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Preparation of emodin nanosuspension by miniaturized media milling method
and its in vitro evaluation
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JIANG Mingrui, WU Yue, WANG Yingzi
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To prepare emodin nanosuspension (Emo-NS) and its lyophilized powder and perform in vitro evaluation.
Methods Emo-NS was prepared by miniaturized media milling method, and the effects of zirconia bead volume, milling speed and
milling time were investigated on a one-factor basis, with particle size and poly dispersity index (PDI) as the investigating indexes.
Adopting freeze-drying method for curing, investigate the effect of freeze-drying protectant on curing. Transmission electron
microscopy (TEM), differential scanning calorimetry (DSC), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy
(FT-IR) were used to characterize the Emo-NS, and the dialysis bag method was used to evaluate its in vitro release. Results The
optimal prescription of Emo-NS was 50 mg of emodin, 20 mg of poloxamer 407, zirconia beads volume of 5.9 mL, milling speed of
1 390 r/min, and milling time of 3.9 h. The average particle size was (236.23 + 1.13) nm, and the PDI was 0.205 + 0.011, which was
close to that predicted by the Box-Behnken design-response surface method. The lyophilized protectant for curing was determined to
be 50 mg/mL sucrose. The C potential was (—31.22 + 1.34) mV. The in vitro release results showed that the 144 h cumulative release of
Emo-NS was (93.47 + 2.74)%, which was consistent with the Ritger-Peppas release model. The external appearance of Emo-NS was
spherical, and the DSC, XRD, and FT-IR results showed that emodin in the Emo-NS was dispersed in nanosuspension in an amorphous
state or was completely encapsulated by stabilizers, which was conducive to its dissolution. Conclusion The preparation of emodin

into nanosuspension drug prescription was well-designed and feasible, which significantly improved its in vitro dissolution rate.
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Box-Behnken design-response surface method

KRIEFRAFAET KRB JRAL, T &2
HIRRBEERIE T, JLPANE T K. BFREY], K
WEREAZMAGIER, ISR M G750,
PURAGUREE prge, RiP A eI, (HiE
RERAPKIEIENRZE, DIRE LR, fEpiEm
JFF IR o e R P T A B A R R L A AN, AT
SR BERAC, WRE T IR, IR S
TEFIRREAT T, e AR E M e ST
T ORRUE A = R B, DTSR b R 4% L2 2%
T IR

gl KR £ (nanosuspension, NS) &l i #il]5]
FBG R 2 AR RS E AR F T ) 4% B — A
“ap” ZMAKEIFI, & T AR AR, BE K
DL AR A 8, 32w, WA AR s T2
VI AR L, A2 H H DA R AR YR i -1, A
M JFTE (miniaturized media milling, MMM) 7%
— B LA B 7 245 29K ks 1) e 2% B i
LTI TTE, AT AW R AR s 29 s s 1RAE T AR,
T2ZheE, HERMEHANIER, &% 7 EAIE
TR B T 36 5 R PR B8 T G AL A B 11213

A MMM i £ KT 3R KR 5
( emodin nanosuspension, Emo-NS), K H Box-
Behnken # i1 - 37 [ 5 ( Box-Behnken design-
response surface method, BBD-RSM) ff.ft Emo-NS
WALTTLZ, IR RSN, DA RER
PR 77 1) J5 AT R SR A 4
1 U5
11 X8

UltiMate 3000 7 & A €118 4%, - Chromeleon
T.AE3%k, 2%[H Thermo Fisher Scientific 22 @]; BSI10S
R 7R, R FHREAAEE AR ARA A
MMS4pro B Z M S HE &5 , 22 LIRS LD
HBR/AF (JOANLAB); Zetasizer nano ZS90 0k
RLEE 734, 9 [ By /R SCAGE A FRA 7] ; KQ-400DB
BB BENL, RIS ISR AR LGI-12
BTN, AC AR R R TR A F]
FS-50B BUfHIR IR REIK, TALIERTHRAC SR A PR 2
"; H-7650 AU S 7 RAsE (TEMD, HAHSL
)5 Mettler DSC3 BB, Fi LAHgEF
#-FEF]Z 2EH]; Bruker D8 Advance ! X S 26417
. VERTEX70 R BLIH-AR LT A1/ 4 8 il A%, 18

Bruker A .
1.2 iK#4

KERIFEEZ), TESE>98%, 6%kt
YRR AR KEZATR S (HPLC 7€ i &
¥ >98%, iS5 M29IB216001). JHIKVHUE 188
(P188, L5 MI1GS148056) . 7t M (5
A22J12X138337) KV W 407 (P407, #it5
J24GS155964). & HE (35 S26F11H108778) H
F W (k5 M24GS149532 ) . REHE (it 5
M211S210367), EHiFEHAEMFHAR AR RL
JHEE(PVA, #it5 C12851514) T Z MM ki K30
(PVP-K30, #t5 C12673616). Z11144ME 80 (Tween-
80, T80, #lt5 C15122420), g sk bkl
HIRAF; BNEHELAFYER (HPMCO), #Hits
D1908084, gk T AR KM AR AR +
TR (SDS), #ES 20171020, KEETNHER
R F) s REEA4ERM (CMC-Na), #it5
1502010, 22l imr 25 A A BRA w5 3% W 5T B
(SH), #t'5 2021102704, h AR S ARG A
FRAR: LB, #5 0020211026, A KFEYT
FEARAR; AL, LS MGD10014MK, it
BH AR A RA R SR T, BEAN 0.4~
0.6 mm, #t'5 20230705, ¥ 2 W EFEHMEA R A
A, HEE, faig4l, £ Fisher Scientific A W) ;
iR, tithat, b5 20230201, KETTAEAL R
J 75 IKNEEFIKUL G G Al K
2 HEEHER
2.1 MMM %4 Emo-NS

