥ BE SR 1 mg/mL, 4ifi-25 Fb b 21 1, 25 55 HLAH AN
AR FLEE 2351 8 1:20,1: 10,125 B % MAG-NS [
AN KL AR A PDLASZIR . 25 5%, 25 HLAH 5 KA i 14
TR 1220 B, oy i 20 il 2 MAG-NS ; A LA 5 7K A
B AR AR EE A A 1), T B %) AR AR B /N, HL 0 AT 3
5. A M-S KA R R EE X MAG-NS 952 0 45 5 1L
4,
2.4.2 W25 BEEDCREEEE M 1000 t/min, A HUAHE
AHEE N 0.5 mL/s, A HLA S K AR EL R 105, JRAR
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x4 BYHEEKERETRREXT MAG-NS IR N5 R
Tab 4 Results of effects of volume ratio of organic
phase to aqueous phase on MAG-NS

HHHS KA E S Fif2,nm PDI
1:20 ENSTGREL TN

1110 i $29+123 0.074£0.002
1:5 EREEALET 33584 1.56 0.034£0.001

B i 0 1 mg/mL, 035 G -2 Lo 1:2.1: 1.2 1,
4:1.6: 1 X MAG-NS AR K42 \PDI RN . 4551,
EFZGLE N 1201 1, o il 4 MAG-NS . -2y
HXT MAG-NS fSZIHZ5 3 LR 5.
®5 H-ZHLb3T MAG-NS IS0 45
Tab 5 Results of effects of the mass ratio of excipient
to drug on MAG-NS

ﬁ% it 7[‘@. if% ,nm PDI

1:2 AR GEREK

111 AR GHERR

21 BRI EAEN 196.34£2.56 0.089£0.003
41 EREEARER 57481176 0.065+0.003
61 ENEEAER 76.66+2.01 0.072£0.002

2.4.3  JEANEYHCEE [ ESEPEEUEE D 1000 r/min, £ HL
FRTE AR R 0.5 mL/s, A HLA 57K A AR LE 115,
H-25L0 0 221, 0 B S IEANB L N 1,2.3.4.5 mg/mL
I3 MAG-NS AU RiA%  PDIFYSEN . 45 5L, YA
WEE Ny 4.5 mg/mL I, Jo i M i) #5 MAG-NS; Fifi 5 )&
AN AR FE 3G, MAG-NS RiAR A B i 22 5%, PDI Y 43
A1) TAETE . VAN W X MAG-NS (#5211 25 5 L
%6,
x6 BEFMNERIREX MAG-NS B Nn45 R
Tab 6 Results of effects of the concentration of mag-
nolol on MAG-NS

TN VR ,mg/mL IS Fif?,nm PDI

1 B E AR 18745136 0.040+0.002
2 BN A 190.33+1.37 0.045£0.002
3 EREEARER 196.34+2.56 0.089£0.003
4 AR EEREK

5 ARk

2.5 BRigT-MNmERLEETIE

2.5.1 BT MR AR A LA, i R
MAG-NS il # 1. 25 i TR 28 DL K 4% IR 28 i B A% 7K -y
Fil o LAIRIAZFI PDI A 548 b , % 550 HULAH S K AH IR
LG (X)) i -25 T () (SR AN B ok B (XG) 3 4 [ 38 %
MAG-NS il £ T2 R0 . BT804S pr v
bR 0~1 Z a1 “ )1 —1{E" (OD) , R 3 J LA - 35 %5 1)
OD{H, LI A2H1 PDI () OD B Ry ¥4 48 bt il 771 by 1E
TP, R Hassan J7 b4 7 8 i ok “ H —A{E”
d[d,= (Yo — Y.) /Yox— Yui) , n=1~20], OD ffi = (d., *
do) ", HoA d o RiAR A ODAE, d. N PDI ) OD{H ,n=1~
20, HIHE AL S B R0 A R R BEE 5 KK,
FH Design Expert 9 R #E17 3 A &R 5 7Kk % i1, 7
F 217 F 7 45 MAG-NS., HZE 5K £ T,
BRI SR L3RS,
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Tab 7 Factors and levels

A3 AR KHOIKREL () () TN (X;) mg/mL
-1732 1:10 21 1
-1 1.2:10 28:1 14
0 1.5:10 4:1 2
11 1.8:10 5211 26
11732 1:5 60:1 3
*=8 WEWZIHEER
Tab 8 Design and results of experiments
RS X X X i, nm PDI OD{E
1 -1 -1 -1 7833 0.129 05994
2 1 -1 -1 7541 0.119 0.636 0
3 -1 1 -1 7322 0.056 0.804 6
4 1 1 -1 7522 0.059 0.7913
5 -1 -1 1 201.43 0.229 0
6 1 -1 1 199.23 0.081 0.0975
1 -1 1 1 50.93 0.063 08539
8 1 1 1 48.65 0.045 0.905 8
9 -1.732 0 0 35.87 0.089 08225
10 1732 0 0 3428 0.034 09753
11 0 -173 0 198.34 0212 0.0392
12 0 1.732 0 75.35 0.024 0.868 5
13 0 0 -173 73.52 0.134 0.595 5
14 0 0 1.732 176.13 0212 0.1120
15 0 0 0 5533 0.056 0.858 9
16 0 0 0 65.23 0.042 0.862 1
17 0 0 0 64.45 0.045 0.8576
18 0 0 0 573 0.044 0.886 9
19 0 0 0 54.95 0.043 0.8917
20 0 0 0 6545 0.042 0.861 4

2.5.2 BIRASH 22500 1 Design Expert 9 14
AT Z2 02 Ml L 45 815 7 #48 OD=0.87+0.031.X,+
0.25X,—0.13X,—0.012X.X,+0.016X.X:+0.16 X, X:+0.0 13X, —
0.14X*—0.17X"(R*=0.997 7) , J7 Z /M W2 9.

