#j5% 4Rk Acta Pharmaceutica Sinica 2021, 56(12): 3431 3440 + 3431 -

PR G R BR R B R KA M IR F I A SR it R

XERE, ZRIE, KT
CORHEER A0 T 5B, K 300350)

TEEE: i R /K M 85 1 24 00 V5 AR FEE AR T 5 B0 10 R VAT U 0 DK R A 47 ) P S8 A1 9 1 B, 0 SR AR 4 T T i Ak
I B TR A L BV PRI LA S 2 R A S B 5, L, 2R R R DL 4 TR R R
2y it ey HL 20 T IR N L) & OE B 2 Pl 4 250 AR IR 70 B S5 A T 4% 32 067 . AR SUAM 48 T T bottom-up Fl top-down
AR AR HEVE LI R A 10 725, DA B T R oK q A T e R A 751 1 7R RO IR ) A R B ) i, AR T
TR ) T 22 11 R v S R 8 RN S AR R 24 R AE AR BN ) 2 R I L A ) 1 5 D THAE 6 T R 24 B B
AR, IR T AN ENLR . B, K25 ANK S AR B SR RIATE 70 5 7 b A 5 T A 7 1D ) RRRD 8 i A iR AT
TR, LA i B 240 ) 551 i A4 B A PRI R AL

KRR ACEVEVEZG Y, ZIMAK S, ZRE) D15 2, ARk

h & 43S R943 HEAFRIRAD: A X EHS: 0513-4870(2021)12-3431-10

Advances in nanocrystal technology and its application to improve
the pharmacological efficacy for poorly-water soluble drugs
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Abstract: In order to solve the problems of erratic drug absorption and low bioavailability after oral adminis-
tration for poorly-water soluble drugs due to low solubility, a series of novel pharmaceutical dosage forms as solid
dispersion, liposome, microemulsion, vesicle, cyclodextrin inclusion complexes and drug nanocrystal have been
developed in recent years. Among which drug nanocrystal attracts more attentions for its simpler preparation
method, higher drug loading and easier manufacturing technology in the design of dosage forms suitable for different
administration routes. In this paper, the nanocrystals of the poorly-water soluble drugs prepared based on bottom-
up and top-down technologies were introduced. The characteristics and applications of the nanocrystal-based dos-
age forms as suspension, tablet and capsule were also introduced and carefully evaluated with the focus on their
pharmacokinetics, pharmacodynamics and tissue targeted drug distribution after delivery by oral administration,
intravenous injection and pulmonary inhalation. The advantages of drug nanocrystals in their therapeutics effects
over the bulk drugs were discussed together with the inherent mechanism. Finally, the problems existing in basic
research and scaled-up manufacture of drug nanocrystal as well as the possible ways of solution were listed out so
as to make the nanocrystal-based preparations exert their maximum therapeutic effect after clinical application.
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Table 1 Advantages and disadvantages of top-down and bottom-up technology in the preparation of drug nanocrystals

Technology Advantage Disadvantage
Top-down Simpler operation; High energy consumption;
no organic solvents involved; high equipment cost;
easy to scale up to industrial production pollution due to damage of grinding media
Bottom-up Lower preparation cost; Residue of organic solvents and the potential toxicity;
smaller average particle size hard to scale up to industrial production
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Figure 3 Schematic illustration on the structure and working mechanism of stirring ball mill in preparation of drug nanocrystals
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Figure 4 Schematic illustration on the preparation of drug nano-

crystals by anti-solvent precipitation method
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Table 2 The types of combinative technology and their application in the preparation of drug nanocrystals

Combinative

Particle size

Method Drug Pharmacological activity Ref.
technology /nm
Nanoedge™ Microprecipitation-HPH Itraconazole Antifungal 268.1+6.5 [28]
Nanoedge™  Microprecipitation-HPH ~Genkwanin Antitumor 183.1 £ 4.4 [29]
Nanoedge™ Microprecipitation-HPH ~ Avanafil Phosphodiesterase enzyme type 5 inhibitor 1289 +6.9 [30]
Nanoedge™ Microprecipitation-HPH ~Olmesartan medoxomil AT1 subtype angiotensin II receptor antagonist 140+ 10 [31]
Nanoedge™ Microprecipitation-HPH Nevirapine Nonnucleoside reverse transcriptase inhibitor 298.8+8.3 [32]
Nanoedge™ Microprecipitation-HPH ~Amphotericin B Antibacterial 99.59+23.16 [33]
Nanoedge™ Microprecipitation-HPH  Hydrocortisone acetate (HCA) Anti-inflammatory 281+7 [34]
H42 Spray drying-HPH Resveratrol Antioxidant and anti-inflammatory 19 [35]
H42 Spray drying-HPH Glibenclamide tablets Hypoglycemic 236 [36]
H69 Caviprecipitation-HPH  Ursodeoxycholic acid Hepatic protector 372 [37]
H69 Caviprecipitation-HPH  Resveratrol Antioxidant and anti-inflammatory 167 [38]
H69 Caviprecipitation-HPH  Ibuprofen Anti-inflammatory 304 [39]
H96 Freezy drying-HPH Aprepitant Inhibitor of CYP3A4 35.82 [40]
SmartCrystals” Media milling-HPH Rivaroxaban Xa inhibitor 551 [41]
SmartCrystals® Media milling-HPH Quercetin Antioxidant 220 [42]
SmartCrystals® Media milling-HPH Apigenin Antiviral, anti-oxidant, 264+ 5 [43]
Anti-inflammatory,

ARTecrystal” ART MICCRA-HPH Rutin Antioxidant 650 [44]
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Figure 5 Schematic illustration on the stabilizing mechanism of
different stabilizers to prevent the agglomeration of drug nanocrys-

tals either by single or by combined use
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23 W) 7% =6 Hi P 1) 97 20, Shegokar ZEPVH| 44 T R 42 N
457 nm VR BT, LA BE 2 25038 0% &8 5 Bl B I
Yeit) g B ERAH A . GUKIR BN SR A Tk 4 24
Je, O B IR R 2 R i R R AUC,, , R
AR T 1. AE LW 8 5 Tk G 1) JHF A 0 i i
o, KR B 5V ORI AUC,,, , EUAE BE &, 43 901
& 177 F14.220 BRIV A2, 78 [FRE 5 T GL 1) it 38, P4
AL ELAE AN 0.62, JLE5 RULH, 299K S iR & i
Y S B A 1k ) it

TFF A R ME ¥ (2-methoxyestradiol, 2-ME) 1] 7K
TEPEAR, FF e oK, AIE S RS 25 Shen 551
K FH 9 K POUE BK - v R 75 B2 R (nanoprecipitation +
high-frequency ultrasonication technique) fill % T k4% N
168.4 nm [{)7R 277, I LAV HUN N 2 L5 52 1 i ke
SRR BRAR N 25 o A e itk . 45 RER W, KR &
TSR B, Z9WAE O T B S AR R 1 2 A #
SR/ T A I S PR 43 A A B S G LA

H—, 2-ME 2 ZFEM—Fp ]IRTERE Y . BT il
HME TR A2 AR, T 2-ME 5 M TR 2 AR e SR
7y, B, 5HR AR /NG K, BN 168.4 nm )
245 A AE 0L AR A1 AR IS T DA BE IR P B 2R B IR
A5 A mg . A AN, G0 S 2-ME 92K TR B 1 R
25302, AR 457 nm A2 A, B, 28 K St
SR 2, RIS FOT v RV RE IR S R0 7 2 2 BRI, A
X 396 o A8 T < R AT bk £ 2L 4 s 4 i k22 k2 5 I 1
iz, Mk i 2B B 25 & 5B L, 98
DK VR 2 VR AELAE it 24 DU B T e 1) S — A R,
TR 2% UL 4> F (unimolecular) 5 iy 32 /i, 1 44
KIBEW 259 LA £ 43T (multiple molecules) 5 fifi
A i, Ao 2 E K, AH LR 2 o Ak,
YK B I i, AR BIFR E FIEH, i RE
PRI R i 5k 71, 5 &AL — e AR T2
W T BOR I

Hu S8 2 7 3 FpAS [RDRLAZ I 5 R 22 38 3R (CA)
YUK AR, 5582 T 24 AE I SRR P, A I R R
R 5ME YN C M AUC, #H X FR. BiieN
123.7 nm i}, AUC,, A 20 400 pg-h-mL"', 43 5l i 4%
566.2 111 120 nm [ 1.58 5 F1 7.6 fi5, X JH I T/ Ri42
YR K b A TR 245 0 W AR R vy B AAE I S 1) 9 B I ) B
Ko CARZHERMTTEAY, FACNZ R G A fe
RIFL . WERARPEIK, HCARNMAZ RN ED
FRAEIE N, RiAE M 1 120 nm 3] 566.2 nm, F 2] 123.7 nm,
FH CA 0K (1) 2 3 & 1) AUC, 18 5 51 N 78.5.560 Al
1 980 pg-h-mL" i 3 — 25 450 B W & B, KA A4k 3

B CA M NEH RN (AUC,, i to AUC,) H
TR ZESR . AKX 123.7 nm ) 566.2 nm, F-F|
1 120 nm, FH S AL 2555018 9.7%4.35% H112.94%
XTI, A ERRHENN R, A BRI CA A et il 2
BEER . KRN 123.7 nm 2590 AR, VA R N 24 0K,
WA AP Ee ) B R e A =, B CA B R Z B R
AR .

KNS 25PN K b A 28 5 Rk 5 5 7R 2 4%
B /LU I E ) w4, SRR T A R s A S5
55 WU 2 21 43 1 A B 2 B B AR 1 A AR A 45
Fo WERRAN KRG FEE BRI E 4 400
5 5 BLAR IO AORE 2 VB AN IR I S ) e e, BT DA I 2547
(4 AR ik, SRT, BR T 2-MEXFENEA 2 A
S L T B At 2% B /AL I LR R AR 2 Y,
FL A48 K o A AR S I 24 ) 1) 3 B 4 e i ok, T R
W B AN B 2 A B ) B R A 7R LR T, A BhEC AR 1)
SR SHIL 2 (L ) 3 16102
53 ETHRBAMAYERREA Z2004E
FLA TR B O, i sl AT P 28 A FE b s, A L)
7R ER YT o BT 99K R TT Kk BT L 25 W R,
P26 24 = fie A2 IV A PR AL 7 TR i 4 24 ) RE
K 25 WA ML R G PRI 18] WILP B8R R 9 B RE E 4
2R A IR [R) S R 5 i O 2 IR B o TR I, 4K A
LI 25 R R b et R T 5 L

FARA YT (simvastatin, Sim) B8 {8 1 3% - = R
JHE EE (TC) AH i =5 (TG) /K FFEAK, Bhak, iEfEH
e LV s 5 B g 25 1 (HDIL) ZKF, 3 A ) sk s
Ik & 200 A e r R e, s L e K LR (R,
e ARt 38 P e R[] K o DR e S AR YT R T
X, Chavhan 55 A 3 0F BE VA 45 1 < AR AR T I 44
KH (Sim-NS), K142 K 250.8 nm; ILAh, & I # Il A7
IRPTIA LR & T HA0 (Sim-SAS), $i%4 16.54 um;
JFELRL R (PD) RLAR N 71.3 um.  FH & AR A RE IR 9 K
B, A I R TC A TG T i, TR S AR A T 3k
1TIR97 . ESLT RIEHF G, X TC X —Fix, Sim-NS 41
F#MK T 23.05%, Sim-SAS #1 [#{K T 8.11%, PD 41 4
K7 2.39%. X TGIX—5¥5, 55 4 KIS, Sim-NS ZH [
IRIE LR 7.5%, B& & T PD4. T+ I HDL
K, 514 R 45 R R, Sim-NS A TH & T 6.7%,
Sim-SAS AT+ 1 6.7%, i PD AT+ 3.7%. A%t
TTYKAL G B 45 R A HE AR, 251080 2 B,
Sim-NS #1 /] AUC, N 58.42 ng-h-mL", Sim-SAS 414
33.5 ng-h-mL", 1] PD 201X 21.469 ng-h-mL", 44K {1k &b
MG HAYRHERE T 17, X4 RE TR w
I 3, M Sim-NS #| Sim-SAS H1 PD, Xt 87 (1) 75 il J&
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43l 1.835.0.614 F10.548 mg-mL™".

IKHMEVE 25 B AR, H T R R O S (R g T
FOHALTE R, B3t T 1 ReA 245 J5 AH LR 25 4R3 77 5 A0
250 T HANIR R LG, 9K AR R AR AT
DI I AH S 1K) 77 A s ARy o K22 58 (midazolam,
MDZ) #&— P 245, (H KV 22 BRI 7 R, Zhang
SOV I B R A T WK 22 58 4R A, LAV S 1
PGB R 3 B, WK 22 7 4 K VR B 4L (MDZ/NCs)
)2 H0A RGR (EDy,) 1 0.017 mg-kg™, T 4L % W
41 (MDZ/S) 11 ED,, U4 0.43 mg-kg”', KR 24 B
7 S R 2 8 R

K HEHE ZIH A AR (P ) 2% 5 S R SR B
#, AR AT 78 7R TE IR E IR 2 B IR 0 R, B
TEA SR IR 70, 308 3 o] o S 56 ¥ vF BoR F AT 4 FE 1Y
it B X — 77 B A B 4 I PR AR

W IE 250 9K i s 1 IR FH 24 B 25 K800 7 5 R 25 3L
S, H UL ERLZGES I, 1B H M40 2, 29l
oK s B TR A R L, AR AR R B TR . TT LA
R W R 250 AR BRLAR B — 2P BRI, 25l ek
e NPT AR S 37 DL U M B EL 22 90T
WrAa bz, 2390 ah A eI (A% R e /N RLAR 2 22 /02

IR SRR K S 1 254K3) ) A 2
RS, BT I 2 B — R N, 15 B 2R
25 AN K i R B SR, MO E PR FE R v 9T
ROE 4T o AT A AR: dn SR 250 i Mk ) kA% T — 2D 4
K, AT (R R M e SOH R 2R3 )1 5 A2y 3 5y
RERERIM? L2700 B AR N Fa A,
KT S 45 2 6, 2400 it A IR P AR BIR e KR A A
Z /7 [RIRE I SE 1) 138 A T B 0 IR 3 45 24 LA
HoAthgs 251145
6 HES5RE

SR 9K AR B AR K VS 2 IR R, O
T T fff Ik 2 2454 1 IR BSOS 5 4 A0 A= PR FEAIG 11
v R, £ BE IR FCAUE T R D7 T S A e T L
A NBEEM SR . R, HF 2] 71X — 0 AR AT 7
(1 5% HE TR o BT, T K R AR T R T IR 2 8
HIENR>, B F TR HIBRAE E K. TR R, T AR
B e 1B P P ARG I — PP 245 2 1) 7] 1) A L T, % 245
YA b R AR B 8 AR B LR 5 %, 9K
290 A 0 B ST B 2 AR KRR FRAR G BT R IR
(1 gk FEE 8 v, S a3 T A2 33 24 R AU R 50 A R
FE o R, B4R 3 R4 BRI 1) R 2%, e T 2 AL
R R ) & BRAE B S AT, DA R A 1 R B AL R
W%, DLIRAFRLAR BE /N 1 2 90 oK s 1 %o M A
ITERA VR FLIR, 558 D IReA 245 LA i) Fo At 42 R

J& 25 AR N s AT R N, SR AL 2 gk
EiAA (hybrid drug nanocrystal) £ K, i Bl 9% Y6 7R 5+
AWML k2 24 5 29 G A Bl 15 18 m] LAxS
25 AR AT R B IR BCR H RS g T B2, LK
TRZG W) AE A N B A B S B0 B B 1 2EL 2R A 1) 1 Sy
Ay d5eJa, BT 294 ) BEAR I BT AN B AR R Y R R A AE
& 48 V55 25 TR B R 2 A6, SR BB AL (1) 55 55 44 VR T 5
ST Y TR R N R B R R EAT [ 4k T4, B4
PR BE B2 P s M, DA 2 AN [R] 570 28 i) 75 22

VAR5 I, 25949 K G A 2 i 70 77 il O i AR
T — AN RS IO, 10 75 EEAR IS B AR 5000 IRR A, K
FELITN S TAERE I 25 AR IR AR 2% TAE# SR IR
& A P38 236 A, vk IR & v Re O B 60 7 dn, A
R 5 K P2 LI PRI R

e STk: XIme s £ B SR B S BRI 2] i
2B SR SCBERR SRR B AN SR T 3 ZE A SR ST
BBRE BEURIE,

FIZESE: AR RAL A 28 705
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