FREGE B KT & k24 S fesE A1), BT 10 mL
FEMIE A, TN 5 mL ZE0K, IMASERET KIS
HEN 0.4~0.6 mm FIAMEER T, BIAMWEET
WED1HFERS by TE— 8 BV NP EE AN,
B, et LA ER T, BIYS Emo-NS.
22 FHRERZHEIEH (polydispersity index,
PDI) HINIE

BUE R Emo-NS i, HEBF/RKMBEREAIE
W, S R SOOI 8 LA KN e =
WORLEE /) AT ) PDIfE, J|E W@ 3 K, HCFME.
23 BEZEEZEEmo-NS LA EHIETE
23.1 FREFIMEGE  EE R EHE 50 me.
FaE R E 20 mg. EALEEER TR SmL. BFEEE
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#1300 t/min. WFESISIE] 3 h, SHAREFIFISRETH
%, dR WA 1. 25 R RI PA0T 1R AR sE I &
[¥] Emo-NS “FIkife & PDI /s, [HUhiE#: P407
J9k2E % Emo-NS.
F1 FREFAI Emo-NS FHHIZ K PDI BIFNT
(Xts,n=3)
Table 1 Effects of stabilizer types on average particle size
and PDI of Emo-NS (X £s,n=3)

FRE IS P2k £ /mm PDI
PVA 921.06+42.79* 0.410.06"
PVP 336.74+5.76" 0.360.04"
HPMC 1179.11+46.97" 0.45+0.10"
SDS 380.27+£7.87" 0.34£0.03"
P188 336.04+13.52* 0.3240.02
P407 293.74+3 .81 0.2740.02
CMC-Na 925.49+20.69* 0.340.05*
SH 464.69+43.21" 0.370.04*
CS 700.46 +44.08™ 0.51£0.09*"
TW-80 321.66+5.67" 0.30+0.02

5 407 dHHEE: *P<0.05 “P<0.01.

*P<0.05 *P<0.01 vs P407 group.
2.32 FRE N E R % 5 ERERME 50
mg. AR A SmL. BHEE A 1300 r/min.
FEEIN (] 3 h, WPASE I R 55, 4R K 2.
HI 45 KA %n, B P407 A& K, Emo-NS ~F-J
Wi e PDI SRR IH JePRACE T f#ads, 78
P407 FH & 20 mg B, Frilil % Emo-NS [P35k 1%
S PDIBUNN,  [RIEIEFEASE 741 P407 HI &4 20 mg.
233 KEHRPEMHE [EE P407 FHE 20 mg.
SEACERER TR S mL. WFEEIE SR 1300 r/min. HFBE
WFIE 3h, XRERMEITHES, S5RIE3. H
gERH, BEAE KR ER R, Emo-NS 1
Fite fz PDI AR e ARG TS, 76K

2 REFIAES Emo-NS FiHIZ K PDI IS

(Xxs,n=3)
Table 2 Effects of stabilizer dosages on average particle
size and PDI of Emo-NS (X £ s,n=23)

FE I H &/mg “FHJRi 4% /nm PDI
5 389.31+76.00™ 0.371+0.06™
10 343.22+30.90™ 0.33£0.05"
15 292.314+34.08 0.35+£0.06™
20 263.74%3.69 0.2440.02
25 323.29+23.34™ 0.3440.04"

520 mg AL "P<0.05 **P<0.01.
*P<0.05 *P<0.01vs 20 mg group.

*3 AEZREX Emo-NS FHIZ K PDI IS
(Xts,n=3)
Table 3 Effects of emodin dosages on average particle size
and PDI of Emo-NS (X +s,n=3)

K E HE/mg P14k 4% /mm PDI
30 384.32+64.39* 0.37£0.07"
40 299.46+4.71" 0.30£0.02"
50 263.74+3.69 0.24+0.02
60 305.34+5.61" 0.29+0.03"
70 364.74+24.59* 0.38+0.03"

550 mg 4HELEE: *P<<0.05 **P<0.01.
*P<0.05 "P<0.01vs 50 mg group.

FORMEY 50 mg I, il % Emo-NS -1 #kits
J PDIEUN, Btk KRB R ARy 50 mg.
234 FMEBRTHRBRNER HEKREIHE
50mg. P407 F& 20 mg. FEEH AR 1300 r/min.
PEISTA] 3 h, SRR TARRREAT 552, 4R IR
4o A RATH, BEE SAEEER TR N, Emo-
NS [ F¥ki4z K PDI G ARE I H e B ACS TH s 11
B, EEMEERTAPUY 5 mL i, Emo-NS K-
Bkite 5 PDI s/, BRIbie A A B 2R 1A
SmL.
£ 4 FHHEIR TR Emo-NS FiH12 & PDI HISNT
(Xts,n=3)
Table 4 Effects of zirconia bead volumes on average
particle size and PDI of Emo-NS (X £ s, n=3)

AR TR A/mL P47 nm PDI
3 366.984+9.89™  0.3440.03"
4 328.174£24.21"  0.3340.03"
5 263.7443.69 0.24+0.02
6 283.00+4.86™  0.2740.03"
7 291.81+4.80"  0.26%0.01

5s5mL #t#: *P<0.05

”P<<0.01,

*P<0.05 "P<0.01vs5mL group.

