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Abstract: 

Nanoprecipitation technique for preparation of nanoparticles has emerged as one of the most viable methods of all 

available methods, owing to its advantages such as simple, rapid, economical and surfactant free preparation 

method. Several kinds of polymers, lipids, proteins, and cyclodextrins can be used as matrix for encapsulation of 

drug. Moreover, it can be employed to prepare nanoparticles of drug product itself without use of any polymer. 

Nanoprecipitation is achieved by slow addition of an organic solution of the polymer with or without drug in an 

aqueous solution (non-solvent) with moderate stirring at moderate temperature. Nanoparticles are hardened due to 

evaporation of organic solvent which are then collected by filtration, centrifugation or freeze drying. This article 

summarizes several parameters that may influence preparation of nanoparticles include types and proportion of 

solvent and anti-solvent, types and proportion of polymer and drug, rate of addition of solvent, stirring speed and 

processing temperature.  
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INTRODUCTION: 

The nanoprecipitation was first developed by Fessi 

for the preparation of nanoparticles of hydrophobic 

drug [1]. Drug or polymer or drug and polymer both 

are dissolved in the common organic solvent which is 

miscible with water. This organic solution is then 

poured into the anti-solvent (water with or without 

surfactant) under magnetic stirring to get 

nanoprecipitation of drug and polymer. 

Nanoprecipitation is based on solvent diffusion and 

interfacial deposition wherein diffusion of organic 

solvent into anti-solvent causes rapid desolvation of 

the polymer leading to nuclei growth that follows 

crystal growth, interfacial deposition and 

nanoprecipitation [2-4]. There are several advantages 

of nanoprecipitation over other techniques of 

preparation of nanoparticle such as its speed, cost, 

simplicity, ease of scalability, avoidance of high 

energy inputs, toxic solvents and surfactants. 

Moreover, prepared particles are generally submicron 

with narrow size distribution and are generally 

reproducible [5-9]. The effects of the process 

parameters, such as amount of drug or polymer, drug 

polymer ratio, types of solvent and anti-solvent, ratio 

of solvent to anti-solvent, the stirring rate, stirring 

time, reaction temperature, have great influence over 

size of nanoprecipitation. There are several 

investigations reporting such factors that may 

influence nanoprecipitation, however, none of them 

covered all of the relevant factors [10-17]. In this 

review, several factors that influence the 

nanoprecipitation are summarized and discussed. 

Effect of nature and amount of drug  

Nanoprecipitation was originally developed for nano-

encapsulation of hydrophobic drugs [1]. Most of the 

available literature has reported nanoprecipitation of 

hydrophobic drugs as original method suffers with 

the drawback of unsuitability for encapsulating 

hydrophilic drugs [8-10, 12-14]. However, 

researchers have investigated encapsulation of 

hydrophilic drugs and proteins by modified nano-

precipitation method [17-23]. Several researchers 

have reported the effect of drug concentration over 

size of the nanoparticles. In general, smaller 

nanoparticles were achieved at lower drug 

concentration. For instance, Jhang and coworkers 

reported that cefuroxime axetil concentration in 

organic phase had significant effect on the size of 

nanoparticles as evident from decreased particle size 

from ∼800 to ∼300 nm as the concentration of 

cefuroxime axetil in the acetone phase decreases 

from 120 to 60 mg/mL [24]. It has been reported that 

high drug concentrations results in larger number of 

nuclei at solvent/anti-solvent interface which 

aggregate and form larger nanoparticles. Moreover 

increase in viscosity due to high drug concentration 

decreases its diffusion form solvent to anti-solvent 

thus decreasing the yield of nanoparticles [25, 26]. 

Effect of nature and amount of polymer  

Polymer type and its amount plays very crucial role 

on nanoparticle formation and their characteristics. 

Poly Lactic acid-Glycolic acid (PLGA) is found to 

produce smaller nanoparticles when compared with 

those produced by poly lactic acid (PLA) which is 

more hydrophobic than PLGA [18]. It has been 

reported that low amount of polymers generally 

produces smaller nanoparticles whereas high polymer 

concentrations results in larger nanoparticles which 

could be due to increased viscosity that hampered 

diffusion of polymer form solvent to anti-solvent 

[27]. It is noteworthy that high amount of polymer 

produces larger nanoparticles but their drug 

encapsulation efficiencies are generally better than 

the smaller nanoparticles. [11]. Molar mass of 

polymers are also known to affect the percent yield of 

nanoparticles. It has also been reported that very high 

molar mass or very high concentration of polymer 

either prevented nanoprecipitation or reduced percent 

yield [11, 18]. 

