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Preparation of insoluble flavonoids nanosuspensions by miniaturized media milling
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Abstract: Objective To study the feasibility of preparing insoluble flavonoids nanosuspensions (NS) by miniaturized media milling.
Methods The miniaturized media milling method was constructed with the magnetic stirrer, vial and zirconia beads as the power
plant, milling chamber and milling media to prepare the nanosuspensions of four flavonoids: quercetin (QCT), baicalin (BCN),
puerarin (PRN), and silymarin (SLR). The process of stirring speed, the amount of milling medium and the milling time were optimized
with average particle size, polydispersity index (PDI) and stability index (SI) as indicators. Results The optimized process of stirring
speed, the amount of milling medium and the milling time of QCT-NS, BCN-NS, PRN-NS and SLR-NS were QCT-NS 800 r/min, 8 h,
1 21, BCN-NS 800 r/min, 24 h, 1 : 1, PRN-NS 800 r/min, 24 h, 2 : 1, SLR-NS 800 r/min, 12 h, 1 1. The average particle sizes of
QCT-NS, BCN-NS, PRN-NS and SLR-NS prepared with the optimized process were below 400 nm. The PDI of QCT-NS, BCN-NS
and SLR-NS was below 0.3 (PRN-NS) and SI was above 0.75, the PDI and SI of PRN-NS were 0.41 and 0, respectively. Conclusion
The miniaturized media milling methods for preparation of insoluble flavonoids NS is simple, stable and feasible, and it is worth for
further study.
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R 1 PRI Ee ], AREUE R KR e 7,
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Table 1 NS prescription of different drugs

NS Wb 77 2R R
QCT-NSP Wit Hz 2 10 mgmL ™'\ A&V 188 7.5 mgrmL ™', GR@ENE 2.5 mgrmL™
BCN-NSi2! B 5 mgmL L VYOI 188 5 mgmL . TR EEBR RN 2.5 mgmL !
PRN-NSI2 HRE 10 mgmL ™. UG 5 mgmL ™. ERPIEFILLAYER E152.5 mgmL ™!
SLR-NS# K KHEIR 4 mgmL ™' BL4EE K30 1.3 mgmL ' |+ ke EMiER4N 0.7 mg-mL ™
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() PDI NS PRI 5 T 4785 SLR-NS [#) PDI &P
F#AK; PRN-NS [ PDI o7t J5 PR A . AR FEE,
PRN-NS ] ST #°4 0; QCT-NS ) SI B % 3 1) 18
I3z 45 P&, 12 600 r/min Al 800 r/min ) ST 2 AR
HH {2 ; BCN-NS ) STiZ 57+ 15, {H 800 r/min A1 1 000
r/min [ ST Z A ; SLR-NS £ 800 r/min i SI
k. AT k12, PDI M SI, 252 A%tk

F2 HRIS NS FHRAE.

A, AT 4 PREELZIH) NS R 3R
800 r/min.

232 FAMEEHEEER  [EEPER AN 2 h, @)
BEFEAR 3R 800 r/min, ZGYIREBMH A, Xt
FAEEHE S ANREWRILE) 101, 201 475
%%, 1% 3 W4, QCT-NS. BCN-NS. SLR-NS [f]
SFRIRAE S PDI TR 25l 5 A A0 B F & L A
101 B fefE, W PRN-NS UFE 2 0 1 & A
fk%% F &, PRN-NS [ SI ¥J°4 0; QCT-NS 1 BCN-
NS (1) SI HTEZWiRE R S A R 101
i, SLR-NS [ SITEHR Xl 276 7% 18T
Hife. PDI A SI, 52X EARAE, BZHfiE QCT-
NS. BCN-NS DL F SLR-NS & b5 & 5259 &
WEEHl 101, PRN-NS A2 : 1.