235 WHEHEFMEL [EE K EHE 50 mg.
P407 F & 20 mg. SAAEEERFARFR SmL. W B I [A]
3h, XPWFESHRIITHELE, SR NEKS. mgsR]
M, BEE AN, Emo-NS HIFIKifE &
PDI EARILH G TR ss, B
A 1300 r/min I, Emo-NS {112 5 PDI £/,
PRl I R B0 5 3 22 1300 t/min.

2.3.6 HHEREEFES  [EE KEEHE 50 mg.
P407 F & 20 mg. AMEEERFAFR SmL. B B %
1300 r/min, XTHFESE[AIEAT 4, 50K 6. H
SR, BEEEERS RGN, Emo-NS ~Fik
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#5 WAERZES Emo-NS EIRIZ K PDI B (X s,
n=3)
Table 5 Effects of grinding speeds on average particle size
and PDI of Emo-NS (X £ s,n=3)

T %55 2R /(r-min ) FERiAE/mm PDI
1100 308.03+21.52™ 0.324+0.06™
1200 300.72+2.41™ 0.304+0.02"
1300 263.74+3.69 0.24£0.02
1400 300.19+£3.70* 0.27£0.02
1500 306.47+21.61" 0.31£0.06™

51300 rmin ' 1 "P<0.05 “P<0.01.
"P<0.05 "P<0.01vs 1300 r-min' group.
%6 FAEERTIEIXT Emo-NS PRI/ K PDI KM (X £ s,
n=3)
Table 6 Effects of grinding time on average particle size
and PDI of Emo-NS (X £ s,n=3)

HF BB 18] /h P4k 42 /mm PDI
1 446.83+17.13™ 0.45+0.06™
2 338.58+6.76™ 0.3140.02"
3 263.74+3.69 0.2440.02
4 279.03+5.35* 0.25+0.02
5 325.03+6.83* 0.33+0.07"

H3n4ltE: *P<0.05 **P<0.01,
*P<0.05 "P<0.01vs3h group.

12 ) PDI S ARILH e PR G T sy, et
B~ 3 h B, Emo-NS [°F¥Jkif25 PDI &/,
AT 356 AT B BT (8] 3 e

2.4 BBD-RSM ffi{t, Emo-NS #|& T Z

2.4.1 BBD-RSM IR #HiEH 5K &I &
Emo-NS il &2 &I, & L2350 I
LR =13y NP PN s e d SR NP | R g T B 2 i P
Al I AR S RIE O, X Emo-NS il % T
2R R 3 R R LA BR AR (XD

W R (X)) FEFEER ] (X3) ] #HATH#E— M=
NS, LFERIE (YD) FPDI (Y2) NN
{&, it BBD-RSM X Emo-NS il % T. & #4701k,
FHRFACE AR BT S5 R R 7.

242 ZIRZIURIABE P KR EES T K
H Design-Expert 10.0.4 A% B4 1247 4 BRI 37
TR R T 2280 T, L. X Xs
HNEZE, Uy M L oARAEE, #H7 ZIRE A
HEWE, SR8 ¥1=271.88—35.79.X,—2.73
X>—43.82 X3—1.94 X1X>—0.35 X1X5—85.87 Xo X3+
16.45 X12449.69 X2 +62.10 X352, R2=0.9545; Y,=
0.250—0.038 X;—0.021 X>—0.043 X3—2.500X 107
XiX>43.500X 1073 X1.X3—0.081 XoX3+0.043 X2+
0.053 X,24+0.064 X352, R2=0.887 2.

T EMEERWNE 8. T v B 5E, P=
0.000 7<<0.01, w3, 1T P=0.7129>0.05,
KWARE; XNT REMTTE, P=0.0131<0.05,
B, KNI P=0.5240>0.05, KUAEE . B
A FEY R, AT Emo-NS il & T2
et
243 RSNHEST SRR P, X X3NH
i, V1A ORI R, BEHY 1 ANERE, d@
1t Design-Expert 10.0.4 #2245 2 S K, 25
FILE 1. 2. Emo-NS [ fE il % T2 A b s Bk
TARIN 5.922 mL, AFEEEAR 1 385.034 r/min, W&
I [] 3.874 h; &G PRl 2 1B 0L, w&ME LER
FALBERR AR 5.9 mL, BB 1390 t/min, HF
JFEISFA] 3.9 he
25 RELHFIEZHENKIE

RAERALE AT T8 KR AR 5S0mg, A
BVOU 407 82N 20 mg, EALEEERIAR N 5.9 mL,

#*7 BBD-RSM KIRIT SR (n=3)
Table 7 BBD-RSM test design and test results (n = 3)

