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Research Progress of Preparation and Characterization of Nanosuspensions for Injection

GU Yan, HE Jun*, BIAN Wei, YANG Yani, NI Meiping
(National Pharmaceutical Engineering and Research Center, China State Institute of Pharmaceutical Industry, Shanghai 201203

ABSTRACT: Nanosuspension technology can be used to enhance the solubility and dissolution of poorly soluble
drugs. And nanosuspensions can be administered via various routes. Adverse reactions and injection site pain of the
nanosuspensions for injection can be reduced due to its high drug loading and small dose volume. This paper describes
the preparation methods and characterization of the nanosuspensions for injection. The “top-down” technology (such as
milling method and high pressure homogenization) and “bottom-up” technology (such as precipitation, emulsification,
etc.) as well as the combination of these two technologies are reviewed. Moreover, the effects of type and concentration
of stabilizers in nanosuspensions are briefly introduced.

Key Words: poorly soluble drug; nanosuspension; injection administration; preparation method; characterization;

stability; review

40
70 90 (=4

[51

2015-11-02
(1989—)
(nanosuspensions)
Tel 021-20572000%3076
E-mail yan.gul00@163.com
(1976—)

Tel 021-20572000x3074
E-mail chinaynhe@163.com


www.willnano.cn
www.willnano.cn

Chinese Journal of Pharmaceuticals 2016, 47(4) - 472 -

500 nm
15d
[e]
[14]
2
[7.8]
“c >?  (top-down)
[]
[10] <« *”  (bottom-up)
1
2.1
“c 7z (Nanocrystal®
10 1000 nm Elan )
[15]
Leng
(1 041+6)nm(A)  (505+9)nm(B)
[11] 2
Beagle 1 A
( <200 nm) B 6 10d A
AUC c.. B 2 1.8
[16]
pH
tl/2
Cmax [17]
AUC L2
[13]
[18]

2.2


www.willnano.cn
www.willnano.cn
www.willnano.cn

- 473 -

“Y,, “Z,,

[17]

(Dissocube™) (Nanopure™)
(Skypharma ) Dissocubes™
Nanopure” L3l
Gao
[19]
2.3
(S)
(NS)
Ostwald
[20.21]
Aditya B-

[22]

Chinese Journal of Pharmaceuticals 2016, 47(4)

2.4 ( )
o/
w
[24]
(SLB)
SLB
AUC  (57.12£3.20)  (34.92+
0.98)ug-h-ml™ (t,))  (6.14£0.42)
(3.05+0.06)h
2.5
(RESS)
(RESOLV)
(SAS)P1
Pathak RESOLV Cco,


www.willnano.cn
www.willnano.cn

Chinese Journal of Pharmaceuticals 2016, 47(4)

(PVP)
( )
G,-M
70 50
[25]
2.6
(spray freezing into liquid
process SFL)
( )
[20]
Hu SFL
100 nm
2 min SFL
95 30 B4
2.7
Baxter Nanoedge
Chen
[271
(184+80)nm
3
5 mg/ml 8
PharmaSol SmartCrystal

H9

C

max

6 H42

Auchk
236 nm

611

Whitney

3.2

Ostwald-Freundlich

(PDI)

Ostwald

20 mV

[8]
[29]

Salazar

[32]

PDI

Gora
( H6

H42

772 nm

Kelvin

[33]

0.1
PDI

- 474 -

)

Noyes-

l pm

0.25

30 mV


www.willnano.cn
www.willnano.cn

- 475 - Chinese Journal of Pharmaceuticals 2016, 47(4)
[37.38]
(; [39]
X Hong C
(XRD) (DSC) XRD 1401
DSC XRD L (HPMC) E3
E(TPGS) -B- (HP-
Tu B-CD)] L
DSC 34.56 (SLS) 188(P188)]
207.11
XRD ¢
DSC
[34]1
33
g
HP-B-CD
TPGS
Liu HP-B-CD HP-B-CD  TPGS
(DDB- Qe D 2 05
NSP) 0.05
208nm DDB-NSP AUC 17.18 B ¢
4 3 4
6
1 4 6
5
Tween
[36]
Supergen (Busulfan)
(CMCOC) NewBiotics

thymectacin(Theralux)
(TNF)-a

Cytokine Pharmasciences

guanylhydrazone

(Semapimod) (24


www.willnano.cn
www.willnano.cn

Chinese Journal of Pharmaceuticals 2016, 47(4)

[1]

[2]

[3]

