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Abstract With the continuous development of high-throughput screening and combinatorial chemistry,
more and more new chemical entities have been discovered, but the development process of these new
chemical entities is often limited by their poor aqueous solubility, which directly affects the in vivo bio-
availability of drugs. In order to improve the bioavailability of poorly soluble drugs, the preparation of
nanoparticles with smaller particle size by wet milling has become a hot research topic in recent years. This
paper reviews the efficiency of wet milling technology, solidification of nanoformulation and quality evalua-
tion of nanoformualtion, aiming to provide a theoretical basis and reference for the application of wet mill-
ing technology in nanoformulation.
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Table 1 Marketed nanoformulations prepared by wet media milling
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Naprelan o® Wyeth Naproxen sodium (ZE3-4:40) agill FDA 2006
Theodur ©®  Mitsubishi Tanabe Pharma Theophylline (X H#) RN 2l FDA 2008
Invega Sustenna ©® Johnson Paliperidone palmitate i BRIA A R ER D HEHHR R FDA 2009
Aristada Initio™ Alkermes Inc Aripiprazole lauroxil (H kB 37 Wg k) TR ER FDA 2018
Anjeso ©® Baudax Bio Meloxicam (&35 SR FDA 2020

1 BHEWDE SR ER

M EEAT R AR b T A S DA 2 ] 2 1m0 5T K T 50 8 — S S A PR YT . R A B 3 e v A
P T 2SR5 25 25 B e TR A Fh 288 B e b PR B8 A Joi 94 R B B0 70 4, 1o S 2 ) 5 i
RN il Y BT 4t
L1 ZiPik)s

FEVR AT v 24 14 XTI 2o A e RS 23 7 A S 4 24 ) 1 VR T A /N AT B 3 R ok T
Z V] Rl JL 3R AN o DT 5 B2 0 0L 1A AR A i AR U A 388/ TR R I 25 40 e 3 2 3 B0 7 TR
JiE T s AT BEARS 24 P 000 S5 0T B8 A1 Jo =2 ) A i e A% . Ghosh 48 AP 558 T NVS -102 Yk B2 X i B
PSRRI, AT 43 5K NVS-102 299k SR e Rt plisE 1 1.2 2 1.4 = 1 P50, 251 3%
B EARIRI B T 24T 24258 R g ) Ll 2 ¢ 1 i A5 B A= M0 BoR R SF de/h . A0 E 26 A0 1 5 i
VR RS T BB SR TS 2o R v BT 2 55 25 1) W R LAt AT 38 X s 52 140 5 i) Al D0 24 0 1 I 12 A
150~400 g/L 5 [E N BEF TR , 25 SRR I 25V BE7E 300 g/ L N A BEIA B/ M RLAR
1.2 REM

2 ) ORI o8 N T A S AR 80/ » /N AR A0 2 BEIR S ZRTET ) Fh BB K S B 1k /N 0k 7 2R
B FERHE I AR R A S AR E A R RIS R VS R R A TR AW W R E RN R 2 B
R FRUEFIAE FIALEE LR 2) 320 5 e b 22 1 14 % o HE e R s [0 SR ZE R 9ok ik R fae™ . &
TR TR P 0 Ao 7 24 W A K AR 22 ] 5 | e L HE R SR R e K BT R, Y e e ) W B 24 R |
B FhARE TR ) S KR A0 T BN, 2% O ELAE 25 ) SR BRI Jr A o X 19 245 0 DR AH IR 5 B AT T 2 A
SEAT L 0 Bl B (R DL B AR ] F AT 1) 24 4 UK AR ELHE R NI B R 2Z ) 1 R4 . R A AR
5 TR A 70 3 o 22 TR 67 L PR V7 VAR P R A 3 3o 24 0 90 K ot 3 T R 68 7K 2 30 28 [
FIBIFER . W BRE AR AR A S R T A 3 A S K A 0 — 28 1) D B i, DA T BR 1 245 4 00K 1) 38 3 D 2 45
LR Z T AR L AR E R RR S R B T 9K TR R 5 25 =2 TR A R Y 4 TR AR L L
HRABKVERI N . 2R ) AP A7 A s (AR ELAE AU R OR Bty . R RS E R B A — 2
SRR T K A 3 2 S SRR 1) 5 285 R O A O i A 3R T 7 48 22 19 S /K P 23 R U v Y R TH
fE TSI 90K S i Re e v