F5 Xi/mL Xo/(rmin™') Xzh  TFRiFEmm  PDI | 5 Xi/mL Xo/(rmin”') Xz/h  FHRifF/mm  PDI
1 5(0) 1300(0)  3(0) 259.26 0227 | 10 3 1300 4 354.78 0.365
2 5 1200(-1) 2(-1) 358.70 0376 | 11 5 1 400 4 236.90 0.205
3 3(-1) 1400(+1) 3 375.32 0377 | 12 7(+]) 1300 4 271.34 0.271
4 3 1200 3 361.14 0375 | 13 3 1300 2 428.82 0.458
5 5 1300 3 259.28 0247 | 14 5 1300 3 263.22 0.256
6 5 1 400 2 509.20 0454 | 15 7 1300 2 346.77 0.350
7 5 1300 3 256.98 0215 16 7 1200 3 304.59 0.324
8 5 1200 4 (+1) 429.88 0452 17 7 1400 3 311.02 0.325
9 5 1300 3 320.64 0.326
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Table 8 Results of analysis of variance for quadratic multiple regression equations
I %= Yi Y2
K AN H hE Fil PlE P Jr AN H hE Fil PIH
isis) 85 438.800 9 16.320 0.000 7 0.098 9 6.120 0.013 1
X1 10 248.820 1 17.620 0.004 1 0.012 1 6.560 0.0375
Xz 59.787 1 0.100 0.7579 3.445X1073 1 1.940 0.206 0
X3 15364.170 1 26.410 0.0013 0.015 1 8.390 0.023 1
XXz 15.016 1 0.026 0.876 9 2.500X1077 1 1.410X10™* 0.990 9
XXz 0.483 1 8.302X 1074 0.977 8 4.900X1073 1 0.028 0.8727
XoX3 29 494.630 1 50.690 0.000 2 0.026 1 14.890 0.006 2
X2 1139310 1 1.960 0.204 4 7.659X1073 1 4.320 0.076 3
X2 10397.030 1 17.870 0.003 9 0.012 1 6.770 0.0353
X3? 16 238.560 1 27910 0.001 1 0.017 1 9.770 0.016 7
Bz 4 072.668 7 0.012 7
A IR 1 080.100 3 0.480 0.7129 4.923X1073 3 0.880 0.5240
2R 7%= 2992.568 4 7.487X1073 4
600 600
g =)
£ 400 £ 400
s e
200 200
1350 1250 =5
X,/mL 6 < 1250 Xo/(rrmin”") Xz/(r-minfM)g/h
Yi/nm
1350 35
Tﬂ
= =
£ 2
2
1250 2.5

Xl/rnL

I BE A E Y 1 390 r/min, AFEERFAIN 3.9 h, il 3
Ik Emo-NS, 737l H-F35ki42 5 PDI, JaiE4s R
WLZR 9. FHkif2 5 PDI #4150 38 (236.23+1.13)
nm 5 0.2054+0.011, 5 BBD-RSM Tl iz, =
PUPEET, RUNZBEAATH T Emo-NS &7 T
Al

2.6 Emo-NS EltHI&F TR

2.6.1 Emo-NSRTHMHI& LE NSETHIZ

1350
Xo/(r-min~")

1250

Xl/mL

B 1 #EFREX Emo-NS Y1 F/NafY NG E AN EF S Lk E

Fig. 1 Response surface and contour plots of effect of each factor on Y1 of Emo-NS

PRERE R, HRIAMAFE 220G PR T SRR,
AT S 552 o 187 FH s 2 e FG 1) 8 B2 -8 SRR B £
ffo B 5SmLEmo-NS, MMA&&EFG TR, T
=20 CUKFEHTR 240, BFHETHLH, A% TS
48 h, BEIHETR, #HRME, &H.

2.6.2 Emo-NS VT8 B By ki sr HL
% “2.6.17 WU R J7EM £ 1) Emo-NS T, Inaf
KEH, W ZiEERF k4 PDL,
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Xo/(rmin")

k=
=
1250 9\
4 6 1250 1350
X/mL X/mL Xo/(rmin!)
B2 FEZES Emo-NS Y2 MR R B S 5L B
Fig.2 Response surface and contour plots of effect of each factor on ¥z of Emo-NS
R LBFITZHIELER (n=3)
Table 9 Verification results of prescription process (n = 3)

Fs IR /nm PDI KAz {E/nm PDI {8 RLAE T E /m PDI Fil{E

1 236.20+1.78 0.201£0.013 236.23+1.13 0.205+0.011 236.90 0.219

2 236.60+1.21 0.214£0.011

3 235.90+0.36 0.199£0.002

2.6.3 RTORIIRSETIE 2 “2.6.17 WURTE RISl SR T ORIPEERE 3. 54 7. 104 30, 504

1% Emo-NS ¥R-T¥, LLEWJEKIFEki{E & PDI
VRO IRRR, WH EREE. FLBE. RERE. AIENE 4 A
R ORIFEEAT IR, 45 R WK 100 HHEREE YR
FORIF T, H 4% ) Emo-NS VR F#-FI ki 84k
/N, SRR R EIRLAR N (272.04+3.86) nm, PDI
fE°5 0.22140.014.

264 HTRIFIFESS 1% “2.6.17 BNk
#* 10 Emo-NS HURTRIFFITHE (X+s,n=3)
Table 10 Screening of freeze-dried protective agents of
Emo-NS (X+s,n=3)

RyGURE  BEE TR mm 25 PDI

TH 371.01+£4.02™ 0.356+0.013"
H R 331.2242.12" 0.350+0.025**
b 353.70+2.16™ 0.3394+0.010™
i 272.04+3.86 0.221+0.014

I 295.01+8.65* 0.31140.007"

R S "P<0.05 "P<0.01.
*P<0.05 P <0.01 vs sucrose group.

70, 90. 100 mg/mL ] Emo-NS #%TF¥, LLEEE
(1P 35RA%E S PDL PN TR AR, X R 7
BT EE, ZIR K 1. B0 50 mg/mL REREE
TR Emo-NS VR T8y, B Ja H-F- Xk
12 )% PDI fe/)y, BRI R T ORI 771 RE 0 o ik P
A 50 mg/mL.
2.7 Emo-NS FT it FiaEE g
Bl % U7 ) Emo-NS % TRE =, TEE (i
FE 25 C. MFE 55%) NHE, TEARIRE 555
M5 FAPIIRAZF] PDLE, LABFFL Emo-NS T4
PRIAEAARRE Y, SRR 12, MRPZER AL
EH, EEENEF 14 d, Emo-NS % W%
Fifz K PDI ¥R kA i B AL, R ERE
EVERT
2.8 Emo-NS HIFR1E
2.8.1 kif£. PDI J& ¢ Wi %% HU&EE Emo-NS
P, AEBETPARRBEEEERE, RASRTH