233 WHEERTEEEE [EE R IR EOR 800
t/min, ZJYNRBRSEEEHELFA 11 (PRN
201, SWFEERFE] 2. 4. 8. 12, 24 h HHTH %K.
HHEE 4 WA, BEAE WSS (] B 4E K, BCN-NS. PRN-
NS Fll SLR-NS [P IRi2IE D BEK, QCT-NS ¥
Kifz 12 h WA, 24 h B B2 PR, (HEHT
& 24 h, QCT-NS MLtk A= 3 A K. . PRN-
NS {7 PDI B W EE IS [ 2K D TR, HAth 3
1 PDI Jo BH S A B A5 T S B[R] A 2E 4, QCT-NS
SLR-NS [ SI Ze34 1 f5 97y, BCN-NS ] SI JoBH
AL AR, PRN-NS ) SI &N 0. L% 811
Fife. PDI A SI, 2 AEXT R, S ZHfiE QCT-

PDI #0 ST B9&2MW (n = 3)

Table 2 Effect of stirring speed on average particle size, PDI, and SI of NS (n =3)

R FHIFAE/nm SI
(rmin”') QCT-NS BCN-NS PRN-NS SLR-NS QCT-NS ~ BCN-NS ~ PRN-NS ~ SLR-NS ~ QCTNS  BCN-NS PRN-NS SLR-NS
600 18923 277425 1838+162" 18823 0.284£0.017 0.301£0.027 0.37420.035" 0.279£0.005 0.803£0.029 0.785+0.017° 0 0.819£0.033
800 180425 211427 1667+ 78 179422 0.257+0.035 0.241£0.029 0.472£0.056 0.243+0.015 0.7810.015 0.824£0022 0 0.853£0.012
1000 194£23 220424 1900+ 88" 18619 0.26920.047 0.2380.025 0.435.40.036 0.192£0.019 0.72410.054" 083240020 0 0.828+0.013
55 800 rrmin ' 1A "P<0.05
P <0.05 vs 800 r-min”" group
#*3 HRERSSHERELEHIXT NS Fi9RZ. PDI A SI BN (n=3)
Table 3 Effect of ratio of drug suspension to zirconia on average particle size, PDI, and SI of NS (n =3)
AT TR /m PDI SI
Ji® QCTNS BCN-NS PRN-NS SLR-NS QCT-NS  BCN-NS ~ PRN-NS  SLR-NS ~ QCTNS  BCN-NS PRN-NS SLR-NS
101 180£25 211427 1667+78 179+22 0.257+0.035 0.241+0.029 047220056 02430015 0.781+0.015 082440022 0 0.853+0.012
201 245423°273427° 718+46" 231429" 0.34620.033° 0.2740.027 0.299+0.052" 0.25140.023 0.652£0.019° 0.783+0.025° 0 0.86820.017

511 41k TP<0.05
"P<0.05vs 1 : 1 group
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F 4 HWEREIXT NS K2, PDI AL SI AN (n=3)
Table 4 Effect of milling time on average particle size, PDI, and SI of NS (n =3)

U] PR am PDI SI

[fl/h QCT-NS BCN-NS PRN-NS SLR-NS QCT-NS ~ BCN-NS ~ PRN-NS  SLR-NS  QCT-NS  BCN-NS PRN-NS SLR-NS
2 180425 211427 718446 1794227 0.257+0.035 0241£0.029 0.299£0.052° 0.243+0.015 0.781£0.015° 0.824£0022 0 0.853£0.012"
41651 9 154£26° 66619 163£18° 0.291£0.016" 01970017 0.373+0.015 0.260£0.020 0.891+0.024" 07070031 0 0.875£0.015
§ 17516 11518 457420 139426 0.233+0.035 025620.022 0.405+£0.022 029240061 0970£0.032 0.504£0.028° 0 093620.022
12 16414 8621 435431 127419 0.245+0.023 022540.021 0.404£0.009 025140029 09650082 05920025 0 09240019
24 88424 61£19 334153 116+15 032120.048" 0.21040.024 041240023 0328£0.057 0.921£0.030 0.791£0.024 0 0.895£0.045

QCT-NS 5 8 h AELE: "P<<0.05; BCN-NS. PRN-NS 5 24 h fltt#: "P<<0.05; SLR-NS 5 12 h ZHH%:: "P<0.05
"P<0.05vs8h group of QCT-NS; "P<0.05vs24h group of BCN-NS and PRN-NS; "P<0.05vs12h group of SLR-NS

NS HFEERF A 8 h, BCN-NS 5 PRN-NS [I#F EE I}
(8324 24 h, SLR-NS fIRFEERT AN 12 ho

234 ET 2R E IR % BRI
TESHI% 3 MR, 43 alilE T3 kift. PDI
FSL R NE 5, SHEAZGY) NS B PR
PDI % SI S5HTA LIS FERT 45 AR —5, K
TUEAAY AT B V) 28 ME VA PR B R 2R AL &) NS T
ZRERT.

