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Abstract: Small-angle neutron scattering (SANS) is a non-destructive structural characterization technique
based on neutron-matter interactions, capable of providing microstructural information at the nanometer to micrometer
scale (1 -1 000 nm), including particle size distribution, morphological features, internal phase structures, and
intermolecular interactions in pharmaceutical formulations. With the rapid development of nanodrug delivery
systems (e. g., liposomes, polymeric micelles, lipid nanoparticles) and biologics (e. g., monoclonal antibodies,
mRNA vaccines), conventional characterization techniques (e.g., electron microscopy, dynamic light scattering)
face limitations in analyzing complex drug systems. Owing to its high sensitivity to light elements, exceptional
penetration depth, and isotope discrimination capability, SANS offers unique advantages for probing the
microstructure of pharmaceutical formulations. This review systematically summarizes recent advances in SANS
applications for drug characterization, focusing on its pivotal role in elucidating the structure of nanodrug carriers,
monitoring conformational dynamics of biologics, and investigating the self-assembly behavior of active
pharmaceutical ingredients (APIs). Furthermore, the challenges of SANS in sample preparation, data analysis, and
facility accessibility are discussed, along with future perspectives on integrating SANS with emerging technologies
such as artificial intelligence and multiscale modeling. This review aims to provide new insights and technical
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support for the rational design and performance optimization of advanced drug formulations.
Key words: small-angle neutron scattering; pharmaceutical formulation; nanodrug delivery system; micro-

structural characterization; biologics
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Table 1 The basic characteristics of SAXS and SANS. SAXS: Small angle X-ray scattering; SANS: Small angle neutron scattering

Characterization Wavelength Scattering
. Scale/nm Feature
technique (A)nm angle (6)/°
SAXS 0.01-0.5 0.05-20 1-300 Suitable for samples with high electron density, offering strong penetration
power and ideal for large-scale structural analysis, but less effective for
low-contrast samples
SANS 0.1-2 0.15-30 1-300 Ideal for light-element (hydrogen, deuterium) samples, providing high

contrast and localized structural information, but with weaker penetration
power, making it more suitable for smaller samples
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Figure 2 Comparison of the scattering length density profile
of liposome for X-ray (left) and neutron (right). R, = 450 A, 1, =
54 A; t. =28 A; Pon = 3.5%10" em™; Pon = -0.208x10"" cm™; Pon =
6.4x10" ecm?; p, = 13.2x10" em?; p, = 7.6x10" cm?; p =

9.33x10'" cm™. Adapted from Ref. 27 with permission
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Figure 3 SANS on poly(lactic-co-glycolic) acid-polyethylene

glycol (PLGA-PEG) nanoparticles used to elucidate the structure
as fractal micelles forming a nanoparticle. A: SANS patterns from
PLGA-PEG nanoparticles prepared with solvent MeCN at two
solvent contrasts; B: SANS patterns from PLGA-PEG nanopar-
ticles prepared with different organic solvents; C: Schematic
representation of the internal structure of PLGA-PEG nanoparticle.
Adapted from Ref. 37 with permission. Copyright © 2015, American

Chemical Society
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Figure 4 Schematic of competition between aggregation and microphase separate during the preparation pathway of lipid nanoparticles

(LNP). DSPC: Distearoylphosphatidylcholine; DMG-PEG: 1,2-Dimyristoyl-sn-glycero-3-methoxypolyethylene glycol. Adapted from Ref.

44 with permission. © 2024 The Author (s). Published by Elsevier Ltd.
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Figure 5 Proposed phase transitions of the artefenomel mesylate as a function of concentration in water. Adapted from Ref. 56 with

permission Copyright © 2018 American Chemical Society
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