* 6924

FEH 202410 7 $55% B 20 Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20

#* 11 FEHEREREI Emo-NS FTHES IR

(Xts,n=3)

Table 11 Effect of sucrose concentration on redispersibility
of Emo-NS lyophilized powder (X £ 5,n=3)

FENE IR /(mg-mL™") B EF¥REmm  ZE/E PDI

3 396.02+8.34™  0.389+0.015™
5 328.904+24.53" 0.33440.024™
7 302.22+8.52"  0.311£0.019™
10 296.59+3.41™  0.29740.021"
30 286.81+4.30"  0.28240.032"
50 265.211+6.96 0.200£0.006
70 313324591 0.391£0.014™
90 374.87+14.83" 0.424+0.023"
100 394.54+28.74" 0.460+0.043"
SRR RIRE 50 mgmL T 41HE: *P<<0.05 *P<<0.01.

*P<0.05 P <0.01 vs sucrose concentration 50 mg-mL™" group.

R 12 Emo-NS A TMEHAMEREMERER (XLs,

n=3)

Table 12 Investigation results of short-term storage
stability table of Emo-NS freeze-dried test (X £ S, n =3)

t/d Pk 42 /mm PDI
265.21%£6.96 0.20010.006
266.301+0.55 0.19840.010

7 268.80+2.75 0.20040.007

14 269.73+1.50 0.21040.008

SR FEACIN 38 HRAT 73 A7 Sz PDLAE, FEWGE 3 K.
SR LE 3. 4, i30S Emo-NS MT-ikiiely
(236.23+1.13) nm, PDI & 0.205+0.011, { ALK
(=31.2241.34) mV.

2.8.2 AWML Emo-NS AP, 458 mE

1 10 100 7 1 600
Hi4%/nm
3 Emo-NS #iR5%h (n=3)
Fig. 3 Particle size distribution of Emo-NS (n = 3)

10 000

-150 -100 =50 0 50 100
¢ HA/mMV

4 Emo-NS{HfL (n=3)
Fig. 4 { potential of Emo-NS (n = 3)

5-A 7R HUEmo-NS & &, & 4#kfE, W1E 300
H B L, BARET G 1% IR et T4
B AT TEM Wg%, 25501 5-B Fizx, Emo-
NS /MR, A0 L5

- g

500 nm

5 Emo-NS 7MY (A) 5 TEM & (X120 000, B)
Fig.5 Appearance (A) and TEM diagram (x 120 000, B) of
Emo-NS

283 £ 7~ H &= # ( differential scanning
calorimetry, DSC) Z7p#fr  HUKEZRERLZ] . P407.
R MEREY) CRBEEERIZ . P407. FEREM
ZHEMRIES) LK Emo-NS WRTFH3t 5 4HEE N,
oA BT, D adseN Sy, RE%E
APEMERMIERSHETLL 10 C/min FE 2T
B, THEJEHE 20~300 C, #4T DSC 0#r, 45%
W 6. KIERFERIZTE 259.2 CAAH 1 ANMHER
FFEWE; P407 7F 553 CAMFAERBIMIIE fIg; BE
BEAE 191.3 ‘CHI1227.5 CAAFAEIRBUIIE g ¥)
IR AW K 25, PAOT I RE R4S AL 04 frf 241 B
s B Emo-NS R T AAERIEHMRRIE I, K3
FRAE 259.2 CAHEMIFRAEMRISCIEETE 2%, $RoRH8 KB R
il %% i Emo-NS Ji& i AL KA 748k, AT g2 A
ToE LIRS HCF NS, s e e,
ARIT 2P0

2.84 X $IEATH (X-ray diffraction, XRD) 43#7

S
I
i /‘”‘. P407
T
LYise DR
i&——i_,\_—k_r
Emo-NS % T-#5
0 100 200 300
7/°C
B 6 KEZRFERZ. P407. EHE. MIEESY. Emo-NS
ETFHEY DSC &

Fig. 6 DSC analysis diagrams of emodin, P407, sucrose,

physical mixture, and Emo-NS lyophilized powder
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UK 2 R\ P407  BERE I ER IR S L & Emo-
NS HF#3E 5 AR, R X FLRATHAGYE T/E
HLE N 40 KV HLN 40 mA L A EE N 5°~90°,
HiP KN 0.02°00 AFEIEK N 0.154 06 nm.
HHZ N 4°/min WI4F AT XRD 047, 4550
K 7. KEERIFERIZGTE 7.94°, 9.97°, 11.76°, 13.14°,
22.53°, 26.25°. 26.99°. 28.41°4bA B KT,
YLK R A e M AR WHERA YK
TR AR ARAT ISR A PTRSS, TR R KR AE
LA T SR R A B PR A R R AR T RS A
HAER, BASSRBEIE ML B KT R IR IERT ST
W, 158 BH K B8 2 AE A o IR AR RS FE AR R AR R
Emo-NS 7R T8 i K8 2 R IEAT S I o, 4k
4 SR AR AR T BUIRES , Bk Ae e 7 s L g
XRD g5 5t — B9k | DSC [F)45

o o
| |
M P407
Joo FERE
M‘ YER A
R S Emo-NS %1
o 3 6 9

26/(°)
FHTF ) XRD [
Fig. 7 XRD diagrams of emodin, P407, sucrose, physical

mixture, and Emo-NS lyophilized powder

2.85 fd H A5 21 4k % (Fourier transform
infrared spectroscopy, FT-IR) Z;#T HUKHE &Rk
2y, P407. JERE. YRS YILL S Emo-NS Tk
I 5 HFE, SR FAH B AR B LT bR 2 A AR
HN 4000~400cm ™! S HFEON 4 em ! I SRAT R
T4, 34T FT-IR 407, 530Kl 8. RIE&RE
BLZGTE 1750~500 cm ™! AbFAAE SR IR ic e, HLAE
3417.30 cm™' AEAFAE O-H WRHSCIE; )RR TR &4 I
HRERFIFERRYE, R KRR ST H
HRLATYIIR G5, HAC SRR R A A s