Effect of solvent  

The effect of solvent on the nanoprecipitation and 

size of nanoparticles is not well established. Solvents 

are generally chosen based on solubility of drugs and 

polymers in question. For poorly soluble drugs, 

organic solvents like acetone, acetonitrile, 

chloroform, dichloromethane, dimethyl formamide, 

dimethyl sulfoxide, ethyl acetate, ethyl ether, 

isopropyl ether, ethanol, methanol, methylene 

chloride are used. It has been reported that organic 

solvents used for nanoprecipitation should be 

miscible with water (anti-solvent), as it facilitate 

diffusion thus affect the size of nanoparticles [1, 11]. 

Diffusion of the solvent in anti-solvent with or 

without polymer was investigated in detail and was 

found to control the size and size distribution of 

nanoparticle [28]. Solvents with high diffusion such 

as acetone and acetonitrile favored the formation of 

smaller nanoparticles with narrower distribution, 

whereas solvents with low diffusion such as tetra 

hydrofuron results in large and broad distributions of 

size [28]. Low boiling point of solvent is another 

desirable property to facilitate evaporation and 

formation of nanoparticles. Therefore solvent 

selection is generally based on its Solublization 

capacity for the polymer in question, its polarity 

(water miscibility) and its boiling point. It has been 

reported that affinity of the solvent for the non-

solvent (dielectric constant, Hildebrand solubility 
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parameter) and solvent-polymer interactions play 

very important role in nanoprecipitation [18]. 

Effect of anti-solvent 

Water is the most common anti-solvent used in 

nanoprecipitation techniques. It is required that the 

drug and polymer must be insoluble in the anti-

solvent to prevent ant diffusion of drug during 

nanoparticle preparation. Several researchers have 

employed aqueous phase / buffer with different pH, 

with observation that pH affected entrapment 

efficiency of nanoparticles. This could be due to the 

fact that ionizable drugs have different solubility at 

different pH conditions and hence the pH at which it 

is ionized maximum will cause minimum 

Solublization of drug leading to improved entrapment 

efficiency of nanoparticles [3, 29]. Ratio of solvent to 

anti-solvent has also been reported by several 

researchers and it was observed that increase in 

proportion of anti-solvent with respect to solvent 

(1:2-1:20) generally produces smaller nanoparticles 

[3, 24]. Stabilizing agent such as polyvinyl alcohol, 

or other hydrophyllic surfactants such as Tweens, 

poloxamers and pluronics are added in the water to 

stabilize the nanoparticles. Concentration of 

stabilizers in anti-solvent is known to influence size 

of the nanoparticles formed along with their 

entrapment efficiency and stability [30-34]. 

Generally a concentration range between 0.1-1% 7% 

w/v of stabilizer is found sufficient to stabilize the 

nanoparticles, however, sometimes concentrations as 

high as 7% w/v is required depending upon type of 

stabilizer and dispersion medium [35]. Moreover, 

nature or physical state of the nanoparticles is known 

to be significantly influenced by the nature of anti-

solvent. For instance, cefuroxime axetil in acetone 

lead to development of amorphous nanoparticles 

when organic solvent like isopropyl ether used as 

anti-solvent however end product was gel or 

crystalline when water was used as anti-solvent [24]. 

Effect of addition of organic phase  

Effect of addition of organic phase to the aqueous 

phase has been reported in very few number of 

studies. Most of the available data reported dropwise 

addition of organic phase to the aqueous phase. 

However some researches have investigated the 

effect of addition of organic phase by using slow or 

fast injection rate (2-2000 μL min−1), by using 

different needle gauze sizes (14,16, 20, 23, 27). It 

was observed that both organic phase injection rate 

and gauge size of the needles did not affected the size 

of nanoparticles significantly as these parameters 

have no effect over diffusion rather they only affect 

the rate of mass transport [28]. 

