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Executive Summary

Poor solubility has become an increasingly critical barrier to oral bioavailability and clinical success, driven by the growing complexity of New
Chemical Entities (NCEs). Contract Research, Development, and Manufacturing Organizations (CRDMOs) play a pivotal role in overcoming this
challenge by implementing advanced enabling formulation technologies. Among the diverse enabling formulation technologies available
today, spray drying, and nano-sizing-based approaches represent the two most widely adopted strategies for improving the solubility and
bioavailability of poorly soluble NCEs.

At Aragen Life Sciences, we leverage material science, pharmaceutics, and particle engineering concepts to design scalable, high-
performance nanosized formulations specifically tailored for poorly soluble NCEs. This white paper outlines the fundamental principles and
development strategies underlying nanosizing technologies, while emphasizing their practical translation from the lab to clinic settings.

Introduction

Assignificant majority of NCEs in discovery pipelines exhibit poor water solubility, which can prevent even the most promising drug
candidates from achieving therapeutic concentrations in vivo. As molecules become more complex, the frequency of poor solubility issues
continues to rise, posing substantial challenges during drug development and clinical translation.

To address these hurdles, a range of enabling formulation technologies have been explored. Foremost among them are spray drying—which
creates amorphous solid dispersions—and nanosizing-based approaches, such as nanocrystal and nanosuspension formulations. Among
these technologies, nanosizing offers a powerful approach by improving dissolution kinetics through particle size reduction, increased
surface area, and curvature-induced solubility enhancement. While spray drying enables the creation of amorphous solid dispersions,
nanosizing technologies provide a distinct yet complementary pathway by significantly increasing surface area and thereby enhancing local

solubility and dissolution rates.

Evidence from peer-reviewed literature and industry surveys indicates that collectively amorphous solid dispersions (ASDs) and nanocrystal
formulations constitute the majority of enabling formulation approaches employed for Biopharmaceutics Classification System (BCS)
compounds—Class Il and 1V, advancing through clinical development. Selection between these platforms is typically informed by the
specific physicochemical properties of the Active Pharmaceutical Ingredient (API), desired dose loading, formulation stability, and targeted
pharmacokinetic profile.

At Aragen Life Sciences, our nanosizing programs are designed with end-to-end integration, encompassing everything from pre-formulation
screening to identification of proof-of-concept drug products for clinical evaluation.
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Particle Size-Linked Dissolution Fundamentals

The Noyes-Whitney equation describes dissolution as a function of surface area (A), saturation solubility (Cs), and diffusion properties:
dC/dt=(D-A-(Cs-C))/h

Two critical insights from this equation inform particle size strategies in formulation:

. Surface Area: Reducing particle size increases surface area (figure 1), thereby accelerating the dissolution rate—a principle that
underpins traditional micronization strategies in formulation development. Beyond simply increasing surface area (A), nanosizing
introduces an additional advantage (at nanoscale)—enhanced particle curvature raises the saturation solubility (Cs) at the particle
surface due to thermodynamic effects.
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Figure 1: Illustration to show direct influence of surface area increments in nanosized structures
(Source: Chaudhari, S. et al., 2013. A review on polymer TiO2 nanocomposites. Int J Eng Res Appl, 3(5), 1386-1391.).

. Curvature Effect (Nano-size Impact): When particles are reduced to a submicron or nanoscale range, the curvature of each particle
becomes increasingly important. Unlike surface area, which is affected by size reduction, particle curvature directly impacts the
saturation solubility (Cs). According to the Kelvin equation, smaller particles with greater curvature have higher surface free energy,
which increases the chemical potential at the particle interface. As a result, the saturation solubility (Cs, r) of nanoparticles is elevated
compared to that of larger particles (Cs, o) of the same compound.
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This dual impact—enhancing both surface area and saturation solubility (figure 2) makes nanosizing a powerful enabler in improving
dissolution rates, as defined by the Noyes-Whitney equation.
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Figure 2: Impact of particle size reduction on surface area and solubility.
(Source: Alshora, D. H. et al., 2016. Nanotechnology from particle size reduction to enhancing aqueous solubility.
In Surface chemistry of nanobiomaterials (pp. 163-191). William Andrew Publishing.).

The convergence of geometric (surface area) and thermodynamic (saturation solubility) enhancements expand the possibilities for poorly
soluble compounds. This dual impact is pivotal in achieving supersaturation in vivo, producing the well-known “spring and hover” effect,
where rapid initial dissolution (spring) is followed by sustained supersaturation (hover) using precipitation inhibitors or stabilizing polymers.

Nano-Systems in NCE Development: Nanocrystals, Nanosuspensions, and Nanoparticles

In the field of poorly soluble NCEs, several types of nano-systems are employed to enhance solubility and bioavailability, with
nanosuspensions, nanocrystals, and nanoparticles being the most prominent. While these terms are often used interchangeably, they refer
to distinct systems with specific characteristics.

Nanocrystals are pure drug particles, typically ranging from 100-500 nm in size, stabilized by surfactants or polymers to prevent aggregation.
They retain their crystalline structure and offer enhanced dissolution by increasing surface area and leveraging curvature-induced increases
in saturation solubility. Nanocrystals are usually processed further through downstream operations to obtain the final dosage form.

