
 

 

 

 

 
 

Summary 
Often inadequate absorption and bioavailability make it 

difficult to deliver the drug to the target in vivo and pose 

significant challenges to the discovery and development 

of new drugs. A number of delivery and formulation 

technologies can be used to improve the solubilization 

and absorption of drug candidates. However, many of 

these approaches require a significant amount of mate-

rial and are not suitable for application in the early drug-

discovery phase, where the availability of compound can 

be limited. Formulation strategies that can be applied on 

the small scale can help to identify and address critical is-

sues early in the drug-discovery process. 

In this application note we describe a method for early 

process development of a compound in nanoparticle for-

mat that is rapid and requires very little material. These 

qualities make it appropriate for implementation in the 

discovery phase where a nimble strategy is imperative. 

Introduction 
Drug nanosuspensions are a promising approach to for-

mulation1‒5 and consist of crystalline drug particles that 

are generally <400 nm in diameter suspended in aque-

ous solution. The nanocrystalline particles have a large 

surface area relative to their overall sizes, which results 

in a dramatically increased rate of dissolution, improved 

absorption rates and increased bioavailability.1,4,6 Due to 

their small particle size, nanosuspensions are amenable 

to a variety of administration routes, including oral deliv-

ery and direct systemic delivery via parenteral action or 

inhalation.7,8 

Nanoparticle formulations have been used successfully 

in the development and commercialization of several 

drug products.9‒11 However, it has been difficult to trans-

late this success into the drug discovery space, where it 

would be used to support the evaluation of multiple 

drug candidates, due to the often-prohibitive amount of 

material and time required to identify suitable nanosus-

pension formulations. The high-throughput drug-sparing 

technology described in this article enables the applica-

tion of optimized nanosuspension formulations in early 

drug discovery. 

 

Acoustic resonance milling effectively reduces solid compound to 

sub-micron particles, rapidly and in a small volume. 

Materials and Methods 

Reagents and solvents were obtained from commercial 

sources and used as received unless otherwise noted. 

Naproxen was obtained from commercial sources and used 

as received. 

Screening of nanosuspensions using acoustic mixing  

A UV-Star clear, flat-bottom 96-well plate with a total 

well volume of 350 μL was used as the mixing container. 

The wells were charged with 500 μm YTZ grinding media 
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(800 mg) from Tosoh. Drug solid (2 mg) was added to 

each well. Water (136 µL) was mixed with 10 μL of a 5% 

w/w stock solution of the appropriate polymer and 2 μL 

of a 1% stock solution of the appropriate surfactant as 

necessary. The aqueous mixture was then added to each 

well to form a drug suspension. Next, the 96-well plate 

was sealed using a PlateLoc thermal sealer and mixed 

with the LabRAM Resonant Acoustic mixer at 40% inten-

sity (~50 g acceleration) for up to 90 minutes. A 5 μL ali-

quot of the nanosuspension was taken and diluted to ap-

proximately 1 mg/mL concentration with water for parti-

cle size analysis. 

Nanoparticle size analysis 

Particle size measurements of the nanosuspensions were 

obtained using a DynaPro Plate Reader, which performs 

dynamic light scattering (DLS), in situ, in standard 96-, 

384- or 1536-plates. DLS is a rapid technique that ana-

lyzes the fluctuations of light scattering intensity due to 

Brownian motion to determine the diffusion coefficients 

of suspended nanoparticles. The diffusion coefficients 

are converted to a measure of size known as hydrody-

namic radius, Rh, via the Stokes-Einstein relation,  

𝑅ℎ = 𝑘𝐵𝑇 6𝜋𝜂𝐷𝑡⁄ , where kB is the Boltzmann constant, 

T is the absolute temperature,  is the viscosity of the 

solvent and Dt is the measured diffusion coefficient. The 

DynaPro Plate Reader’s size monitoring ranges from 0.5‒

1000 nm (radius). An example of a DLS nanoparticle size 

distribution is shown in Figure 1. 

 

Figure 1. Typical particle size distribution obtained using the regulari-

zation algorithm to analyze dynamic light scattering measurements. 

DLS data may be analyzed in two ways: the cumulants 

method provides an average size plus the polydispersity 

(distribution width), while the regularization method cal-

culates a complete size distribution, albeit with relatively 

low resolution. DYNAMICS software, provided with the 

DynaPro Plate Reader, automates the measurements and 

performs all the necessary calculations. After analysis, 

the particle size of the samples can be color-coded to 

display a heat map of the formulation compositions that 

give the smallest particle size (Figure 2). 

The nanosuspension samples were diluted to approxi-

mately 1 mg/mL concentration, and a 25 μL aliquot was 

dispensed into a low-volume, black polystyrene 384-well 

plate for analysis. The particle size of each sample was 

reported as an average of 10 acquisitions with an acqui-

sition time of 3 seconds at 25 °C. The autocorrelation 

curves obtained were fitted and the average particle di-

ameter, D50, and D90 were determined using the cumu-

lants or regularization model when appropriate. 

 

Figure 2. Heat map showing the particle size of various nanosuspen-

sion formulations prepared in a 96-well plate at 4 timepoints and  

analyzed in a 384-well plate using the DYNAMICS software on data 

acquired from the DynaPro Plate Reader. Green indicates smaller 

particle size, red larger particle size, and black the absence of nano-

particles (particles >1 μm). 