R HEDW
Tab 9 Analysis of variance

Pl Tl il Ff§ Pl
i 201 9 396.77 <0.0001
X 0.014 1 2429 0.0006
X 085 1 1518.04 <0.0001
X 023 1 416.36 <0.0001
XX 114107 1 203 0.1851
XX 198107 1 352 0.09
Xk, 021 | 37622 <0.0001
)G 265%10° 1 471 0.055 1
X 029 1 512.66 <0.000 1
X 045 1 796.4 <0.0001
E 563%10° 10

Kl 446%10° 5 38 0.0839
i 117%10° 5

Joyill 202 19

12 9 IR, R A3 P>0.05, Ry P4 G ERF
B HAT B R 22 57, WU o 5 45 D 5 OD L A
BFEHI

2.5.3 ANLIRAOCAL MR AT E] U T R T L 1R

B, 3% FH Design Expert 9 21l A HLAH-5 7K AHAGIAFR L |
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-2 e JEE AN X OD B R ) = RN T 1A . 45
F e e A Ty B MRS KA AR A L R 105,
HI-Z5He R 4 1 EAMNBREE N 2 mg/mL. 45 IR XTSI
OD (B M g = 22800 1 P DL P 2.
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2 BEREXTOD &R0 H = 4 hr E E
Fig 2 Three-dimensional response surface plots of the
effects of each factor on OD

254 BRI WSO T AT A SHERE M
HEATIUE RS . 45 5, MAG-NS #JF 14 OD 4 0.940 0
(RSD=0.08% ), 5 TilI{E 0.977 7 BYAHXT 2% 4 3.86 % ,
&0 Fir A T v R G SRR R G R BT B i T
S
2.6 MAG-NSHIREIFMH
26.1 KARHEA RS CEG AR &
MAG-NS BRiAE 5534 o REDUAE S Ao 7E S 00 T 15 3
min J& FFREA T E , BEASFE S AT 3 SR ST
HL T 2 BB W28 MAG-NS T2 25 ; BIGE & 1Y) MAG-NS
THPE R M I FELLAMEAT T TG R Rl AW
FRMEWEHIES . 4550, MAG-NS [ JEFME A A
FIERIR /N 5] FRTEEH , BidE o (34.88 +0.33) nm,
ZrELER BN 0.032 +£0.001, MAG-NS FRIAR /i WL I
3, MAG-NS {915 5 i g el UL 4.

20

5

1
10

Y, %

=T

1 1 10 100 1000 10 000
Fift, nm

%3 MAG-NSHIKIZ5 %
Tab 3 Particle size distribution of MAG-NS
2.6.2 FRARAME KRR A0OK S TR B TR R
TR B FREOAR TS R R (BTt ich W), A — &
B HEE G2 V) Fe 43 B f# L 13 000 t/min 5.0 10
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El4 MAG-NSHIESTEER
Fig4 TEM photograph of MAG-NS

min, IR 10 pL, #°2.2.17 50 F (3% S R lERE AT
FHREAME R EE L ©) o MR Z R A (3
2yt =CV/w) I E 2 i CF AT GE 3. AR,
MAG-NS (#2414 (17.83 £0.92) % .
3 itig

9K i A TR B R 2 42 “top down” % Y “bottom
up” K A2 WIAE A J5T P TR AN AR R AR TR P
MRIF AR B FR b T AR R, K Gk Az
1R 25 245 1) e A AORE U RS AR 7R A R 5 H 2300 B =
(i) 250087 DA TR o TR R TR R b0 5 A g 44 oK A
FIFHEE , 9K AR TR SR HAT O AR 1 00 s, HLdhl 45 07
AT I AR, 5 T DA R AR 7 5 S Aok
A TR AR VG 1 155 25 T8 V2 VR TR R IRL AL IR T ] it
— B [ o8 OB | R 7 S AR B B TR R A
TG AL

A% 3CH il 25 MAG-NS (19 5 02 SO T E v
SR FH S FAITVE 1 1 4 1 M DK it 1A YR 85 ) /08 R ki
e S o TR OIM G, 52 Z R I R 2, ] an e 41
R AU AR AR5 A PR - 24
Lo 2R B A DR, PR IR B T AR
BEATE L BRI R R BT AR, 7T LA
PRA HUARFIZKOAE Z [8] LB PR R AR 5T, W 2 40K f A
PR R K H MBI S B 251 R A 1 9 oK S AT S
KL /N X BT o PR, A SO S e 53 A A
FH L FIAT HURE T AR AR R I 200 A 16 1 [ 5 1
L2 R R - RO A A s T
PIE B HHOCHELF i B BA  AAE A5 S MAG-NS 1Y
il T2

g5 Bk AR S AL T MAG-NS 1 il 5 T
25, il MAG-NS Ui 55 25K , 7] 2 MAG-NS Y —
I LARMES % o MAG-NS (9 Tl A A P iR R
SCRE A BAE MR b, ARSEIR A A TR 1 25 30
WS, R JEANBLEIR IR E AR T ek
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