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Abstract  

Biopolymers based on lactic acid and glycolic acid have attracted great interest in various medical 

applications. This paper reviews various applications of nano spray drying for the formulation and 

encapsulation of active ingredients in PLA/PLGA biopolymers. The researched applications are 

primarily in the therapeutic field, such as the treatment of inhalation diseases, inflammations, cancer, 

immune diseases, genetic disorders, and the regulation of vasodilatation or the surface coating of 

medical implants. The analysed studies show the possibility of producing nano spray dried PLA/PLGA 

particles from approx. 2 μm to below 200 nm and encapsulation of various active ingredients in 

spherical particles and nanocomposite structures.  
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1. Introduction 

Biopolymers based on lactic acid and glycolic acid and their copolymers have attracted great 

interest in various medical applications, e.g. as biodegradable implants in surgery with variable 

mechanical strength, as raw materials for wound closure products that are completely absorbed by the 

body, or as drug carrier substances for the production of drug delivery systems with excellent 

biocompatibility, adjustable degradation rate and non-toxicity in humans (Sharma et al. 2016).  

In particular, polylactic acid (PLA) is applied for sutures, stents, dialysis media, drug delivery 

devices and tissue repair. PLA is a colorless, glossy and stiff thermoplastic biopolymer that is 

degraded by simple hydrolysis of the ester bond (Garlotta, 2001; Kulkarni et al., 1966).  

Poly(lactic-co-glycolic acid) (PLGA) is a copolymer of PLA and polyglycolic acid (PGA) and, in 

terms of design and performance, the preferred candidate of biodegradable polymes for drug delivery 

(Sharma et al., 2016). Body fluids degrade the polymers by hydrolysis into metabolite monomers 

lactic acid and glycolic acid (Danhier et al., 2012).  

By modification of molecular weight and polymer composition, the degradation rate and 

mechanical stability can be adopted to the individual requirements of the medical application (Danhier 

et al., 2012; Sharma et al., 2016; Wan and Yang, 2016). Different forms of PLGA can be obtained by 

varying the ratio of lactide to glycolide during the polymerization reaction, e.g. PLGA 50:50 refers to 

a copolymer of 50% lactic acid and 50% glycolic acid. The glass transition temperature (Tg) is an 

important parameter of the polymer, which decreases with higher glycolide amount. Depending on the 

molecular weight and the lactide to glycolide ratio, the degradation time of the polymer may vary. 

Low molecular weight polymers with higher glycolide content are more hydrophilic and amorphous 

and therefore have a shorter degradation time (Sharma et al., 2016). 

This paper reviews the potential of nano spray drying biodegradable PLA/PLGA particles 

(Arpagaus, 2019). First, the study explains the specialized nano spray drying technology and discusses 

the influence of the respective process parameters on the powder properties. Then, the latest 

applications of nano spray drying for the formulation and encapsulation of various drugs in 

PLA/PLGA biopolymers will be presented. The study emphasizes especially the possibility of 

reducing the size of spray dried particles to the nanoscale (e.g. submicron particle sizes).  
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2. Nano spray drying technology 

Spray drying is a relatively simple, fast, reproducible and scalable drying technology that is 

suitable for drying heat-sensitive biopharmaceutical compounds. In view of the rapid progress of 

nanoencapsulation technologies in the biopharmaceutical sector, nano spray drying is used in R&D to 

improve the powder formulation and release of active ingredients. 

The Nano Spray Dryer B-90 of the Swiss company Büchi Labortechnik AG extends the size of the 

powder particles produced into the nanometer scale with narrow size distribution and high yields 

(Arpagaus et al., 2009). The implemented vibrating mesh nebulizer, the laminar drying process and the 

electrostatic particle collector enable the production of a few grams of submicron powder to provide 

data for feasibility studies and further scale-up (Arpagaus et al. 2018, 2017). Fig. 1 shows the set-up 

and schematic diagram of the Nano Spray Dryer B-90 in a closed mode operation with the Inert Loop 

B-295 for drying organic solvents.  