Emo-NS Tk 5B S M ZrHEG,  WRfoid i
o REEFG AL R AR, R KRR
Emo-NS T# B = i vl se KA T 0% . FT-

Tomnzg |

S
N/ Pa07

i ~N
v L| ,"ﬂ" |
Il
i

\ , N
N BERAY U%M\n ki
Y

Emo-NS T

4000 3000 2000 1 000
viem™!
8 KEZEFERZ. P407. FHE. PIERAY. Emo-NS
FHTRHE FT-IR

Fig.8 FT-IR diagrams of emodin, P407, sucrose, physical

mixture, and Emo-NS lyophilized powder

IR 455 5 XRD 1 DSC 5256 45 AT o

2.9 Emo-NS FTMAINERZR

29.1 @it KA HPLC i£%E Emo-NS T
M KRR & &, BN Agilent Zorbax SB-Cis
(250 mmX 4.6 mm, 5um) #; JEBIHANHEE-0.1%
BERR KR (85 1 15); KK 254 nm; AR
30 C; MAFURE | mL/min; HEFEE 10 uL; FEIGES
BREL LK 38 2 AMIET 3 000,

2.9.2  WRE SR EIHIS R PR B ZO0 IR
5.04 mg, WREHERARIFERE S mL, FCHIEUR
IR 1.008 mg/mL % I8 VAR .

293 HEER RIS RS AR Emo-NS T
¥ 10mg, INHFEEEARZE SOmL, HI74K M E R .
294 LEMHE %I “29.17 TN ALt
SR B R VAW . Emo-NS R TR s i
W BFIREES 10 uL, 3T HPLC W5E, g
(E9) $2o, TEXTHE S il AR B (A7 B b, AR
A VR A A TR O B N 8] 1 € it e, IR S A TE ki
LB AT, % Emo-NS W T-Hr B KR & &
WERA T, THEREE R .

295 ZMERRFBE OREERIEUOCHZO0 IR R
0.1. 0.5, 1.0, 2.0, 3.0, 40. 5.0mL, & 5mL &
T, I EERRE R LI, R, IS . #5E“2.9.17
TRl 2 AR HERE I 52, (e ST RY, DA R
BIREONEALER (XD, BRI ALER (V) i3t
ITERIERNE, 13RS5 FEN Y=564.93 X—2.088 7,
R*=0.999 9, Z5RRHI KB EIE 20.16~1 008.00
pg/mL 280 R R AT

29.6 FEEEEE REEEL 1.008 mg/mL K# %
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| K&
a
K#EER
b
C -
0 2 4 6 8 10
t/min
9 KEZENERS (a). Emo-NS HTA® b). FEE (o)
B HPLC

Fig. 9 HPLC of emodin reference substance (a), Emo-NS
sample solution (b), and methyl alcohol (c)

X ISRV 10 ul, $518 “2.9.17 TR (o il 25 R 4L
HEREIIE 6 VR o I 5E 25 5 BoR, KB RIETH AL RSD
N 1.43%, R\ IR FE R A

29.7 FREMFEER  FEEWI Emo-NS HTHia
10 uL, B “2.9.17 T F ik 264453 7 Tl £ )5 0.
2. 4. 8. 12, 24 h HEREDGE, ICSRUETHIAR . W 2
REIR, KRFERIEMHAL RSD N 0.89%, FFMHR
ARV 24 h W EME R IT

298 HEEMFEHK HE—H Emo-NS KT i
6 11, rHlt% “2.9.3” Wi J7iEH % Emo-NS %1
WAL AT, 1R €2.9.17 TR (il AT I
Eo RN, KEFEESE RSD A4 2.04%,
KW IEEEE R

2.9.9 fIFEEEEE R CE KSR S
&= [ Emo-NS T4 6 17, IMHEEES, #5471 mL,
RIS B A S RS o R R, R
“2.9.17 WUF J7iEN B KRS &, THEMEEREL
R GEREIR, KRNI IR 101.62%,
RSD 4 2.99%.

2.9.10 MRAMERCERN E LG SRAHETEE
U 5 K 3 R JFUR 24 B2 Emo-NS ¥ T4 A A e
TR UK 3 R DL Emo-NS %87 % 1 mg,
S 1 mL BB R (5 0.5% CMC-Na 5 &7
KD HE RGN B AR 4T i & 8 000~10 000
RPHAGENT R, PRl B R 25t ER,
WMHEN R E T8 100 mL #0K (& 3% SDS
(1) pH {H 7.4 BEIR SRS MHEI T, TIARE T

PFEG T, BRSO SR RIE (372D C, BT
TERE g, % 100 v/min FE AT HE 19K
P, AT RBOTIEE 052 1. 24 4. 6. 8. 12,
24, 36, 48. 60 72. 84. 96, 108, 120, 132. 144
h (R A] S 0.2 mL BRSO, (RIS R AR [ AR AR 1
7 3 T A A TR I