SR ARG 7R IR e (A 7R X 24 00 2 i 14 R B S R e KA 3l ot PR R 70 8 35 25 M A K b Mk 5 1
BUTRE PU/R A AL DTS 52 (BT o 7E 2 e ) 190 Y 2 P B R ) R ) ) R oy, e R
R—E AT, AR R AL WIS REAT sk b L 78 25 W 0k . L SR 24 R B o 7 ) —Feue 740 1 1



55 6 10] BRI 25 R IE W A 28 2 K SR 0 B B PP 2 3 81

DU AT G & A AR SR S AT 12 DT B RR PR ATG . DA b s 7 5 FHOGT 32 245 18 A P A 2 T 3% M R0 ek, 4
Tl e FE AR IR B R B (CMO) 2 2 ikl Ostwald 2k, S22 kb 7 EH RA %), Meng
S NPRESE T AL T I T B 800 IRB G5 A BRI . 7E = 4UR R 9 Fa 5 7 v, SDS/PVPV A64
VR R RRE R 5 A K IR BB AR /N

(0

+ + .

¥ + o 4 (\ —
+ P <) o F -=) —
J
+ + + + J’ ,f
i i g S )/ \) ‘L
Electrostatic repulsion Steric hindrance
B2 BEFNSHYERNER
Fig. 2 Diagram of the action mechanism of stabilizers and drugs
x2 REFRHER
Table 2 Types of stabilizers
Fm REY
FH g 7 2 1% P57 AL QR IO RFLIR L GBIt R IO
b 18 5 2 T 3 ) T TR R 4 (SDS) T T SRR IR 4 (SDBS) L H H: BE R ER 4 (SLS)
¢ [T Y 7457
AR A FRILZLERER (k3D L LA ERER AT I
BB T R T P SR AR IR S
B R IR BEE (PVP) (R ARE (PVA) R — i (PEG)
ZRY) FE FRNBEL R (HPO) FRTN 1 B4R 4 2 (HPMO) R LT 4E R 81 (CMC-Na)
KK T BERR AN 5T RN
1.3 WREST IR

TS A O 2 M0 O PP o 8 e AN ] Sl e ) 2 10 o 368 5 PR VL PR 8 = i ) S 30 SIS BR T 2459
UKL HEA T RIEARE 50 H AN B U0 AT S 3088 A =i 34 20 3 O Bk i H 19 . BIFBE A ot 3 28 2 el 2 e e A A (Y-
tria-stabilized zirconia, YTZ) ANGEH B HE S L BRER L5 G Wy (A a7 B2 A HK 19 R4S 20 0 T B D MR 1R
B ) A Ak A i ) W B 0 R R

WFRS TR ARLAR — BT 0. 1~20 mm, 38 AR UL A BRI 8] , BT A5 21 A9 94 K JORE 9 RO B ) 3X 2
1 TFRLAR /N B ATF S RSN T 2549 0 55 008 5 3k 22 i) () R FRE A 2%, AT B8 1 T RIS 8ok . (R AR A/ N A AT
VS BRALANTE TR & DRI AR AR 25/ 0N ) BF 8 R B A B, S 2 DA A L 0% 1Y) B R 38 1) 24 ) AU 1) BB
Medarevied5 A 58 i 10 E5AF 15 i 46 2k My TRBR, 43 B RSE SR 0. 1.0, 5 R 1 mm (W HFF 86 BSR4 7 F 85
GERERWIR 0. 1 mm A BRRT 78I 1 SIS SRR BE 1 4500 RE RS I8 B 380080 NS A b v R AR 1Y)
. 2R 0.5 A1 1 mm ROSTARIFES BRI . FUA A6 1 AT e i 2 A% 70 VR BE A RBAA B 4E 0. 1 mm R
SRR SO . Funahashi %8 A FHVKEREACAE e MBS A I, BT T — Rl 075 Y MO BIFIES 7 ik . fiff o
T FR TR B A e R A B R B P 75 G I LUK ER AT S A5 300 (1 8 V7 0 1 25 T AR AR 2 A9 TR L
A5 E A BRI J5 M 25 08 A Y I R