Effect of stirring  

In the original nanoprecipitation method, researchers 

used moderate stirring to emphasize on low external 

energy requirement which is generally very high for 

emulsion-evaporation methods. However, it has been 

reported that size of nanoparticles developed in 

nanoprecipitation techniques is significantly 

influenced by rate of stirring. Generally speaking 

higher stirring rates result in smaller nanoparticles 

[23, 36]. For instance a reduction in particle size from 

800 to 300 nm was observed with increase in stirring 

rate from 300 to 1200 rpm [24]. The decrease in 

particle size may be due to enhanced mass transfer 

and rate of diffusion leading to rapid nucleation and 

precipitation. However, in one of the report, effect of 

stirring rate (1200, 1100, 700, 350, 125, and 0 rpm) 

over size of nanoparticles was found to be 

insignificant [28].  

Effect of temperature 

Nanoprecipitation process are generally reported to 

be carried out at ambient or room temperature, thus 

there are limited reports only that investigate the 

effect of temperature over nanoprecipitation. For 

instance, Zhang and coworkers investigated effect of 

temperature (10, 20, 30 and 40 °C) on particle size 

produced by nanoprecipitation [24]. They observed 

reduction in particle size from about 800 to 300 nm 

with reduction in temperature from 40 to 10 °C. They 

suggested that low solubility thus high 

supersaturation and faster nucleating rate at low 

temperature could be reason of smaller particles. 

However, in another investigation, opposite trend 

was observed [28]. They reported an approximate 

10 nm decrease of particle size with every 10 degree 

increase of temperature with overall decrease of 

about 100 nm when the temperature was increased 

from 0 to 80 °C. They suggested that increased 

solubility of polymer at higher temperatures inhibits 

precipitation [28]. 

CONCLUSION: 

Nanoprecipitation is a rapid, simple and economical 

method for preparation nano-capsules which 

produces monodisperse nanoparticles of sizes 

generally smaller than those produced by using other 

available methods such as emulsification-solvent 

evaporation (single or double emulsion produced by 

high shear or ultra-sonication, solvent evaporated by 

stirring at room temperature or under reduced 

pressure), supercritical fluid technology, salting-out 

and dialysis etc. Moreover, nanoprecipitation is 

scalable and parameters involved in nanoprecipitation 

can easily be tuned to control the size of 

nanoparticles produced with reproducible results. 

Several researchers have investigated influencing 
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parameters such as drug load, amount of polymer, 

drug: polymer ratio, organic solvents, mode and rate 

of addition of solvent into anti-solvent, nature of anti-

solvent, stabilizers in anti-solvent, pH of anti-solvent,  

ratio of solvent : anti-solvent, stirring rate and 

temperature etc. Of all investigated parameters, 

nature and amount of polymer, solvent and anti-

solvent were found to affect the size of nanoparticles 

significantly.  

 

REFERENCES: 

1.Fessi HP, Puisieux F, Devissaguet JP, Ammoury N, 

Benita S. Nanocapsule formation by interfacial 

polymer deposition following solvent displacement. 

Int  J pharm, 1989; 55(1):R1-4. 

2.Quintanar-Guerrero D, Allémann E, Fessi H, 

Doelker E. Preparation techniques and mechanisms 

of formation of biodegradable nanoparticles from 

preformed polymers. Drug dev ind pharm, 1998 ; 

24(12):1113-1128. 

3.Govender T, Stolnik S, Garnett MC, Illum L, Davis 

SS. PLGA nanoparticles prepared by 

nanoprecipitation: drug loading and release studies of 

a water soluble drug. J Cont Rel, 1999 ;57(2):171-

185. 

4.Barichello JM, Morishita M, Takayama K, Nagai 

T. Encapsulation of hydrophilic and lipophilic drugs 

in PLGA nanoparticles by the nanoprecipitation 

method. Drug dev ind pharm, 1999;25(4):471-476. 

5.Niwa T, Takeuchi H, Hino T, Kunou N, 

Kawashima Y. Preparations of biodegradable 

nanospheres of water-soluble and insoluble drugs 

with D, L-lactide/glycolide copolymer by a novel 

spontaneous emulsification solvent diffusion method, 

and the drug release behavior. J Cont Rel, 1993;25(1-

2):89-98. 

6.Stainmesse S, Orecchioni AM, Nakache E, 

Puisieux F, Fessi H. Formation and stabilization of a 

biodegradable polymeric colloidal suspension of 

nanoparticles. Colloid & Polymer Science. 1995 

;273(5):505-511. 

7.Molpeceres J, Guzman M, Aberturas MR, Chacon 

M, Berges L. Application of central composite 

designs to the preparation of polycaprolactone 

nanoparticles by solvent displacement. J pharm sci,  

1996;85(2):206-213. 