B H R 0.22 um BRALIE e, B
JEIER 10 uL R, % HPLC v e Bl Hh K 3%
FINEIREE, FEE T AR R R 1 RAUREI
# (cumulative release, Q), BHEEHIT 3 Ik, 4RI
K 10,

o=[CVi+(Ci1+Cot-+CiDVRIIM

Civ Con o+ Ci NSRS 18] SR TN BT HH R B 3R B B R L
Vi MR BUSARRR, 72 N EROT I RS AR, M 2
YIRIYIah &
100 1
80 1
S
@_ 60 1
%i
B 40 A
b
20 1 —— KREEERZ
—e— Emo-NS % ¥
0 . . . . . .
0 40 80 120

t/h
10 KEZFERZSF Emo-NS R T AUAIMNERBL
(X£s,n=3)
Fig. 10 In vitro release curve of emodin and Emo-NS

lyophilized powder (X £ S, n =3)

144 h Itf, Emo-NS ¥y HI 1A b EARE A 1]
BETRERERL, H 144 h BRBEHCES AR
(93.47+2.74) %HI (53.46+0.50) %, UiHHKiE
F il 45 i Emo-NS Ji& , (RSN IUIE 045 2 B & 1R =,
HFEFE R AT R 2 N Emo-NS Fif2/h, M3
B HARTHAR NG K, I s AR im0y,

XF ) RBVBETCR AT F R —
Higuchi PL A Ritger-Peppas #l) /1 2# 7 FEAE A A,
SR WA 13, HAKRH (R WLEH, KR
JERE 24 2% A58 () 90 & A0 2 O — 24 > Higuchi >
Ritger-Peppas> %%, & HBEBAA; Emo-NS
VR TR S A LA A Ritger-Peppas™> —2 >
Higuchi>Z%%, 4 Ritger-Peppas BT,
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Table 13 In vitro release model fitting
o KREERERZ Emo-NS %1
WA R WA R?
Zero-order 0=0.438 58 t+3.168 09 0.846 58 0=1.032 64 t+1.263 57 0.966 79
First-order 0=54.813 10 (1 —¢70032321) 0.997 34 0=129.923 05 (1 —¢ 0:0117401) 0.989 72
Higuchi 0=5.415461'2—3.512 39 097171 0=28.324 58 112—4.714 76 0.973 60
Ritger-Peppas 0=3.22921 {5932 0.950 68 0=2.781 75 {07244 0.991 91

i b, RH MMM 64 K3 2 ] %5 i Emo-NS
PRI H I A ST B
210 HHAEHINE

H¢ 5 mL Emo-NS & 5 mL =i+, I\ HEEH
AL 5 min, FEEEAEZZIE, i 0.22 um FFLIE
JIg, EXEEUER, 1E “2.9.17 TN itk SRR
IHERERIE (M), T3 & 7E 5 mL Emo-
NS, DNEICRFIHEAT BEGT, REiiE (M),
AT 3 I, TR EZ E . ES R TR, Emo-NS ¥4
TR RE R EN (57.32£0.72) %.

RAE=M/M
3 Wig

AHFFTCRH MMM il & 1R e
200 nm %45+ PDI<0.3 ] Emo-NS.

NS Bl & 777%A “H 2T (top-down) Al
“H N3 E” (bottom-up) PAKAHATE 3 FhH,
MMM & RAAE G A TR VLRI R, J&8 T “top-
down” %L M) —Fl . NFUBHEE DA S 7 24
F7 AR A BT, 41 Rapamune Emend. Tricor A1 Megace
ESUl, BAMAERM. A= BAK. 3ekm.
PEOR . BIUPE LR SERE a,  ELIRI ) % e R s R
& AT HRARENEZY), &A T DI RRRA
7=, FEHAETZ R T &SR HE R
A RN, s Bt e ot, H— i & P I
B2 %, HIF AT R R AL 7 AL 2Rt 7
& KR FRLZ R 20819, MMM V22 0 s it
JER VK P 1) % RS 2 L A7) 4 /N 28 S S AR, 6 A
LIRSS . TOMORSE, WIS 1, BB AR
& BN, — RS BN R L=,
REAEAG 2417 20 JEURLIS200, B 3 & i S 7E 256 = 1)
FIALTT e TER GRS FEARTTIESN, Wit 2
RGN IHE, WA ZYIRT I BE 2 KU,
T34 P 25 0 4 B e s S B A S A 24 A
TR, S A T R i s 2 P ] LA [ e i 31
TEAZIERE R 25 WRL 2= S BE A o 2 TA) A W A il

5 RN, WORHT R AN B BR8], B T
KIS NS,

7E NS [l fE b, A2 IR 2R X R
FEMAR R R E R R EE, S HEBMM NS 1
YRR E e, HALHIEFES AR e . FrEiR T
LRI, ARHF AN 2R E AT T 0mIE, RISl
F P407 It 4% S Emo-NS FEIRIARE/N, H
JRR T RE R P407 AHEE FRURTIE VR, nIfeft
KMz AR Sy, &2 2= |4 BEAE A, AR 1k NS
%%[22"23]0

AR TR NS B A, EAERT
PRI FEF, — MO — & E G TR R K E
RS PEAE R, FH DA N A VR 45095 A0 [ AL 5124250,
KT G FFE R H BT R, 25
BRI IR IR N 50 mg/mL BERE KV T4
B A TR 2 A PDI /), #5200 Emo-NS 4
TR AL AN ERAA T, B 5 Tt — P R
FRAE, B UAE TR FIE TR, af 8
R G 2GRN A, IR FRHA TR AR
SER, A ATIEIE N Emo-NS VT8 1A i Pk AT
52, ZEINE 14 d J5T¥RAE & PDI A4b i
/N, R I A7 R e R R AT, J5 P XS Emo-NS
YRR KRR e M AT B IR I 50