Nanosuspensions are nano-sized drug particles dispersed in water with the aid of surfactants and/or polymers, forming a physically stable
colloidal system. They are particularly advantageous for high-dose, poorly soluble drugs—often in preclinical formulations such as oral
liquids, concentrated suspensions, or semi-solids forms. If required, nanosuspensions can be converted into powder or solid dosage forms
using subsequent downstream processes like top spray or spray drying.

In contrast, nanoparticles generally refer to more complex systems in which the drug is encapsulated or embedded within a polymeric
or lipid matrix (e.g., polymeric nanoparticles, solid lipid nanoparticles). These systems not only improve solubility but can also provide
controlled release, targeted delivery, or enhanced permeability, depending on their design.

The selection among these nano-systems depends on the specific properties of the drug, the desired release profile, regulatory
considerations, and the feasibility of manufacturing for clinical development.

Stabilization Strategies: Overcoming Challenges of Nano-Systems

Nanosized drug particles are thermodynamically unstable and prone to aggregation or recrystallization. Effective stabilization is critical for
maintaining formulation performance and shelf life. Key stabilizing approaches include:

. Steric stabilization using polymers (e.g., HPMC, PVP, Soluplus®)
. Electrostatic stabilization with charged surfactants (e.g., SLS, poloxamers)
. Hybrid approaches combining both steric and electrostatic mechanisms

At Aragen Life Sciences, we perform comprehensive excipient screening and drug-excipient compatibility studies to identify optimal
stabilizers that prevent Ostwald ripening, aggregation, and sedimentation during formulation and storage.
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Technology Platforms for Nanosizing

Avariety of techniques are available to achieve nanosized NCEs, mostly via top down or bottom-up particle engineering concepts, as
depicted in figure 3. Technology selection depends on compound properties, scale, and target dosage form.

Top-Down Approaches
. Wet Media Milling: High-shear grinding using beads to reduce particle size (100-500 nm).

. High-Pressure Homogenization: Forcing drug suspensions through narrow gaps under high pressure (up to 1500 bar) to break down
crystals.

Bottom-Up Approaches

. Precipitation/Nanoprecipitation: Rapid anti-solvent addition yields nanoparticles under controlled conditions.
. Controlled Crystallization: Fine-tuning parameters to form small, uniform drug particles.

Hybrid and Advanced Methods

. Combinative Technologies: Methods such as precipitation followed by milling to achieve optimal particle characteristics.
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Figure 3: Schematic representation of the nanosuspension preparation methods
(Source: Pinar, S. G. et al., 2023. Formulation strategies of nanosuspensions for various administration routes. Pharmaceutics, 15(5), 1520.).
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Critical Parameters and Developability Considerations

For successful development of nanosized drug products, the following parameters are critical:

Particle Size Distribution (PSD): Must be optimized for dissolution while minimizing aggregation.
Zeta Potential: Provides a key indicator of colloidal stability.
Excipient Compatibility: Avoids unwanted polymorphic transitions and solubility-limiting interactions.

Dosage Form Translation: Ensures redispersibility and stability in final pharmaceutical forms such as capsules, sachets, suspensions,
or tablets.

At Aragen, we employ integrated pre-formulation tools and scale-down batch runs to streamline the pathway to clinical readiness.

From Lab to Clinic: Manufacturing and Scalability

Advancing nanosizing approaches from the laboratory to GMP manufacturing requires careful consideration:

Selection of technology depends on the API’s physicochemical properties and assessment of process-induced transformations
(e.g., partial amorphization).

Stabilizer selection and concentration are critical to maintaining both physical stability (preventing aggregation) and chemical
integrity.
Downstream processing techniques—such as spray drying, fluid bed coating, or lyophilization—enable the conversion of

nanosuspensions into solid oral dosage forms.

Critical Quality Attributes (CQAs) and Critical Process Parameters (CPPs) control must be tightly controlled, including energy input,
milling time, and stabilizer concentration.

Conclusion

Nanotechnology and particle size reduction represent a frontier for enabling the clinical success of poorly soluble molecules. By addressing
both thermodynamic (saturation solubility) and kinetic (surface area) barriers, nanosizing strategies offer a robust toolkit for unlocking the
full bioavailability potential of NCEs.

About Aragen

At Aragen Life Sciences, we combine scientific rigor with operational excellence to deliver scalable, high-performance nanosized
formulations, accelerating drug development, streamlining clinical timelines, and driving commercial success.

We offer end-to-end support throughout formulation design, material characterization, and early-phase manufacturing to enable
effective nanosizing development. To further strengthen our capabilities, we are expanding our advanced equipment portfolio
with the addition of high-pressure homogenizers, media mills, and cGMP-compliant suspension handling systems.
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Aragen is a trusted R&D and manufacturing partner to the global life sciences industry. From concept to commercial, we transform your ideas into solutions for better health. We
have more than 20 years of experience providing a range of contract research, development and manufacturing services across the drug development continuum, with a focus on
early-stage discovery and development of new molecular entities (NMEs). Whether large pharma or biotech, an agrochemical or animal health company, we provide you global
resources and proven capabilities at every stage of the biopharma lifecycle, in small and large molecules. Our ability to offer end-to-end solutions or support standalone programs is
underpinned by an innovation mindset, enabling technologies, and a partnership approach to every engagement.

At Aragen, we recognize your work is vital, urgent and impacts lives. Our purpose, ‘In every molecule is the possibility for better health’ motivates us to drive the success of your
programs, so that we can together transform hope into health for millions of people around the world.
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