TR A I 14 7 i X P S 8 SR A A S 0 o FF S A J5 190 0 7 o — M R FF S 2 AR 80 %0, 24 7F
P A\ T A SR g KA TR 5 P B R 22 [ 10 4 B L 2R AR /N 40 5 0 T 5 R ) i o A S 8 SR B i S K
It HIAFE R R, REFEIG A, 25 50 3 FURIR 5 B 5 P 5 Bk =2 ) LA S AF s B 5 0F s 2 P B 2 [ (0 S 8, [ S A
FNESH THUGE 207 A L RO E & B BE RS R AT R AER A 5%



82 W3k K 27 5 R CA SR R 52 O

1.4 RE

T A S e AR A S B O G . WA RIS R TR RIS A I 5 2 UK LA ST B A PN RE 22 [
BRGNP A i, T AR S R GE L T . B T BN T e A ARl Bt e T BRI T IS 1Y
RO RIS L A T i A 2 5 SO W IURE (1 2 1T 11 PR BB K L (ol A5 /NIBURLAE i) AR EL R AR R AR
g b A A TR BE Y T 1 WD 2 O R SR AR RGN R I B R AR

2 HOREIFHAY AL Tk

o METE RIS Tl 5 (Y DK TR BB AE Y A7 it R m] B 23t BRARE MR B IGO0, BEE U A7 I TR A AE K, 259
S F T BE 23 R T A0 932 3h A S A AR AR A ) Can 3 1RV ) B A A I 460 Mir i o = AR e . AT
75 11 2 K TRV 25 40 0T P SR A 30 X VR R I A DA T 8 5 R A R 0 K ARSIk % T A i A VA U
TS5 0 T e TR A 2oL A v B CRAF AR 0 5 9 A A T e % o ek i o8 T i O A K 2
Pyl 0] LA B 4R 90 K 0RE RS e P 2 OCH Sy L 8 o3 HUPEF8 45 (Redispersibility index, RDD SEPEM
YRR TR T W AR 1, Y RS 25 WAL /N 5 VR T RIRAR AR A AN, o PR 8 2 T ) FH A 2K
2.1 AHTHIE

PR TR R R B 7K AV VR BB VK 2R FER i Y 025 B T [l Rk b 17K o3 AR K 2850
11T S B P RL T 08 1 T R GV VR TR I R BE S O R A I R AE L SR T ) R R A R
PEROT L 2 A VR A R b AR TELKE 2 RS L AR LS R EE N AT TR T TR R 2 A A K A P
IR TR L2 R I ZE K . T BRI B 25 WSS N AR , 29 B e A K PELF 45 5 R
SN 25N L TR 2 T e R A 2 A, 1 RV 20 S MR R 2R 20 BT
foad B — B A AR B T R AR AR TR R AR R A B S A B AR IR B (glass transition tem-
perature, Tg) T AT, PRI AURE [5] 5 75 3 38 B B b 42 2 177 i B RRUE Pk . D3 8, IR I8 VR D 457 m] LAY
TIPSR PR A AT T Kt AT 8 s T L N 2 R TR ot A P T o 8 T T A2 K A 0 o T BV VR T 48R 50 A
e BLHE OB R RTRE  SOBE A0 2 FUBE SRR CHREARE . LB 6 S0 0 22 250 DL B =08 R ) 4500
Cheshmehnoor %5 A 7 15 RIS ] 45 AR e 28 B PRI AR [ AW A 3 st CHE BRI REE L S0 5L

WX HR T A0 L, Y VR DR AP R Y 35 AR T ®3 AHETRINEETEMNRERE
25 & 200 % (W/ W) FT 400% (W/  Table 3 Advantages and disadvantages of freeze drying and spray drying
W) L SRR WILE VS VR T M B b I AR B, Wi H BT AR Wi T AR
AEWS LU H ALY VR R4 57 A BE 47 19 RDI (4K i ENTREER R TREZEMR
YR T IS R BOF A F8 AR RDL BRI 1, g =1 i
RV 5B BN . ¥ U T4 A i A IR
RIS 1 5 B JFURH G B (b R O 4 T AR £ i
P I, 75 2028 RIS IR I 4 28 T RE 6% S AT & &
A e 0 A U 4 P Bl 0% B < .

T AL /N A KA AR

TR B A o L FERE
2.2 WEgs PRI

5§ 55 S — TR T TR P TR FLIBCH AL o TR AR O B MR 220 25 AL 2 KRB 25 e 5 )i
e M3 -5 RS AL i R (87K TG AR TR BRI ol o R 2 0 s S B RS
SRS ES  NITAFE] TR A= 5 . Ouranidis 5 NS M BT B ] 4 1 413 35 25 94 K A2 PR W43 00 HE 85 °C
CAIB SRR 11200 1 67 °C (AR I3 i 88 Vo) I EE T BEAT WA 25 145 , T4 Jm 0 FLE AT 20 B 3L L 285
SRR S LN AT T8 90K 80 W 28 3 23 WU REAIK A2 3] IS0k R0 AR, 170 HilLds £ RDI 72
80%0~105. 206 Z ], 24 4 ik JBE 76 AR 96 25 8 s 22 b B0 BI0AR 40 0K b AR RO 38 R, RDIG Oy 121 3040 ~
1.088%0 . HICAEAR T A i SHE A B IELIE T TR RE RS 13 BDRLAR B/ NI 9 K KL




55 6 10] BRHCMG . 55 SR IEAIT IR 28 20 K A 500 B BB DA 0F 5 i 83

R TR AT DL HOGL B TR B B RRE A UL — 05 22— P O 52 OB 41 T4
AT A R S038 T 8 0 T4 B0 2 8000 30000 FLIE O SRR W53 MR PO B
i REFEBE PV U PRI R

3 ORI B o

VI a6 T JURL 24 R B A O A KRR T B A T — R G ERAE , LA AE DTS i 7 rh 25 ks
TRk R M L B BRI b R R 5 A A B A TR T vk RS R AR S ¢ HLAL AT L 2 W U L RRE
AT 5% AR R SNE R 25 1R 8l ) 2 DA KRR e B 4R 55
3.1 kiRl Sufn

FER AT 3 A B O S W Y T T S A M A5 o R B 38 2 OB AT 5 (Laser Diffractions
LD) Fsh &6 (Dynamic Light Scattering, DLS) il , DLS & —Fi F T 2 AF B 17 WA ZL I v v ks
JUSE A B R AR B TR AR P A TBORE st A B2 B, i IR Y 5 A 3 B A BT 5 A U 2 45 51
KA A5 332 2 TR T3 3 BT T -2 PR M JE O AR A B IURE R BE . LD 5 DLS 2800, 2 3 T X B B
A3 AR B ' A5 R R T A A BRBOR Bt R R K/ . DLS RS20 M RSFYE B 1~1 000 nm )
IR, LD 385 FH 30 OK B 2 K3 TR P AR B it DILS 7 I 5 /N ok st | LD A 30

¢ RS AR 5 43 B Jo 22 () 1 R A, 25, AT L FH St 500 498 DK A - A AR e P AR 400 i R = ) ) A B AR
FAR . — Bk, ¢ B A XTHEAE 30 mV P Ll H B R Y AR E YRR AR . B BRI ¢ AR
A3 5 M A K B VT VR A RS 1 T LR 255 | e o 1 R BRI . AR 25 AR I I BE 4% L 25 W VR BE XS ¢
FLASE (R 500, 765 D 2 3 B302 0 e ML P W R 38 7 A AR RS S gt
3.2

BRIV 25 WA T T OCR B — TIUE A b, 251 0 S AR B ) B 25 ) R T ROCR T 4
PEN R FARAARSRANK Z5 W SR A S ARG BE S AT LASE I 25 WA P SR e T B R 25 W i R, TR 2
PITENLAR N B 53T . Wang 26 A RIK 22 BRI 254y , SR FHRIA A IR thil 4 B4 oK i R Lz A
B FH ek v LA S B AR B SR R AR R € 3% X R AR L BT S £ O A K 25 R G AR 2 B Gk 35, 41+
0. 31%6, 45 T W FTIF A 19388 306 28 P T LA S a3 07K U 08 P 1 S5 R A HL A 18 M 3 v ) s 8 s o
P K TR A AR YR T O B A B R R 2 i
3.3 #HbiEi

WA IR » T B Zead i ff R VA AR I » A BB B AR R SORR S SR T — 26245 el TR )
VS ik A A BRI T BT TR AL B 2B R R EE S SR AT SE i 25 0 i 2550, TRt 240 R R s o Dt
T A B A 2 BB HE 0 o H R IRONE 05 8 T 1 Ik DL B T A i 3 e
ML . 2GR IR ALY E A &8 37 25 W e R P9 AR S A AR S, LTI 25 M e PR P MBS, Lia
S5 NUUR A T I R A 45 T 04 S Sl K 50 L 5 O} 28 K P BR  R L YRR I A 1 4K
FIFE pH 1. 2 FhFRA T KFN pH 6. 8 FBEIRZE ik 1975 H R W i & T IR 2 A 3R 54, 2L 5 min
W25 REGE 70,60 min NSRS 90 % . RUNBILDTEE B W] L 2542 i 25 i Hh o
3.4 ZiA

iR — A B AR R AR B P 2 A T T R R AN | T RO DA B 45 24 05 K3
S M2 R DR AE 259 T T 2 X 25 MR A T 4 T 04 40T, 25 254080 ) 2 i g R L B Y —
AT, 2GR Bh F1 SRR I 25 WA S i o B4 B B S ) AR AL B2 3 T8 SR BT IRk A 2
VLS 25 BIE AR BERL 2 ARG . Pinar 25 AW R ANB LB il % T MR A GPKRIRE R 45
FER A M 450 Pl 2508 1 405, PR R IR A YRR B RIS IR E ST (Area

under the plasma concentration-time curve over the last 24 h dosing interval, AUC, . ) {H b JFEARL 24535



84 W3k K 27 5 R CA SR R 52 O

ik 2. 09 A5 A 5. 51 4% . FRBH YRR Lo Rk 245G S8 4 ) AR R
3.5 REN

0K 70 RS R P S S Ay 290 A T 750 S AN B 0 T B AR L T O AR BN AR A R AT 31 L 25 R
T PR A WA 25 VR S . BR T R 24 e PRI A G i R 38 S 58 it DA R 6 45 L 3
T B B K T R R e %) A PR 2R F 5 5 5 0 R A R UL 1) A 28R PN 2 0 1 T 88 3 B W R )
B H AR R R BRILZ A X T 90 K TR B0 R 5 B2 SR A A7 I R PR 5 A T SR AR A ZUIR Y
WP, XTIl EA 24 2R Gkt 3R T RE S 2 20555 . X T Bk 45 24 R GOk Uk » 25 0 AE I A7 30 18] HH B SR 4 A
LUK AT RETE 45 24 e A B 2 1M A8 1 KRG

4 DEHER

ASSC AT VA AR 1l 26 20 K 1 700 L2 R S 3y AT 6 2 MR R T S SR A TR 3R K TR A [ 1 7
TE VL BRI B PN EA T 1 A . 2GR R R Y R AR B I Y B AR 2 R R R
DA R it R  RE 0 B A S8 A 2 O HE B VR T S S S A S i R v A T LA s 9K B T
N7 12 DRSO B R T 57 5 89375 JE SRR B0 B 2 77 S A LA R 3 15 AR A 1 0] 18R 40073 s X A K il 70 14
PO GRS B L B2 R A ARSNGB 1 AR AR RE PEDF TS S b AT T i . SRR
— Bl AR R R ZS MR D7 1 L RERS S E SR R XE AR S W R AR R B . B A T AR B i e 0K
VR A 25 FHRDRL-S5 E A 24 L 0T P8 o 4 X0 9 K AR 590 o R LS B e M PR 25 W 9 AR AT RE . H AR T
T e 10 e S L B2 TC AR AR SRR 2246 LA SR B 05 0 S X T R Z RO Ve 2 IR AR B = PRiB 165, B
VT HUBLLE AR B BB 731 XA B 25 TR A T B PR T e . BEE BFIE AN TR A BT 24
WL LA T2 AR BB RSG5 A B R 28 M X L 24 114 TR RS Oy B 24 U I E B2 BE 2 %

%z % X W

[1] KHATRI H, HUSSAIN M S, TYAGI S. Solubility enhancement techniques: an overview[ ] ]. World Journal of Pharmaceutical Re-
search, 2022, 11. 468-482.