8.Guterres SS, Fessi H, Barratt G, Devissaguet JP, 

Puisieux F. Poly (DL-lactide) nanocapsules 

containing diclofenac: I. Formulation and stability 

study. Int J Pharm, 1995;113(1):57-63. 

9.Jeon HJ, Jeong YI, Jang MK, Park YH, Nah JW. 

Effect of solvent on the preparation of surfactant-free 

poly (DL-lactide-co-glycolide) nanoparticles and 

norfloxacin release characteristics. Int J Pharm, 

2000;207(1):99-108. 

10.Chorny M, Fishbein I, Danenberg HD, Golomb G. 

Lipophilic drug loaded nanospheres prepared by 

nanoprecipitation: effect of formulation variables on 

size, drug recovery and release kinetics. J Cont Rel, 

2002;83(3):389-400. 

11.Legrand P, Lesieur S, Bochot A, Gref R, Raatjes 

W, Barratt G, Vauthier C. Influence of polymer 

behaviour in organic solution on the production of 

polylactide nanoparticles by nanoprecipitation. Int J 

Pharm, 2007;344(1):33-43. 

12.Betancourt T, Brown B, Brannon-Peppas L. 

Doxorubicin-loaded PLGA nanoparticles by 

nanoprecipitation: preparation, characterization and 

in vitro evaluation. Nanomedicine. 2007;2(2):219-

232. 

13.Khan WH, Rathod VK. Process intensification 

approach for preparation of curcumin nanoparticles 

via solvent–nonsolvent nanoprecipitation using 

spinning disc reactor. Chem Eng Proc: Proc Intens. 

2014;80:1-10. 

14.Hyvönen S, Peltonen L, Karjalainen M, Hirvonen 

J. Effect of nanoprecipitation on the physicochemical 

properties of low molecular weight poly (L-lactic 

acid) nanoparticles loaded with salbutamol sulphate 

and beclomethasone dipropionate. Int J Pharm, 

2005;295(1):269-281. 

15.Song KC, Lee HS, Choung IY, Cho KI, Ahn Y, 

Choi EJ. The effect of type of organic phase solvents 

on the particle size of poly (d, l-lactide-co-glycolide) 

nanoparticles. Coll Surf A: Physicochem Eng Asp. 

2006;276(1):162-167. 

16.Mainardes RM, Evangelista RC. PLGA 

nanoparticles containing praziquantel: effect of 

formulation variables on size distribution. Int J 

Pharm, 2005;290(1):137-144. 

17.Lee JS, Hwang SJ, Lee DS, Kim SC, Kim DJ. 

Formation of Poly (ethylene glycol)-Poly (ε-

caprolactone) Nanoparticles via Nanoprecipitation. 

Macromol res,  2009;17(2):72-78. 

18.Bilati U, Allémann E, Doelker E. Development of 

a nanoprecipitation method intended for the 

entrapment of hydrophilic drugs into nanoparticles. 

Eur J Pharm Sci. 2005;24(1):67-75. 

19.Peltonen L, Aitta J, Hyvönen S, Karjalainen M, 

Hirvonen J. Improved entrapment efficiency of 

hydrophilic drug substance during nanoprecipitation 

of poly (I) lactide nanoparticles. Aaps Pharmscitech. 

2004;5(1):115. 

20.Barichello JM, Morishita M, Takayama K, Nagai 

T. Encapsulation of hydrophilic and lipophilic drugs 

in PLGA nanoparticles by the nanoprecipitation 

method. Drug dev ind pharm, 1999;25(4):471-476. 

21.Bilati U, Allémann E, Doelker E. 

Nanoprecipitation versus emulsion-based techniques 

for the encapsulation of proteins into biodegradable 



IAJPS 2017, 4 (12), 4854-4858                            M. J. Ansari                            ISSN 2349-7750 
 

 
w w w . i a j p s . c o m  

 

Page 4858 

nanoparticles and process-related stability issues. 

Aaps Pharmscitech, 2005;6(4):E594-604. 

22.Morales-Cruz M, Flores-Fernández GM, Morales-

Cruz M, Orellano EA, Rodriguez-Martinez JA, Ruiz 

M, Griebenow K. Two-step nanoprecipitation for the 

production of protein-loaded PLGA nanospheres. 

Results in pharma sciences. 2012 Dec 31;2:79-85. 