2.4 FEWE

HUNS &g, WEERnEgHER L, Z=RAE
SRR, TR (SEM) FUERS, H5HE
BlZGEbEs, iR WA 1. QCT JEkIZS RS K,
WA, K/ANA—, RifZLE 10~100 um, QCT-NS
SRERR, KA—, KifR7E 100~200 nm; BCN
JRLG AR E IR, BRI/ 5~50 um
ANEE, BCN-NS ERFREAFINIBRCR, K27

x5 TEAMNS REIZRIZHIEER
Table 5 Optimal process parameters of different drug NS and validation results

NS TZE3H 3RIIEL R (n=3)
B30/ (r-min ") T EER [A]/h A= SEERAE/nm PDI SI
QCT-NS 800 8 1:1 17114 0.233+0.035 0.970+0.032
BCN-NS 800 24 1:1 74+ 7 0.210+0.024 0.791+0.024
PRN-NS 800 24 2:1 342431 0.41240.023 0
SLR-NS 800 12 1:1 135+17 0.2510.029 0.924+0.019

BCN Jikl24

1 PAERE
Fig. 1 SEM images
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50~100 nm, A5 —; PRN JFURZG 2 A KB
MR, KA 10~50 pm A%E, PRN-NS 2 AHF R
W, WA AVEEES ™, 7E 100~600 nm; SLR Ji7
BEGFLRAFN, KN 5~30 um A%, SLR-NS 2
ANFRFRLAR, RARAE 150 nm /247 . SEM ML
(1] NS Kif2 S5RiE e RIEAR—F. B QCT-NS
#h, BCN-NS. PRN-NS Fl SLR-NS ki 254 45 B &
R4

3 it

AR EE A NS, #E T E L TR R
JENL, W&RH SR M T E L % NS
TR ieas . VIMORSE, KBS HizikH
% NS AITEBUN N8, BFEBSRCR B R, BB R
BUN, #18 1%IREHIZ NS, — G2 L
TETIRE, BRSO ERINT ) BRIk
MBS IR, TiEBEEY K4, (HF 3R EF SR,
AT HE— 20 2, s PR MO A SORE X AR AR ) 25 48
Tk 3 25 4 AT e , AR 5 S 1 R 2 S A i,
B IE G A FEAF NS B4 .

NS BB —NMEFREUDY P kiE, Ay
NS “FIRifZEHAE 200~500 nm®!. PDI 214
NS KA B B b, PDIEMVN, RifE 0 Ak
B ST TR RAE NS BaE vk ftadr, (i
BT 1, 29 NS ke Y. %1 NS HH &m0 =,
= I AR — O RLAR >PDI> ST, A
i, 15 LRI RE = A E S A — Eh
o R T Ay T35 k4% >PDI>SI. QCT-NS Ff &
24 h kifddesh, (EHEBE R ARH B, "TREN
WEEE 12~24 h — M2 i, PRI S50 56 Tk AR e
MUK IR, QCT ANkawE, H% L, HufEE
SRR, iR, S8 QCT A AR i A& B AR
ff, PRN NS BAH &b fE, Fi3kfs PRN NS &
OV JE AU, WA BiEkiE, HolvIL ST o,
SRR AT T PDLBCK, KR Ai), A
Fasg, BSOS TUIMS. SR, ST XL
NS BEOAFE, AT NS e thr s, faeE
BERAE NS Bt A fase v L IL S NS R k)
FHRIAE A — ST

FHFAL T EBLT s SRZAEA ST E B AR 1) 2% 11
4 FPEEERZRALAY) NS Rt KT SCR I E A A
J5 I NS Kifz. AHE T SRR A R
T B V2 ) 4 ME VA PE P 2 B R A 5 NS I RTAT
PE, SGHAT T BRI R S0, BT L2558

XF NS AR L A IS0 S5 R, A/ b

TP ) 2 VA PR SR AL 57 NS T2, 12

FEFAT, (EAHRADTFC. SR, AR AR TS

PG R MR A8, T Z RAETTR NS Hrkife

S A AT RE S AR, Ryt

HIALTT T2 B BURAE . R VE AR T

AT B RRAII . JAh, JEEEm st

28 FEAIT R AR U KU« B S B R AR A

PUE R AT E - S E L 5 B SE RS e T2 I

3P NS 1%
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