 

Fig. 1. Set-up and schematic diagram of the Nano Spray Dryer B-90 with the Inert Loop B-295 and 

aspirator for closed mode operation with inert gas (N2/CO2) for drying organic solvents, adapted from 

Büchi Labortechnik AG (2017). 

 

Normally N2 is used as inert gas, while a small amount of CO2 is added to prevent dielectric 

breakdown at the collecting electrode. The oxygen concentration is controlled below 4%. This allows 

drying solutions or suspensions of organic solvents in a fully gas recirculating system, maximizing 

user safety and minimizing solvent consumption. The modular glass assembly of the drying cylinders 

allows simple modification of the drying chamber length.  

The key parameters controlling the final nano spray dried particle size are the vibrating spray mesh 

size (e.g. 4.0, 5.5, and 7.0 µm mesh size), the solid concentration, and the physicochemical properties 

of the fluid, such as viscosity and surface tension. Obviously, smaller droplets are favored by a smaller 

spray mesh. The submicron particle size range is typically reached when using a 4.0 μm spray mesh 

and diluted solutions of about 0.1 to 1% (w/v), as demonstrated in several studies (Amsalem et al. 

2017; Anzar et al. 2018; Beck-Broichsitter et al. 2015a, 2012; Bege et al. 2013; Panda et al. 2016; 

Schafroth et al. 2012). The main organic solvents used in the nano spray drying of PLA/PLGA 

biopolymers are:  

 dichloromethane (DCM) (Beck-Broichsitter et al. 2012; Bege et al. 2013; Dahili et al. 2017; 

Dahili and Feczkó, 2015; Draheim et al. 2015; Panda et al. 2016; Schafroth et al. 2012)  

 acetone (Beck-Broichsitter et al., 2015b; Draheim et al., 2015),  

 acetonitrile (Amsalem et al., 2017),  

 ethyl acetate (Draheim et al., 2015), and  

 mixtures of  DCM/ethanol (70/30, v/v) (Schafroth et al., 2012). 

The selection of the organic solvent is based on the solubilisation of the drug and the encapsulating 

biopolymer. DCM (boiling point of 40 °C) and acetone (56 °C) enable low drying temperatures, which 
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leads to fast drying and prevents particles from sticking to the walls or agglomerating. An optimum 

inlet drying gas temperature for PLGA dissolved in DCM was reported to be in the range of 

29 to 32 °C (Schafroth et al., 2012).  

The outlet temperature (Tout) of the drying gas is directly related to the set inlet temperature (Tin), 

the drying gas flow rate, the sample concentration and the fluid feed rate (Büchi Labortechnik AG, 

2011). The outlet temperature is between 21 and 35 °C and thus below the glass transition temperature 

of most PLGA polymers of about 37 to 54 °C (Schafroth et al. 2012). This makes nano spray drying a 

suitable process for heat-sensitive pharmaceuticals (Amsalem et al., 2017; Heng et al., 2011).  

A compromise needs to be found between feed rate, solid concentration, and particle size. The feed 

rate increases with the spray mesh size and the setting of the relative spray frequency. For pure DCM, 

the feed rates are in the ranges of 18, 32 and 107 g/h for a 4.0, 5.5, and 7.0 µm spray mesh, 

respectively (Büchi Labortechnik AG, 2010). A significant increase in the feed rate from 18 to 128 g/h 

with a spray mesh size of 4.0 and 7.0 μm was also observed with a 5% (w/v) PLGA solution in 

acetone (Beck-Broichsitter et al., 2015b). The process parameters can be varied to optimize the 

particle size, yield, encapsulation efficiency, release profile, stability, and morphology (Arpagaus, 

2019, 2018a, 2018b, 2018c, Arpagaus et al., 2018, 2017, 2013). 

 

3. Application results and discussion  

Since its market introduction in 2009, the Nano Spray Dryer B-90 has been used in the laboratory 

mainly in the research fields of drug delivery, bioactive food ingredients, and material science to 

convert various liquid feeds into dry powder (Arpagaus, 2018b, 2018c, 2018d, 2012, 2011). Its range 

of applications is constantly evolving. The latest research activities in nano spray drying of 

PLA/PLGA biopolymers focus on the treatment of: 

 inflammation by dexamethasone (Schafroth et al., 2012), 

 transplants rejection reactions and dermatitis by cyclosporin (Schafroth et al., 2012), 

 pulmonary arterial hypertension with sildenafil (Beck-Broichsitter et al., 2015b, 2015a, 2012), 

 antipsychotic diseases like schizophrenia by clozapine and risperidone (Panda et al., 2016), 

 breast cancer by simvastatin (Anzar et al., 2018), 

 genetic disorders and silencing of transcription during gene expression by siRNA-loaded 

human serum albumin nanoparticles (Amsalem et al., 2017), and 

 cerebral vasospasm (e.g. narrowing of blood vessels in the brain) by nimodipine (Bege et al., 

2013). 

Table 1 gives an overview of published studies on the encapsulation of active ingredients in PLA 

and PLGA biopolymers by nano spray drying. The obtained data on particle size, encapsulation 

efficiency, and drug release are provided. The listed experimental process parameters serve as a first 

reference for the production of submicron powders and the application of a Nano Spray Dryer B-90 

with similar substances and solvents.  

Fig. 2 shows some SEM images of representative nano spray dried PLA/PLGA particles. In 

general, the slow and gentle drying in a nano spray dryer yields almost spherical and compact 

particles. Dilution of the solution leads to a product with a smaller particle size. Typically, the solids 

concentrations were in the range of 0.1 to 1% (w/v). Composite particles made of PLGA nanoparticles 

are another interesting particle morphology for drug delivery applications (Beck-Broichsitter et al., 

2012; Schafroth, 2010; Schafroth et al., 2012). 

Schafroth et al. (2010, 2012) optimized the processing parameters of nano spray drying to 

encapsulate the poorly soluble immunosuppressive drug cyclosporine A and the anti-inflammatory 

steroid drug dexamethasone in biodegradable PLGA nanoparticles with different PLGA grades (50:50 

and 85:15 lactide:glycolide ratio) and molecular weights (15 kDa, 40 to 75 kDa). The drugs and the 

PLGA polymers were dissolved in DCM/ethanol (70:30 v/v) organic mixture. The particles were 

about 0.9 to 2.2 m in size and highly porous (Fig. 2 A, B, C). The encapsulation efficiency for both 

drugs was between  80 to 95% (Schafroth, 2010). In vitro studies demonstrated sustained release 

profiles for the drugs from 15 to 30 days depending on the PLGA grade (Schafroth et al., 2012).  

Beck-Broichsitter et al. (2012) prepared composite particles from nano spray drying an aqueous 

nanosuspension containing sildenafil-loaded PLGA nanoparticles of around 225 nm (prepared by 

solvent evaporation method) for pulmonary administration. 
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Table 1. Published studies and process conditions for the encapsulation of drugs in PLA/PLGA 

biopolymers by nano spray drying. Product yield (%) = amount of recovered dried particles / initial 

mass of solids in the feed, encapsulation efficiency (%) = amount of drug within dried particles / initial 

drug amount in the feed,, n.a. = not available, PLA = Poly(lactide), PLGA = Poly(lactide-co-

glycolide), DCM = dichloromethane, i.v. = inherent viscosity in dL/g, Tg = glass transition 

temperature in °C, molecular weight in kDa, Resomer® is a registered product line from EVONIK.  

 

 

Drug loaded 

(application) 

Biopolymer  

type and solid 

concentration 

Solvent 

type 

Tin / Tout 

(°C) 

Drying 

gas 

(L/min) 

Product 

yield 

(%) 

Encap-

sulation 

efficiency 

(%) 

Particle 

size 

(µm) 

Drug 

release 
References 

Clozapine and 

risperidone 

(antipsychotic drugs 

to treat 

Schizophrenia) 

O/W emulsion of 2.5% 

(w/v) PLGA (i.v. 0.4 

and 0.2 dL/g) 

DCM and 0.5% 

(w/v) PVA in 

water as stabilizer 

60 – 80 / 

31 – 38 

112 – 118 

(N2) 
48 – 64 89 – 98 0.2 – 0.4 

60%  

(i.v. 0.4 dL/g) 

and 80%  

(i.v. 0.2 dL/g) 

in 10 days 

(Panda et al., 

2016) 

Cyclosporin 

(immune system 

suppressant) 

0.5 to 2%  PLGA 

(50:50, 15, 40 to 75 

kDa), or PLGA (85:15, 

40 to 70 kDa) 

DCM/ethanol 

(70:30 v/v) 

29 – 32 / 

28 – 32 

102 – 132 

(N2/CO2) 
20 – 56 38 – 41 0.9 – 2.2 

100% in 15 

(PLGA 50:50) 

to 30 days 

(PLGA 85:15) 

(Schafroth, 

2010; 

Schafroth et 

al., 2012) 

Dexamethasone 

(steroid, anti-

inflammatory) 

0.5 to 2% PLGA 

(50:50, 15, 40 to 75 

kDa), or PLGA (85:15, 

40 to 70 kDa) 

DCM/ethanol 

(70:30 v/v) 

29 – 30 / 

30 – 32 

111 – 132 

(N2/CO2) 
32 – 54 62 – 81 0.9 – 1.7 

100% in 15 

(PLGA 50:50) 

to 30 days 

(PLGA 85:15) 

(Schafroth, 

2010; 

Schafroth et 

al., 2012) 

Sildenafil 

(pulmonary arterial 

hypertension) 

5% PLGA (RG502H, 

50:50, 7 to 17 kDa) 

with 10% drug 

Acetone 
45 / 

25 – 30 

100 

(N2, CO2) 
n.a. > 90 1.3 – 3.6 

50% 

in 1.5 to 4 h, 

100% in 12 h 

(Beck-

Broichsitter 

et al., 2015a) 

Sildenafil 

(pulmonary arterial 

hypertension) 

1 to 10% PLGA 

(RG502H) with 10% 

drug 

Acetone 
45 / 

25 to 30 

100 

(N2, CO2) 
n.a. n.a. 3.9 – 10.9 

50% 

in 4 to 14 h, 

100% in 48 h 

(Beck-

Broichsitter 

et al., 2015b) 

Sildenafil 

(pulmonary arterial 

hypertension) 

0.5 to 5% PLGA  

(RG502H, 50:50, 7 to 

17 kDa), or PLGA  

(RG503H, 50:50, 24 to 

38 kDa, Tg of 39 °C) 

DCM and aqueous 

suspensions (0.2 

to 2%, 225 nm 

nanoparticles) 

containing 1% 

PVA  

30 – 50 / 

20 – 30 
100 n.a. n.a. 

0.6 – 1.1 

(composite 

particles: 

2.8 – 4.4) 

100% in 7 h, 

100% in 1.5 h 

(composite 

particles) 

(Beck-

Broichsitter 

et al., 2012) 

Nimodipine 

(dilatation regulator 

in brain arterioles) 

0.6% PLGA (RG502H) DCM 45 / n.a. 120 n.a. 93 – 98 0.7 – 3.7 
90% 

in 19 h 

(Bege et al., 

2013) 

siRNA-loaded 

human serum 

albumin (HSA) 

nanoparticles 

(genetic disorders 

and silencing gene 

expression) 

0.13% PLGA  

(R504H, 50:50, 50 and 

100 kDa, Tg 40 to 

47°C), or PEG/PLGA  

(RGP 25/5 kDa, 95/5 

kDa, Tg 20 to 38 °C) 

Acetonitrile (4:1 

ratio PLGA:HSA 

nanoparticles) 

50 / 38 
118 – 121 

(N2/CO2) 
30 – 60 

≥ 97 

(in nano-

particles) 

0.6 – 0.8 

100%  

(PLGA-PEG) 

and 70% 

(PLGA)  

in 12 h 

(Amsalem et 

al., 2017) 

Simvastatin 

(cholesterol reducer, 

anti-cancer drug) 

O/W emulsion of 

2.75% PLGA (50:50, 

i.v. 0.4 dL/g, 45 kDa) 

with 10 w% drug 

DCM and 1% 

(w/v) PVA (30 to 

70 kDa) in water 

n.a. n.a. n.a. 63 0.2 – 0.3 67% in 3 days 
(Anzar et al., 

2018) 

PLGA nanoparticles 

in mannitol 

(pulmonary drug 

delivery) 

PLGA  nanosuspension 

(RG503H, 50:50, 24 to 

38 kDa, i.v. 0.41 dL/g)  

0.5% (w/v) 

aqueous mannitol 

solution (ratios 

1:5, 1:3, 1:1) 

80 / 

32 – 39 
140 n.a. n.a. 1.1 – 7.2 n.a. 

Torge et al. 

(2017) 

Purified horseradish 

peroxidase (HRP) 

enzyme (223 U/mg) 

1% (w/v) PLGA 

(RG502H, 50:50, 8 

kDa) 

DCM n.a. 100 n.a. 

Enzyme 

loading up to 

6.2 mg/g 

1.2 – 5.4 n.a. 

(Dahili et al., 

2017; Dahili 

and Feczkó, 

2015) 

No drug  

(PLGA particle 

coating for small 

medical implants) 

0.1% PLGA (RG503H) 

Acetonitrile/water 

(95 :5) and 

0.005% sodium 

acetate 

55 / 

28 – 34 

100 

(N2/CO2) 
n.a. n.a. 0.5 – 1 n.a. 

(Baghdan et 

al., 2018) 

No drug 

(drug delivery 

applications) 

0.1 to 5% PLGA 

(RG503H) and 

stabilizers 

Acetone, 

ethylacetate, or 

DCM 

50 – 90 / 

29 – 36 

115 

(N2/CO2) 
≤ 63 n.a. 2.4 – 5.9 n.a. 

(Draheim et 

al., 2015) 

No drug 

1% PLA (R202H, i.v. 

0.16 to 0.24 dL/g, 

10 to 18 kDa) 

DCM/ethanol 

(70:30) 

20 – 40 / 

24 – 32 
140 (air) 50 – 88 n.a. 

0.4 – 4 

0.7 – 7 

0.8 – 13 

n.a. 

(Büchi 

Labortechnik 

AG, 2011) 

No drug 2% PLA (R202H) DCM 
50 / 

28 – 30 
126 (air) n.a. n.a. 0.5 – 5 n.a. 

(Büchi 

Labortechnik 

AG, 2009) 

No drug 

0.1% PLGA (RG504H, 

50:50, 38 to 54 kDa,  

Tg 46 to 50 °C) 

Acetonitrile/water 

(95:5) and 0.005% 

sodium acetate) 

55 / 36 140 n.a. n.a. 0.16 – 2.0 n.a. 

(Büchi 

Labortechnik 

AG, 2017) 
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Fig. 2.  SEM pictures of nano spray dried particles made of PLA/PLGA biopolymers.  

(A) and (B) Cyclosporine-loaded PLGA particles (50:50, 15 kDa) (2% w/v dissolved in 

DCM/ethanol (70:30 v/v) and nano spray dried at 29 °C) (Schafroth, 2010; Schafroth et al., 2012). 

(C) Dexamethasone-loaded PLGA particles (50:50, 40 to 75 kDa, 1.5% w/v in DCM/ethanol 

(70:30 v/v) for the treatment of inflammation (Schafroth, 2010; Schafroth et al., 2012).  

(D) Nimodipine-loaded PLGA particles (50:50, 7 to 17 kDa, 0.6% w/v in DCM) for suspension in 

fibrin sealant as an in-situ forming depot system for treatments in brain surgery (Bege et al., 2013).  

(E) Nano-in-nanoparticles made of PEG-PLGA (100 kDa) and PLGA (100 kDa) loaded with 

human serum albumin primary nanoparticles containing siRNA (Amsalem et al., 2017).  

(F) Simvastatin-loaded PLGA particles for the treatment of breast cancer (Anzar et al., 2018). 

(G) Composite particle fabricated from aqueous suspension containing sildenafil-loaded PLGA 

nanoparticles (Beck-Broichsitter et al., 2012). 

(H) Round and regular shaped PLGA (50:50, 8 kDa) particles prepared from 0.7% (w/v) acetone 

solution with 1.18% (w/v) of Span®60 as stabilizer (Draheim et al., 2015).  

(I) Spherical PLA (10 to 18 kDa) particles from a 2% (w/v) solution in DCM with a 4.0 μm spray 

mesh (Büchi Labortechnik AG, 2009).  

(J) PLGA (50:50, 8 kDa) carrier particles (1% w/v, 5.5 μm spray mesh) for the immobilization of 

horseradish peroxidase enzyme in waste-water treatment (Dahili and Feczkó, 2015).  

(K) Nano spray dried PLGA (50:50, 24 to 38 kDa) particles for surface coating of small medical 

implants (Baghdan et al., 2018).  

(L) Submicron PLGA (50:50, 38 to 54 kDa) spheres obtained from 0.1% (w/v) solution in 

acetonitrile/water (95:5) and 0.005 % sodium acetate (Büchi Labortechnik AG, 2017). 
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As shown in Fig. 2 (G) the surface of the composite particles was decorated by individual 

nanoparticles and thus exhibited a large specific surface area. The aerodynamic properties were 

suitable for deep lung deposition (particle size ≤ 4 μm) and the entrapped drug was released within 

about 1.5 hours.  

In another application, Bege et al. (2013) encapsulated nimodipine in PLGA particles by nano 

spray drying. Nimodipine is a substance that regulates the dilatation of blood vessels. The nano spray 

dried particles ranged from 1.9 to 2.4 µm (Fig. 2 D) and were suspended in a fibrin sealant as an in 

situ depot system for treatments related to brain surgery. The fibrin glue is biodegradable and stable in 

the cerebrospinal fluid inside the brain and the spine. Nimodipine loads of 10 to 40% and high 

encapsulation efficiency of 93 to 98% could be achieved, which make the depot forming system 

promising for the local treatment of cerebral vasospasm after a subarachnoid hemorrhage (bleeding). 

Amsalem et al. (2017) loaded primary human serum albumin (HSA) nanoparticles (about 100 nm) 

with small interfering RNAs (siRNA) and encapsulated the suspension in PLGA and PEG/PLGA 

biopolymers by nano spray drying. By using acetonitrile (boiling point of 82 °C) with a total solids 

content of 0.13% (w/v) and 50/38 °C inlet/outlet temperature, a reproducible nano spray drying 

process was achieved avoiding thermal damage to the heat-sensitive siRNA. The produced solid nano-

in-nanoparticles had a mean size of about 580 to 770 nm and showed a stable spherical shape with 

uniform surfaces and a unique internal morphology (Fig. 2 E). SEM revealed many encapsulated 

siRNA-loaded nanoparticles embedded within the PLGA polymer. This unique method of double 

nano-encapsulation to protect and control the release of active siRNA is considered promising for the 

treatment of a variety of genetic disorders and for the silencing transcription during gene expression. 

In the application area of new cancer chemotherapeutics, Anzar et al. (2018) explored nano spray 

drying for the encapsulation of simvastatin in PLGA polymeric submicron particles for the effective 

treatment of breast cancer. The process parameters were optimized to obtain dried spherical particles 

of 240 nm to 260 nm size utilizing a 7.0 m spray mesh (Fig. 2 F). An encapsulation efficiency of 

63% was obtained. In vitro cytotoxicity studies revealed an enhanced anticancer activity with 

increasing drug concentration and exposure time. Overall, the nanoparticles were found to be 

appropriate for the treatment of solid tumor, e.g. breast cancer via intravenous administration. 

Panda et al. (2014) co-entrapped the antipsychotic drugs clozapine and risperidone in about 235 to 

260 nm PLGA nanoparticles by nano spray drying and observed sustained drug release profiles in 

vitro over several days. The release kinetics of the drugs encapsulated in PLGA polymers with a low 

molecular weight were faster (about 80% release in 10 days) compared to those with a high molecular 

weight (about 60% release in 10 days), due to the higher hydrolysis and degradation rate. The prepared 

particles could be used as an injectable formulation to cross the blood-brain barrier for the treatment of 

psychotic disorders, such as Schizophrenia.  

Baghdan et al. (2018) presented a novel approach for coating small medical implants (e.g. dental 

implants) with nanoparticles of different biomaterials using nano spray drying. In this study, the dental 

implants were fixed on the electrostatic collector using conductive adhesive carbon tabs and PLGA 

particles were produced and deposited on the implants in a single-step. SEM showed spherical PLGA 

particles with a smooth surface in the range of 300 nm to 1.5 m with a peak size of about 615 nm 

(Fig. 2 K). 

 

4. Conclusions 

The analyzed studies show the potential of producing PLGA particles from approx. 2 μm to below 

200 nm by nano spray drying, as well as the encapsulation of macromolecular therapeutics in in 

spherical particles and nano-in-nanoparticle composite structures made of biodegradable PLGA 

polymers for controlled drug delivery systems. 

Nano spray drying offers new possibilities for particle design and drug formulation, in the form of 

nano-micro composite particles from preformed nanoemulsions and nanosuspensions, hollow 

microparticles with nanoparticle-containing shells, or compact spheres from diluted solutions. The 

gentle drying conditions favor the production of typically spherical particles with a smooth or 

structured surface. 

The researched application fields are particularly the treatment of inhalation diseases (e.g. with 

sildenafil), inflammations (e.g. with dexamethasone), cancer (e.g. with simvastatin), immune diseases 
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(e.g. with cyclosporine), genetic disorders (e.g. with siRNA-loaded nanoparticle therapeutics), the 

regulation of vasodilatation (e.g. nimodipine) or the surface coating of medical implants with 

biocompatible PLGA nanoparticles loaded with active substances.  

The nano- and submicron particles improve the bioavailability and release of bioactive components 

and drugs because of a higher surface volume, a higher penetration rate into the cells, higher stability, 

and the possibility of targeted release. 

Depending on the application, an optimized set of process parameters is found. The most important 

parameters are the inlet and outlet drying temperatures, the drying gas flow rate, the spray mesh size, 

the solids concentration, stabilizers and the organic solvent type. This gives bioengineers a whole 

range of formulation playgrounds. Dichloromethane, acetonitrile, or ethyl acetate are frequently used 

in the feasibility studies to dissolve the biopolymers. It is important that the outlet drying temperature 

does not exceed the glass transition temperature of the PLGA biopolymer to prevent softening and 

reducing the yield.  

Factors influencing the release of the active ingredient from PLGA particles are in particular the 

type of biopolymer, the ratio of lactide to glycolide, and the particle size. Smaller particles have a 

higher release rate than larger ones due to the difference in exposed surface area. In addition, the 

release kinetics in low molecular weight PLGA polymers is faster than in high molecular weight 

PLGA polymers due to higher hydrolysis and degradation rates 

It is foreseeable that the encapsulation of active pharmaceutical ingredients in PLA/PLGA 

biopolymers by nano spray drying will continue to increase with the widespread use of laboratory 

equipment. In particular, nano spray drying technology is relatively easy to use, very versatile and 

allows parameter studies to be carried out on a laboratory scale.  

In order to further explore the potential of nano spray drying, it is desirable to transfer this 

technology to industrial scale to process larger quantities of powder. Further technological innovations 

in atomizer technology are expected to further reduce particle size. 
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