[4]

[5]

[6]

[7]

170 nm
[42]

0.22 ym

[43]

[44,45]

Miyako Y, Khalef N, Matsuzaki K, et al. Solubility
enhancement of hydrophobic compounds by cosolvents: Role
of solute hydrophobicity on the solubilization effect [J]. /nt J
Pharm, 2010, 393(1-2): 48—54.
Shah M, Shah V, Ghosh A, et al. Molecular inclusion
complexes of B-cyclodextrin derivatives enhance aqueous
solubility and cellular internalization of paclitaxel:
preformulation and in vitro assessments [J]. J Pharm
Pharmacol, 2015, 2(2): 8—25.
Vo CL, Park C, Lee BJ. Current trends and future
perspectives of solid dispersions containing poorly water-
soluble drugs [J]. Eur J Pharm Biopharm, 2013, 85(3 Pt B):
799—3813.
Parveen R, Ahmad FJ, Iqbal Z, et al. Solid lipid nanoparticles
of anticancer drug andrographolide: formulation, in vitro
and in vivo studies [J]. Drug Dev Ind Pharm, 2014, 40(9):
1206—1212.
1 ,2011, 19(5): 439—442.

1. , 2005,
26(10): 464—467.
Junyaprasert VB, Morakul B. Nanocrystals for enhancement

of oral bioavailability of poorly water-soluble drugs [J].

[8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

- 476 -

Asian J Pharm Sci, 2015, 10(1): 13—23.
Baek IH, Kim JS, Ha ES, et al. Dissolution and oral
absorption of pranlukast nanosuspensions stabilized by
hydroxypropylmethyl cellulose [J]. Int J Biol Macromol,
2014, 67: 53—57.
Ali J, Fazil M, Qumbar M, et al. Colloidal drug delivery
system: amplify the ocular delivery [J]. Drug Deliv, 2016,
23(3): 710—726.
Zhang Y, Zhang J. Preparation of budesonide
nanosuspensions for pulmonary delivery: Characterization,
in vitro release and in vivo lung distribution studies [J]. Artif
Cells Nanomed Biotechnol, 2016, 44(1): 285—289.

. ,2010, 34(6): 264—271.
Gao L, Liu G, Ma J, et al. Drug nanocrystals: In vivo
performances [J]. J Controlled Release, 2012, 160(3):
418—430.
Moschwitzer JP. Drug nanocrystals in the commercial
pharmaceutical development process [J]. Int J Pharm, 2013,
453(1): 142—156.

s s> >

[C]/ 2011 11
L2011 11
,2011.
1. ,2013, 24(4): 358—361.

Leng D, Chen H, Li G, ef al. Development and comparison
of intramuscularly long-acting paliperidone palmitate
nanosuspensions with different particle size [J]. Int J Pharm,
2014, 472(1-2): 380—385.

1 ,2014,29(1): 87—90.
Merisko-Liversidge E, Liversidge GG. Nanosizing for oral
and parenteral drug delivery: a perspective on formulating
poorly-water soluble compounds using wet media milling
technology [J]. Adv Drug Deliv Rev, 2011, 63(6): 427—
440.

Gao Y, Li Z, Sun M, et al. Preparation and characterization of
intravenously injectable curcumin nanosuspension [J]. Drug
Deliv, 2011, 18(2): 131—142.

Sinha B, Miiller RH, Mdschwitzer JP. Bottom-up approaches
for preparing drug nanocrystals: formulations and factors
affecting particle size [J]. Int J Pharm, 2013, 453(1): 126—
141.

Taneja S, Shilpi S, Khatri K. Formulation and optimization

of efavirenz nanosuspensions using the precipitation-


www.willnano.cn

- 477 -

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[331

ultrasonication technique for solubility enhancement [J].
Artif Cells Nanomed Biotechnol, 2015, 1—7.

Aditya NP, Yang H, Kim S, ef al. Fabrication of amorphous
curcumin nanosuspensions using B-lactoglobulin to enhance
solubility, stability, and bioavailability [J]. Colloids Surf B
Biointerfaces, 2015, 127: 114—121.