Results and Discussion 
Drug-nanosuspension formulations are often prepared 

using a top-down approach where the size of the drug 

particles is reduced to the nanometer scale in an aque-

ous suspension through the application of mechanical 

energy in media milling.1,13‒15 In these formulations, ad-

ditional additives such as polymers and surfactants are 
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typically required to stabilize the nanoparticles by ad-

sorbing to its surface and providing a steric or ionic bar-

rier to inhibit aggregation or agglomeration.1,13‒17 How-

ever, it is often difficult to determine the identity and 

concentration of the additive required, and the use of a 

non-optimal stabilizer may result in inefficient milling or 

poor stability of the nanoparticles. As a result, formula-

tion optimization is typically empirical and requires the 

evaluation of multiple formulation conditions, which can 

be a material- and time-consuming process.16 

To address this challenge, a procedure that screens and 

optimizes nanosuspensions in a high-throughput manner 

was developed using the Resonant Acoustic mixing sys-

tem.18‒21 In this technique, low-frequency, high-intensity 

acoustic energy is added to the container to homogene-

ously mix the contents in a low-shear gradient (Figure 3). 

Since the mixing process is applied homogeneously, con-

sistent results can be observed for a wide range of differ-

ent containers. 

Using this technique, a high-throughput approach was 

developed using a standard 96-well plate. The procedure 

requires only 1‒2 mg of compound per well. For applica-

tion in early discovery, where the available amount of 

drug is often limited, a small amount of drug can be used 

to evaluate a number of formulation options (e.g., as-

sessing five different formulation combinations would re-

quire <10 mg of drug). Later, a full optimization screen 

using the entire 96-well plate map design can be lever-

aged when compound availability is no longer a critical 

issue, facilitating a more comprehensive exploration of 

the optimal space for a nanosuspension formulation. 

While the generation of a large number of drug-nanosus-

pension formulations can now be undertaken rapidly, the 

analysis of the resulting products becomes a critical rate-

limiting step. The characterization of the final nanoparti-

cle size is used to identify the optimal formulation com-

position. To accommodate the high-throughput screen-

ing procedure, a complementary high-throughput analyt-

ical technique that uses a minimal amount of sample is 

required. 

High-throughput characterization of nanoparticle size 

can be accomplished by DLS with the DynaPro Plate 

Reader. In this method, a small aliquot of the nanosus-

pension formulations (e.g., 5 μL) was removed from the 

96-well plate and diluted in water to an appropriate con-

centration, typically 1 mg/mL, for analysis by DLS. The 

sample was then transferred to a 384-well plate for anal-

ysis on the DynaPro Plate Reader. The small amount of 

sample required for DLS analysis enables the evaluation 

of particle size at multiple time points to track the milling 

efficiency of a formulation over time (typically four time 

points). The DLS analysis time is very rapid, only 30 sec-

onds per sample. The optimal formulation composition 

can then be quickly identified by means of the DLS heat 

map, which is set to display the desired particle size 

range in green (Figure 2). 

Naproxen was nanomilled using this screening approach. 

As seen in Table 1, a range of nanoparticle sizes was ob-

tained depending on the polymer stabilizer system used. 

While smaller nanoparticles were observed with entries 

2‒3, significantly larger particle sizes and particle distri-

butions were seen with entry 4 using poloxamer 407 as a 

neutral surfactant. The optimal formulation composi-

tions can thus be quickly identified based on reduced 

particle size as well as monomodal particle size popula-

tions. 

Table 1. Average particle size and polydispersity of naproxen nano-

suspensions prepared using acoustic mixing in a 96-well plate. 

*HPMC: hydroxypropylmethyl cellulose; SDS: sodium dodecyl sul-

fate; HPC: hydroxypropyl cellulose; PVP: polyvinylpyrrolidone. 

Entry 

Polymer /  
surfactant  
additives* 

Naproxen  
nanoparticles 

D50 (nm) %Pd 

1 HPMC/SDS 144 23.2 

2 HPC-SL/SDS 127 22.7 

3 PVP K29-
32/SDS 

127 22.9 

4 Poloxamer 
407 

228 23.1 

5 Polysorbate 
80 

129 23.7 

1 HPMC/SDS 144 23.2 

 

Conclusions 
Suspensions of drug nanoparticles are a particularly at-

tractive formulation option in the drug-discovery space. 



 

Optimization of a drug-nanosuspension formulation re-

quires careful consideration of the polymer or surfactant 

additive used to stabilize the nanoparticles. Resonant 

acoustic mixing can generate a large number of different 

nanosuspension formulations in parallel with a minimal 

amount of material using a 96-well plate. The high-

throughput analysis of the resulting particle sizes can 

then be used to rapidly identify the optimal composition 

for the formulation. This approach can facilitate the use 

of nanosuspension formulations to support early studies 

in drug discovery and to address challenges with new 

drug candidates. 

More information on the DynaPro Plate Reader is availa-

ble from info@wyatt.com or www.wyatt.com/HT-DLS. 

 

Figure 3. Schematic showing the resonant acoustic mixing process, 

which results in more uniform transfer of energy homogeneously 

throughout the sample. (Image courtesy of Resodyn Acoustic Mix-

ers.)
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