7E NS i &2, 2 a R ae s ke
SR, T 5 T 2 W R A R . AN TR
Fi DSC 43#ri%. XRD #£H1 FT-IR ¥EXF K3 & 5k}
24 Emo-NS Tk k7T d 2 /b, DA% MMM
TEFIRT A BN R B R i B s . 25 KRB, 4%
K Z %N Emo-NS J&, sHKREARN, PILE
AURA/ BT NS thaligifa e fle g, A48T
HEH

AR SE R B, Emo-NS 4 BRUB R
BT R R R, i HEE TR RS
Ostwald-Freundlich /5 #2, Zj¥kife 5 245Y) 005 &
FO IR ROEAR G, 2R KB F H 45 B Emo-NS
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Ja» T AR EEBOR IR 7 BT AR S5 BN 25 R AR
PBIEENG 5%, IR 25 Wi 1 EAS B 1 S w2227,

Zi LRk, AWEFUH% ) Emo-NS, fil#% TZ
GERETRIE GO 7/l e I AN & S =Pl PSR R ey
SEPESF, DU B RRSR I R B G L, (]
I AR B2 RIS T A 2R PP 55
77 T BLRE SR, AT A T R PR

R BAR PTANEH ARG LEA TR

SE K

[1] B, A, T KFEEEBE RS ILRIEAT
WFFCEt & [J]. FRELZ, 2023, 54(1): 303-316.

[21 FEEYE, AL, XA, S ORI ZG IS MR At
& (3], FHEPGHTEEZ, 2012, 12(7): 886-889.

[8]1 Ehke, RERAE, FIREE. KIERITHE KSR 4
AR KU (3] PEEERE, 2023, 59(3): 140-
146.

[41 R, BedmAl, Z4r%8, 4. R ERESEA Ui i
M E Rt s e (3], R, 2022, 44(11): 3587-
3595.

[6] HAFIZE, WA, Tk, & KREENEHEILFILK
BRI K BB %38 B AU SO 4 0 s B ) ORI VE
[7]. PR 5% RE4%E, 2019, 39(7): 1388-1395.

[6] ShERR, B4R, ZEEALR, 5. KO 2B AL B 1
st (3] ZRURIEEL, 2016, 44(27): 144-146.

[71 ZEWes, MUWLHE, 5KE 5. MR RBEHEE SRS
Tl & R HAR N 2 sh AT (3], HRE, 2024, 46(1):

41-48.
[8] TAEE, AR, HELk, L. FFESRIKIEENF
URT R ) 28 SRS EAR (0] R EERE A AR,

2023, 43(13): 1471-1478.

[91 T, &M, Wik, % DHERARENNEE
B - /KR 7 SR AN K TR BT A A S AR SN ().
FREE2Y, 2023, 54(15): 4823-4831.

[10] ZEmedE, AR, MiFE, & RAASEPIKRERIW
il 2% S BT IS [J]. HRRZ, 2021, 43(1): 6-10.

[11] Bls, M)A, skMEDS, 5. B RIPKIRENAE
TB AR B ) 25 B ARANIEAN [J]. h EBE R AR,
2022, 42(4): 393-398.

[12] AWM, Fuh. POkt o (1], Ebrgs
W44, 2012, 39(3): 177-183.

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

BORHAH, L—F, BROUAR, % S EE AL RN
K BRI 2 S AR SR [)]. FPREZY, 2020, 51(8):
2125-2133.
JEHTON, BokEE, TR, 55 ZRRIUK IR
% RAEBAR N AN EE VAN (7], HER 2 AR,
2023, 32(21): 2198-2209.
FREERR, BN, HEAE, & ARFEE TIPSR 8
RIRGAKIR BN R [1]. B B R 2 2 ¢
&, 2020, 40(22): 2327-2331.
RS, XUBA, R, S5 AR R AR BIR 30 4
RIS R E [T]. 25%°74R, 2018, 53(4): 529-537.
Liu P, Rong X Y, Laru J, ef al. Nanosuspensions of poorly
soluble drugs: Preparation and development by wet milling
[3]. Int J Pharm, 2011, 411(1/2): 215-222.
HORAE, ETER, TRRLDE, . RO B B 4
MV BEER KA S GIRIR BT (7] Y, 2017,
48(21): 4413-4418.
FEER, LS, R, S A BT A
LR CERYORIBET [1]. TEFHZRL K S 54), 2020,
37(3): 202-209.
BAERE, LA, WEE, & BT HORIEERE
T B ) A S AR SN R B (0] MRTRUE 5 AR
2018, 34(2): 120-123.
FERLTE, FRIAITE, IhT. GURIR FEAPKRIR B % & H
N ZBERTTT [J]. TR, 2023, 45(4): 1045-1051.
g, LR, ERM, & EHRZFIKRIRER
& ARG VEAN (0], 30T R 2R A AR, 2024,
26(8): 18-24.
FIERES, TRk, 280 WHIREJE 9K TR =R i 2 i 4
FfE K H AR E RS )] P EER A F 44, 2015,
35(12): 1147-1150.
AR, Wt R, IR, & BRRPUKE S &L
SRIFRAE (). IR R R AR, 2017, 37(4):
369-372.
SEEF R, XUFE, TR, S5 PR MR IR B
KA (1], P ERZ44&, 2023, 32(20): 2099-2105.
B, sk, EEE, 2. ST 9K IR BT TR
FLAEEREHS (7). FEZ, 2018, 21(5): 809-
813.
i, silgE, bk, & EEEHYOKSERREOLIN
il & S LB 12 T (0], PR AR,
2013, 38(8): 1156-1159.

[FrAEmat  FRALRE]