(2] XA, G0k BRI 245 Y (032 IR RS e 2 o ML 9T (D). db e ZE LB, 2019.

[3] MENDOZA-MUNOZ N, URBAN-MORLAN Z, LEYVA-GOMEZ G, et al. Solid lipid nanoparticles: an approach to improve oral drug
delivery[J]. J Pharm Pharm Sci, 2021, 24: 509-532.

(4] RN, Z5%e=t, M, S5 RIBOR N R GOK BRSO IR SRR L) 1. IO 222 (A SRR RO, 2024, 37(1): 102-110.

[5] MUANKAEW C, LOFTSSON T. Cyclodextrin-based formulations: a non-invasive platform for targeted drug delivery[J]. Basic Clin
Pharmacol Toxicol, 2018, 122(1): 46-55.

(61 ERIFL. MR BB K] 8 078 52 F PRI BT D], I3 IR 2 . 2020.

(7] BOHRE. A7, ROCE, S5 gURBIRIm Bt R hEZEMERE, 2022, 24(2): 9-19.

[8] GUNER G, KANNAN M, BERRIOS M, et al. Use of bead mixtures as a novel process optimization approach to nanomilling of drug
suspensions[J]. Pharm Res, 2021, 38(7): 1279-1296.

[9] TFontana F, Figueiredo P, Zhang P, et al. Production of pure drug nanocrystals and nano co-crystals by confinement methods[ J]. Ad-
vanced Drug Delivery Reviews, 2018, 131. 3-21.

[10] Moschwitzer P J . Drug nanocrystals in the commercial pharmaceutical development process[ J]. International Journal of Pharmaceutics,
2013, 453(1): 142-156.

(110 Ty, WA BHEE ARG % BCS T 2825 40K il FWFFE (D], Wk . 2, 2018,

[12] HAGEDORN M. LIEBICH L, BOGERSHAUSEN A, et al. Rapid development of API nano-formulations from screening to production
combining dual centrifugation and wet agitator bead milling[J]. International Journal of Pharmaceutics, 2019, 565: 187-198.

[13] MALAMATARI M, TAYLOR K M G, MALAMATARIS S, et al. Pharmaceutical nanocrystals: Production by wet milling and applica-
tions[J]. Drug Discovery Today, 2018, 23(3): 534-547.

[147] LIJ, WANG Z, ZHANG H, et al. Progress in the development of stabilization strategies for nanocrystal preparations[ J]. Drug Deliv.,



55 6 10] BRI 25 R IE W A 28 2 K SR 0 B B PP 2 3 85

[16]
[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

2021, 28(1): 19-36.

GHOSH 1, SCHENCK D. BOSE S, et al. Optimization of formulation and process parameters for the production of nanosuspension by
wet media milling technique: effect of Vitamin E TPGS and nanocrystal particle size on oral absorption[J]. European Journal of Pharma-
ceutical Sciences : Official Journal of the European Federation for Pharmaceutical Sciences, 2012, 47(4); 718-728.

BURE , BRI, M/, 25, A Bt il & B ar s AR AT . U R o4 CL AR 0 5 2012, 36(5): 502-508.
BITTERLICH A, LAABS C, KRAUTSTRUNK I, et al. Process parameter dependent growth phenomena of naproxen nanosuspension
manufactured by wet media milling[J]. Eur ] Pharm Biopharm, 2015, 92: 171-179.

GUNER G, YILMAZ D, ESKIN D, et al. Effects of bead packing limit concentration on microhydrodynamics-based prediction of break-
age kinetics in wet stirred media milling[J]. Powder Technology, 2022, 403 117433.

EA . RN, R, AF. UK R BB EELT . P24 4, 2020, 39(8): 1100-1106.

LIUH Y, TAYLOR L S, EDGAR K J. The role of polymers in oral bioavailability enhancement; a review[ ] ]. Polymer, 2015, 77: 399-
415.

LI M, ALVAREZ P, ORBE P, et al. Multi-faceted characterization of wet-milled griseofulvin nanosuspensions for elucidation of aggrega-
tion state and stabilization mechanisms[J]. AAPS PharmSciTech, 2018, 19(4); 1789-1801.