23.Yadav KS, Sawant KK. Modified 

nanoprecipitation method for preparation of 

cytarabine-loaded PLGA nanoparticles. Aaps 

Pharmscitech. 2010;11(3):1456-1465. 

24.Zhang JY, Shen ZG, Zhong J, Hu TT, Chen JF, 

Ma ZQ, Yun J. Preparation of amorphous cefuroxime 

axetil nanoparticles by controlled nanoprecipitation 

method without surfactants. Int J Pharm, 

2006;323(1):153-160. 

25.Cheng J, Teply BA, Sherifi I, Sung J, Luther G, 

Gu FX, Levy-Nissenbaum E, Radovic-Moreno AF, 

Langer R, Farokhzad OC. Formulation of 

functionalized PLGA–PEG nanoparticles for in vivo 

targeted drug delivery. Biomaterials. 2007;28(5):869-

876. 

26.Galindo-Rodriguez S, Alleman E, Fessi H, 

Doelker E. Physicochemical parameters associated 

with nanoparticle formation in the salting-out, 

emulsification-diffusion, and nanoprecipitation 

methods. Pharm Res, 2004; 21:1428-1439. 

27.Salatin S, Barar J, Barzegar-Jalali M, Adibkia K, 

Kiafar F, Jelvehgari M. Development of a 

nanoprecipitation method for the entrapment of a 

very water soluble drug into Eudragit RL 

nanoparticles. Res Pharm Sci, 2017;12(1):1-14. 

28.Huang W, Zhang C. Tuning the Size of 

Poly(lactic-co-glycolic Acid) (PLGA)Nanoparticles 

Fabricated by Nanoprecipitation. Biotechnol J. 2017 

Sep 23, Available at: 

http://onlinelibrary.wiley.com/doi/10.1002/biot.2017

00203/full [Accessed on 23 December 2017]. 

29.Song CX, Labhasetwar V, Murphy H, Qu X, 

Humphrey WR, Shebuski RJ, Levy RJ. Formulation 

and characterization of biodegradable nanoparticles 

for intravascular local drug delivery. Journal of 

Controlled Release. 1997 Jan 18;43(2):197-212. 

30.Pandey SK, Patel DK, Thakur R, Mishra DP, 

Maiti P, Haldar C. Anti-cancer evaluation of 

quercetin embedded PLA nanoparticles synthesized 

by emulsified nanoprecipitation. Int J Biol 

Macromol, 2015;75:521-529. 

31.Wang Q, Wu P, Ren W, Xin K, Yang Y, Xie C, 

Yang C, Liu Q, Yu L, Jiang X, Liu B, Li R, Wang L. 

Comparative studies of salinomycin-loaded 

nanoparticles prepared by nanoprecipitation and 

single emulsion method. Nanoscale Res Lett,  

2014;9(1):351. 

32.Mugheirbi NA, Paluch KJ, Tajber L. Heat induced 

evaporative antisolvent nanoprecipitation (HIEAN) 

of itraconazole. Int J Pharm, 2014;471(1-2):400-411. 

33.Vuddanda PR, Mishra A, Singh SK, Singh S. 

Development of polymeric nanoparticles with highly 

entrapped herbal hydrophilic drug using 

nanoprecipitation technique: an approach of quality 

by design. Pharm Dev Technol, 2015;20(5):579-587. 

34.Shakeri F, Shakeri S, Hojjatoleslami M. 

Preparation and characterization of carvacrol loaded 

polyhydroxybutyrate nanoparticles by 

nanoprecipitation and dialysis methods. J Food Sci. 

2014 Apr;79(4):N697-705. 

35.Khan SA, Schneider M. Improvement of 

nanoprecipitation technique for preparation of gelatin 

nanoparticles and potential macromolecular drug 

loading. Macromol Biosci, 2013; 13(4):455-463. 

36. Singh Y, Ojha P, Srivastava M, Chourasia MK. 

Reinvestigating nanoprecipitation via Box-Behnken 

design: a systematic approach. J Microencapsul. 

2015;32(1):75-85. 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1002/biot.201700203/full
http://onlinelibrary.wiley.com/doi/10.1002/biot.201700203/full

	M. J. Ansari
	Effect of nature and amount of drug
	Effect of nature and amount of polymer
	Effect of solvent
	Effect of anti-solvent
	Effect of addition of organic phase
	Effect of stirring
	Effect of temperature
	CONCLUSION:


