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Research progress on preparation technology of nanocrystal drugs
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Abstract: Nanocrystal drugs have many advantages, such as no carrier materials, easy industrialization, diver-
sified dosage forms, and can significantly improve the solubility and bioavailability of insoluble drugs, so many
drugs have been on the market. The traditional nanocrystal preparation technology has the problems of low prepara-
tion efficiency and process limitation of the smallest achievable particle size. With the progress of pharmaceutical
preparation technology, the preparation technology of nanocrystal drugs is constantly improving, and new prepara-
tion technologies are constantly emerging. The emergence of new technologies has greatly shortened the process
time and makes it possible to prepare nanocrystal drugs with smaller particle diameters. In this paper, the prepara-
tion technologies of nanocrystal drugs, especially the new preparation technologies such as high gravity controlled
precipitation, microfluidic reaction technology and various combination technologies, are reviewed from three
aspects: "Top-down" technology, "Bottom-up" technology and combination technology. This article also prospects
the development of new preparation technologies, hoping to provide reference for the related research of nano-
preparations.
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Table 1

homogenization; AIDS: Acquired immunodeficiency syndrome

Preparation methods of some nanocrystal drugs that have been put on the market. WMM: Wet media milling; HPH: High pressure

. Approved L Drug administration ~ Preparation
Drug (chemical name) Company name Indication
date route technology
Gris-PEG" (griseofulvin) BAUSCH 1975 Antifungal Oral Precipitation
Cesamet” (nabilone) Eli Lilly 1985 Antiemetic Oral Precipitation
Naprelan” (naproxen Elan Pharmaceuticals 1996 Anti-inflammatory Oral WMM
sodium)
Verelan” PM (verapamil) Elan Pharmaceutical Research Corp. 1998 Antiarrhythmic Oral WMM
Rapamune® (sirolimus) Wyeth-Ayerst Research 1999 Immunosuppressive Oral WMM
Emend” (aprepitant) Merck 2003 Antiemetic Oral WMM
Tricor” (fenofibrate) Abbott Laboratories 2004 Hypercholesterolemia Oral WMM
Megace” ES (megestrol Par Pharmaceutical Inc. 2005 Appetite stimulant Oral WMM
acetate)
Triglide® (fenofibrate) Skye Pharma, Inc. 2005 Hypercholesterolemia Oral HPH
Invega Sustenna” Janssen Pharmaceuticals, Inc. 2009 Antidepressant Injection HPH
(paliperidone palmitate)
Aristada” (aripiprazole Alkermes, Inc. 2015 Anti-schizophrenia Injection HPH
lauroxil)
Anjeso” (meloxicam) Baudax Bio Inc. 2020 Postoperative analgesia Injection WMM
Cabenuva® (cabotegravir ViiV Healthcare Company 2021 AIDS Injection WMM

and rilpivirine)
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Figure 1 Schematic diagram of the wet media milling method
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the outlet for the precipitated product
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Figure 5 Schematic diagram of the microfluidic reaction technology

B, AR N TR BN e, iR B 45 S, TR
VR A T I DA v SRR S NS N o AE TR R
A A TSR AH LR, A R ) 2 N A B ) 2R
NRORCRLAR IR /NC Y O T AR BT R RE O AR
i T R b v B R AR IR BE, PR A B A N E
A2t N HEE B RN 3N TR N 8 2 T
RH R G, A2 TR R AR R L B AR A (<
1s), Hiah N R, RE RIFERICIRE . RBEE N
TR (1) VR A 5 55 BU SR #8 TiT B VR A 5 i — N E
o BRI S L HE A fe R IR £ 72 i % 3 8 A RN LA
WA =GR ik, IF B0 RIS A —, (H R
TEATY SR AT AT e 5 VH FE X FIE % ) 3% FE B AT . Agha-
jani SEPURI N T4 280 ) 4% A, iff 0 A R R A
i~ VLTSI, T S R AT TR v I, AR I K
IR 2 23 48 20 (polydispersity index, PDI) % o
i T MRS TR AT Sk 7 Wk 3 TRUSURT BT 6 AR At
TTCTEEGNK i 250 AT SR F AU B LB A 1) 4%

2.6 FIRBRW &R B =%/ CO, MR E FIHIR
Bl S 27 AR 1) CO, 4 Bh € A2 2016 4F B Han 25042 H
) — bR AL 27 8= A2 ) AR R B RN 2 Mk A%
M7 BEVEAN TR AR TR IR 0 BE B A\ V45, PR AE T
BT . HAERNMHANIER S ARG E H] — 2%
FE S T /K B 240, AR 5 W T T B 7% R T IR A B IR
FH, 55 IMNBR IR 31 /K VR, W UR A R S W7 R A
B CO, S, BT A= i) CO, v e R s o Vi & 1
T A 5 77 [7) B WS B 76 24 10 ) i /K 3 T8I, R B8 41 1) 40 0K
A (SRR, S 9K B . Wang S M 233K
R 78 R R VA R E A HLIE 71 v, e 28 R 11845 3 1R
Ao FERRAH HHOIN N TR IR 5 75 W, 15 FRLAE 2T 100 nm (1)
LW RYPUKREIF . Wang ZF1F F LS 4 T R
302.8 + 2.0 nm (1) fih 50 55 7 4K B 77 - Kathpalia 55"
I, 5 R S FRTUE V5 1) % B 7 b A L, FH kb2 )
7% I atovaquone 44 K B 7 I I 2 WD R0 AR BE /N, AR FE

Outlet

Collection
room
@ Cooling
chamber

[
[

Microreactor

BK.
3 HAERAR
3.1 Nanoedge I ARFIH69 AR Nanoedge i K&t
VEVE AR R 8 TR A i R R I A R, 72 Baxter
T 2003 FFHEH B E AN T AR B MHE A .
BRI e 25 AR A HLIE R b, B S K I R
B, PR N AE 7K 7 I AR FE ARG T TR B F s 2 B
To 8 BVTVE, 2 J5 ¥4 T8 BB DT0E R A e He 35 ok 55 v
R o7 A 1 5 45 o TR B0 I AR E B S5 A 1%
ARAE— € R BE E BB M8 TR IO VR A5 B 40 oK 1
PEIR) R, JF 2508 & e B BRL BERC N RROR o v TR
Ih T ) £ R A2 295 300 nm 53 5Pk AR N
100~200 nm [¥) 75 P 5 2 B* k42 4 200 £ 4 nm [ Bk
W TEESFIRLAR 9 173.21 + 0.9 nm HIHi Fz U055 g0 K
TR .

TEFLAETE LR, Nanoedge /7 ¥25 P T 3E Al iy He 2 5
A BB 2 R] [ I [R] S AT RE A, DASRAS BE /N REAR () 9 oK
mn, WU ELEAE S BOL T B X N 47 UTTE . Mueller
R W H69 43R AT DL S 7E Tl TIE B L
K i P [R] B A v T 20 5 ) 2 A 4 T 2 W ki
R SN 29V SR AE TS R, ARG 5K I RO R
B, PR AR B s B 2 7= AR e, U T B R AR 7E 35 5
ML R R IX, 25 A0 AT BT 1) 77 52 BIAE T 387 B 2454
WORL, AR I, Li 2R H He9 i R i1 T g
FABERACK AR, TR B, 5 8 S RS A L,
A HRTT DU 25 48 = kAR /N % . Sinha S5 F
FH H69 B A 4% 7 K42 N 304 nm [ A ¥ 25 9h K ik
H69 T. 2 B % i) 15 51 58 & 33 51 Jo 4277 11 100 nm
DA 4k SR 2540, Moschwitzer 27| H69 Fi AR
)4 7 RLAE A 22 nm (/NI GK
3.2 H42E AR 20054 Pharmasol 23 & ¥4 155 & -1 1
i He 281 00 PR Bl e AR AE 45 6 T 9K SR A 245 P 1) )
%, BN HA2 HEHR . Sosnik £ % B, W5 % T4 5



I BHAR: 9K S A 25 W 2 R BE 7 2k g - 1907 -

R0 245 0 Ky 2R B A AN (] TR 42 B A L EE BN
iR Z AL, IXAE—E PR L IRK T S B R
PR AR L RS . AN, W5 TR RS B R K
BAHEL s, Hid B & Efefeid i T2,
Bt ARG A A, & & Kt E A 2454 . HEfE %
FR5E 55 T MR 4 R 28 2y 3 BU™ b AE T 8 3 BE TP K 401 2K
AE A /NS = N o Lin 00 (227915
A P b A i TR 2SR A HA2 A 5 VR AT Ab B, K
BUZH A H AR IS 90K R AR 558 e R 38 Sk /s 17—
o Gao SR I, W 55 4R S T R S A T A 1E
1 500 bar 3T — IR SIUAEIE BT A3 I 23R AE /N T
81 FH IS V2 647 20 IRAG 3 5 BT AR 2500 IR kA%, HA2 £
A RIS RSORE RST sk /N It 75 1) e FE B A1

33 H96 AR Moschwitzer %2006 4F H1i T H
H96 1. 2l £ P M 55 32 B 9K IR BRI & 1, il 15
P R &KL AR N 62 nme HO6 A A K VA 5 Tk ik
R E¥ ARG A MEARY . WRE TR R34
WHR: R L — IR (UKTHAE) T kT4 (AN A
FrEK) e StV B 5 259 () e Lo 3k T 2
RAEARAK, T o 2 5T g AA 2 S, TRt 2 g,
TERRE RN P 25 7y B B34 5) . Ma Z5P9H
14 B 7 S84 (scanning electron mocroscope, SEM)
L5 30V U5 T 5 5 1R 24 il 2 TR A S ol W 1 B IR T
Ao ZIWIX e BEE J5  COAE h f RE B AR R BRI
B[R] A = /N RLAR 25 P A T 26T, Hu 5600 F) H
H96 52 A il 45 7 Ri4e A 162 nm (1% 8 5 90K B0
Salazar Z55 UK F1) A JIR A B AL 2454, AR B T &0 Ve 1R

T 45 T Ak 3 25 0 AR AR /N S8R L AR 8 b HE ) 245
P, HO6 B BEWE HIh B FH T A 7= /N KL AR 1 4K
R 259 o
34 BEZEBARBIFEZE HAEUILEER
B RRAAR, HLE 7S I B o O A O AT
2 R, A2 FL IR I 9K SR AR 25 K 3 S B,
H 5 R FNDTGE AR 45 A aT B IR d i 25 ik 35 5)
Mo P YRR R VA I DUIE VR I, R R
AR, 2 TE GUR MY B s it . 7E B i 1 48
B B, T I B A VR 2 R R D VR TR iR, R
TR 1) 6 2 R K 1) e o R, T A8 9 7R R B 9 7 1)
TR Y B, (7 AT 5 A ) b o U A 2 5 SOOI A e, A5
RLIE LA N s Tge S50 T S 56 % B, 68 7 I JE)
10 min A2 7] LA /N JBURL RS 5 B 1 it s 2B KR 5% 1
BT IA] o Zhang S5 PY7E A A8 FH 2 THI TG P 77 (0 155 o
N, R R SO T IR R & T B 6N H
R 58 I = BB 40 K & o Sharma 2505 B 75 e 06 1f
DUE L) 2% (1) 5 KD I G K IR Bl R AR 1 — P B AIK
35%, 7t 7 SO TR T E VR B O T k5 R AR R 209 +
9 nm [ J& Ff P R A2 A 339 nm (138 3% i B AR
B9 175 nm [P0 S GKIR B

FT UL ERTIR, K250 H T — g K & 18 A
2 TT AR R
4 ZHIEMRE

H Al 4 KR SCIRIRIE 7 90K i 2 1e L
1) FH FEE 1 03 g TR R R R SR, 8 K AR A A 1
Zipiik REEAE R R T SRR

Table 2  Characteristics of some new preparation technologies. HGCP: High gravity controlled precipitation; MIVM: Multi-inlet vortex

mixer; CCDF: Controlling crystallization during freeze-drying; MRT: Microfluidic reaction technology

New preparation technology
Advantage
of nanocrystals

Disadvantage

Laser ablation and crushing
technology

HGCP

MIVM

CCDF
MRT

CO, assisted precipitation
produced by acid-base reaction
Nanoedge

H69

H42

H96

Without the participation of organic solvents

Low cost, high productivity, no need for stabilizer to
control particle size

Efficient mixing in a small mixing chamber in a very
short time

Improve the dissolution behavior of lipophilic drugs
It is easy to expand the production scale and the
particle size of the product is small

The operation is simple and the cost is low

Improve particle size reduction effectiveness

Nanocrystal drugs with small particle size can be
prepared

The number of intermediates is relatively reduced, the

operation time is short

It can eliminate the influence of organic solvents and is
suitable for processing heat-resistant or expensive drugs

May cause oxidative degradation and loss of
crystallinity of a small number of drugs
Equipment is not widely available

It is difficult to expand the scale, and the suspension
cannot be recovered

Long processing time

Susceptibility of clogging

It is difficult to control the particle size of drugs

It has the pollution of organic solvent, the process is
complex and expensive
There are residues of organic solvents in the product

Not suitable for non-heat-resistant drugs, high
temperature may affect the performance of drugs
The equipment is expensive and the cost is high
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