MENG T T, L1 Y, MA S ], et al. Elaborating the crystal transformation referenced microhydrodynamic model and fracture mechanism
combined molecular modelling of irbesartan nanosuspensions formation in wet media milling[J]. International Journal of Pharmaceutics.,
2023, 632: 122562.

MEDAREVIC D, DJURIS J, IBRIC S, et al. Optimization of formulation and process parameters for the production of carvedilol nano-
suspension by wet media milling[ J]. International Journal of Pharmaceutics, 2018, 540(1/2): 150-161.

FUNAHASHI I, KONDO K, ITO Y, et al. Novel contamination-free wet milling technique using ice beads for poorly water-soluble
compounds[ J]. International Journal of Pharmaceutics, 2019, 563: 413-425.

TOZIOPOULOU F, MALAMATARI M., NIKOLAKAKIS I, et al. Production of aprepitant nanocrystals by wet media milling and sub-
sequent solidification[ J]. International Journal of Pharmaceutics, 2017, 533(2): 324-334.

GUNER G, ELASHRI S, MEHA] M, et al. An enthalpy-balance model for timewise evolution of temperature during wet stirred media
milling of drug suspensions[J]. Pharm Res, 2022, 39(9): 2065-2082.

LUO W C, OREILLY B A, KIM R, et al. Impact of formulation on the quality and stability of freeze-dried nanoparticles[J]. Eur J
Pharm Biopharm, 2021, 169: 256-267.

EUN ] B, MARUF A, DASP R, et al. a review of encapsulation of carotenoids using spray drying and freeze drying[]J]. Crit Rev Food
Sci Nutr, 2020, 60(21): 3547-3572.

JAKUBOWSKA E, LULEK J. The application of freeze-drying as a production method of drug nanocrystals and solid dispersions-a re-
view[ J]. Journal of Drug Delivery Science and Technology, 2021, 62; 102357.

IZUTSU K 1. Applications of freezing and freeze-drying in pharmaceutical formulations[J]. Adv Exp Med Biol, 2018, 1081: 371-383.
MUHOZA B, HUANG Y Y, URIHO A, et al. Spray-and freeze-drying of microcapsules prepared by complex coacervation method: a
review[J]. Food Hydrocolloids, 2023, 140: 108650.

MOHAMMADY M, MOHAMMADI Y, YOUSEFI G. Freeze-drying of pharmaceutical and nutraceutical nanoparticles: The effects of
formulation and technique parameters on nanoparticles characteristicsJ]. J Pharm Sci, 2020, 109(11): 3235-3247.

ELBRINK K, VAN H S, HOLM R, et al. Optimization of the different phases of the {reeze-drying process of solid lipid nanoparticles u-
sing experimental designs[J]. International Journal of Pharmaceutics, 2023, 635: 122717.

CHESHMEHNOOR P, BOLOURCHIAN N, ABDOLLAHIZAD E, et al. Particle size tailoring of quercetin nanosuspensions by wet
media milling technique: A study on processing and formulation parameters[J]. Iran ] Pharm Res, 2022, 21(1): e130626.

ZIAEE A, ALBADARIN A B. PADRELA L, et al. Spray drying of pharmaceuticals and biopharmaceuticals: Critical parameters and ex-
perimental process optimization approaches[]J]. European Journal of Pharmaceutical Sciences: Official Journal of the European Federation
for Pharmaceutical Sciences, 2019, 127 300-318.

OURANIDIS A, GKAMPELIS N, VARDAKA E, et al. Overcoming the solubility barrier of ibuprofen by the rational process design of
a nanocrystal formulation[ ] ]. Pharmaceutics, 2020, 12(10): 969.

SALAMA A H. Spray drying as an advantageous strategy for enhancing pharmaceuticals bioavailability[ J]. Drug Deliv Transl Res,
2020, 10(1). 1-12.

HUANG S Q, WU H, JIANG Z Y, et al. Water-based nanosuspensions: formulation, tribological property, lubrication mechanism, and



86

W3k K 27 5 R CA SR R 52 O

[39]

[40]

[41]
[42]

[43]

(48]

[49]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

applications[ ] ]. Journal of Manufacturing Processes, 2021, 71: 625-644.