[1]. , 2009, 6(3):
153—157.
. ,2014, 35(4): 339—348.
Pathak P, Prasad GL, Meziani MJ, et al. Nanosized paclitaxel

particles from supercritical carbon dioxide processing and
their biological evaluation [J]. Langmuir, 2007, 23(5):
2674—2679.
Hu J, Johnston KP, Williams RO 3rd. Rapid dissolving high
potency danazol powders produced by spray freezing into
liquid process [J]. Int J Pharm, 2004, 271(1-2): 145—154.
Chen L, Wang Y, Zhang J, et al. Bexarotene nanocrystal-Oral
and parenteral formulation development, characterization and
pharmacokinetic evaluation [J]. Eur J Pharrm Biopharm,
2014, 87(1): 160—169.

. , 2010, 19(17): 1613—
1615.
Salazar J, Miiller RH, Méschwitzer JP. Performance
comparison of two novel combinative particle-size-reduction
technologies [J]. J Pharm Sci, 2013, 102(5): 1636—1649.
Gora S, Mustafa G, Sahni JK, et a/. Nanosizing of
valsartan by high pressure homogenization to produce
dissolution enhanced nanosuspension: pharmacokinetics and
pharmacodyanamic study [J]. Drug Deliv, 2016, 23(3):
940—950.
Salazar J, Miiller RH, M6schwitzer JP. Application of the
combinative particle size reduction technology H 42 to
produce fast dissolving glibenclamide tablets [J]. Eur J
Pharm Sci, 2013, 49(4): 565—577.
Salazar J, Ghanem A, Miiller RH, et a/. Nanocrystals:
comparison of the size reduction effectiveness of a novel
combinative method with conventional top-down approaches
[7]. Eur J Pharm Biopharm, 2012, 81(1): 82—90.
Muller RH, Keck CM. Challenges and solutions for the
delivery of biotech drugs--a review of drug nanocrystal
technology and lipid nanoparticles [J]. J Biotechnol, 2004,
113(1-3): 151—170.

Chinese Journal of Pharmaceuticals 2016, 47(4)

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Tu L, Yi Y, Wu W, et al. Effects of particle size on the
pharmacokinetics of puerarin nanocrystals and microcrystals
after oral administration to rat [J]. /nt J Pharm, 2013,
458(1): 135—140.

Liu Y, Zhang D, Duan C, et al. Studies on pharmacokinetics
and tissue distribution of bifendate nanosuspensions for
intravenous delivery [J]. J Microencapsul, 2012, 29(2):
194—203.

Bilgili E, Li M, Afolabi A. Is the combination of cellulosic
polymers and anionic surfactants a good strategy for ensuring
physical stability of BCS Class II drug nanosuspensions? [J].
Pharm Dev Technol, 2016, 21(4): 499—510.

Lestari ML, Miiller RH, Méschwitzer JP. Systematic
screening of different surface modifiers for the production of
physically stable nanosuspensions [J]. J Pharm Sci, 2015,
104(3): 1128—1140.

Wang Y, Zheng Y, Zhang L, et al. Stability of
nanosuspensions in drug delivery[J]. J Controlled Release,
2013,172(3): 1126—1141.

Abdelbary AA, Li X, El-Nabarawi M, et al. Effect of fixed
aqueous layer thickness of polymeric stabilizers on zeta
potential and stability of aripiprazole nanosuspensions [J].
Pharm Dev Technol, 2013, 18(3): 730—735.

Hong C, Dang Y, Lin G, et al. Effects of stabilizing agents
on the development of myricetin nanosuspension and its
characterization: an in vitro and in vivo evaluation [J]. Int J
Pharm, 2014, 477(1-2): 251—260.

Zhang H, Hollis CP, Zhang Q, et al. Preparation and anti-
tumor study of camptothecin nanocrystals [J]. Int J Pharm,
2011, 415(1-2): 293—300.

Hu X, Lin X, Gu Y, et al. Biocompatible riboflavin laurate
long-acting injectable nanosuspensions allowing sterile
filtration [J]. Drug Deliv, 2014, 21(5): 351—361.

Wang Y, Zhang D, Liu Z, et al. In vitro and in vivo evaluation
of silybin nanosuspensions for oral and intravenous delivery
[J]. Nanotechnology, 2010, 21(15): 155104.

Shegokar R, Singh KK. Surface modified nevirapine
nanosuspensions for viral reservoir targeting: In vitro and in
vivo evaluation [J]. Int J Pharm, 2011, 421(2): 341—352.
Shubar HM, Lachenmaier S, Heimesaat MM, et al. SDS-
coated atovaquone nanosuspensions show improved
therapeutic efficacy against experimental acquired and
reactivated toxoplasmosis by improving passage of
gastrointestinal and blood-brain barriers [J]. J Drug Target,
2011, 19(2): 114—124.