NUCHUCHUA O, NEJADNIK M R, GOULOOZE S C, et al. Characterization of drug delivery particles produced by supercritical car-
bon dioxide technologies[ J]. The Journal of Supercritical Fluids, 2017, 128: 244-262.

B ME, SO0, BODRE, S MR TS BOR A VA 94K TR SR B B R P B S S (D ], P E B2 Tk 2k, 2022, 53
(09): 1251-1261.

WANG L, DU J, ZHOU Y, et al. Safety of nanosuspensions in drug delivery[J]. Nanomedicine, 2017, 13(2): 455-469.

URAL M S, DARTOIS E, MATHURIN ], et al. Quantification of drug loading in polymeric nanoparticles using AFM-IR technique: a
novel method to map and evaluate drug distribution in drug nanocarriers[J]. Analyst, 2022, 147(23): 5564-5578.

WANG Y T, LI H N, WANG L C, et al. Mucoadhesive nanocrystal-in-microspheres with high drug loading capacity for bioavailability
enhancement of silybin[J]. Colloids and Surfaces B: Biointerfaces, 2021, 198: 111461.

MR BAE . KFe. 5. GORZGMUSNE I E et e )], B2y, 2022, 41(11): 1615-1621.

LIUQ, MAIY P, GUXS, et al. A wet-milling method for the preparation of cilnidipine nanosuspension with enhanced dissolution and
oral bioavailability[J]. Journal of Drug Delivery Science and Technology, 2020, 55: 101371.

BERTRAM-RALPH E, AMARE M. Factors affecting drug absorption and distribution[J]. Anaesthesia &. Intensive Care Medicine,
2023, 24(4). 221-227.

PINAR S G, CANPINAR H, TAN C, et al. A new nanosuspension prepared with wet milling method for oral delivery of highly variable
drug Cyclosporine A: development, optimization and in vivo evaluation[J]. European Journal of Pharmaceutical Sciences : Official Jour-
nal of the European Federation for Pharmaceutical Sciences, 2022, 171: 106123.

GONZALEZ-GONZALEZ O, RAMIREZ 1 O, RAMIREZ B 1, et al. Drug stability: ICH versus accelerated predictive stability studies
[J]. Pharmaceutics, 2022, 14(11); 2324

HUYNH-BA K, MICHAEL D. Stability studies and testing of pharmaceuticals: an overview[J]. Lc Ge North America, 2020, 38: 325.

(TG X PRAR)

(425 55 170

CHEN H L., GUO Y P, LIU G. Conversion of chitosan and biomass fiber into recyclable superhydrophobic aerogel for efficient oil/water
separation through a facile and green approach[J]. Carbohydrate Polymers, 2024, 334. 122021.

XUE QW, WU W H, WU J Q, et al. Nano-Fe;0,/chitosan-based superhydrophobic coatings with magnetic oil-water separation and
photothermal conversion propertiesJ]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2024, 689: 133698.

YIN L, ZHOUM Q, SHI Y Q, et al. Construction of superhydrophobic flexible polyurethane with dual nano-enhancement effect for so-
lar-assisted high-viscosity oil cleanup and oil-water separation[J]. Applied Surface Science, 2024, 660 159971,

DONG Z H, QU N, JIANG Q S, et al. Preparation of polystyrene and silane-modified nano-silica superhydrophobic and superoleophilic
three-dimensional composite fiber membranes for efficient oil absorption and oil-water separation[]J]. Journal of Environmental Chemical
Engineering, 2024, 12 112690.

XUY., XUSM, LIUS L,et al. Ultralight, shapeable, and superhydrophobic polyacrylonitrile/ polybenzoxazine aerogel for high oil-wa-
ter separation capacity[ J]. Materials Today Chemistry, 2024, 38: 102058.

HE X T, LUJ H, LIU J X, et al. Superhydrophobic Co-MOF-based sponge for efficient oil-water separation utilizing photothermal effect
[J]. Journal of Hazardous Materials, 2024, 469: 134090.

ZHOU X Y., YU Q, LIY, etal. Durable superhydrophobic cotton fabrics based on fluorinated alternating copolymer and silica nanoparti-

cle: preparation and oil-water separation[]J]. European Polymer Journal, 2024, 211: 113029.

(BTG4 - B



