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Abstract: Traditional Chinese medicine (TCM) preparations have made tremendous progresses in moderniza-
tion, whereas there exist relatively few researches pertaining to preparation structures. As demonstrated by the
theory and practice of structure pharmaceutics, the structure properties of dosage forms have significant influences
on the quality and efficacy of drugs, which might offer reference for the research and development of TCM dosage
forms. With the application of synchrotron radiation X-ray micro-computed tomography (SR-uCT) and other novel
technologies in recent years, researches in structure pharmaceutics have made huge advancement, which provide
reference and methodology basis for the study of TCM preparations. The article generalized and summarized the
recent progresses and methods in the structure researches of pharmaceutics and TCM preparations, and further
explored the significance of the researches of structure of TCM preparations. It is expected to provide the basis
for the dosage form design, production process improvement, and quality evaluation of TCM and promote the
modernization of TCM preparations.
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Figure 1 The structural characteristics of osmotic pump tablets. A: Some classic structures of osmotic pump tablets; B: The scanning electron

microscopy (SEM) and atomic force microscopy (AFM) micrographs of the isolated membranes. (Adapted from Ref. 16 with permission.

Copyright © 2016 Elsevier); C: The 3D structures of laser drilled orifices from osmotic pump tablets imaged by synchrotron radiation X-ray
micro-computed tomography (SR-uCT). (Adapted from Ref. 17 with permission. Copyright © 2016 Elsevier). OP-DDS: Osmotic pump

drug delivery system
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Figure 2 The 3D structures of pellets compressed tablets imaged using SR-uCT. A: Theophylline multiple-unit pellet system tablets.

(Adapted from Ref. 20 with permission. Copyright © 2018 American Chemical Society); B: Metoprolol succinate sustained-release tablets.
(Adapted from Ref. 21 with permission. Copyright © 2020 Elsevier). THEO: Theophylline; SUC: Sucrose; LAC: Lactose; SLS: Sodium lauryl

sulfate; GEM: Glyceryl monostearate
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Figure 3 The 3D structures of matrix tablets imaged using SR-uCT. A: Felodipine gel-forming matrix tablets. (Adapted from Ref. 23 with

permission. Copyright © 2013 American Association of Pharmaceutical Scientists); B: Chitosan-anionic polymers based matrix tablets.

(Adapted from Ref. 24 with permission. Copyright © 2020 Elsevier)
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Figure 4 The 3D precise structures of pellets imaged using SR-uCT. A: Tamsulosin hydrochloride sustained-release pellets. (Adapted from
Ref. 30 with permission. Copyright © 2014 American Association of Pharmaceutical Scientists); B: Partial magnification of a 2D slice of
the theophylline multiple-unit pellet system tablet (ML: Matrix layer, PCL: Protective cushion layer, PL: Pellets, PC: Pellet core, DL: Drug
layer, CL: Coating layer). (Adapted from Ref. 20 with permission. Copyright © 2018 American Chemical Society); C: Metoprolol succinate
sustained-release single pellets. (Adapted from Ref. 21 with permission. Copyright © 2020 Elsevier B.V.); D: Esomeprazole magnesium enteric
coated pellets (left) and omeprazole magnesium enteric coated pellets (right). (Adapted from Ref. 22 with permission. Copyright © 2021
Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical Sciences. Production and hosting by
Elsevier B.V.)
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Figure 5 The 3D structures of particles imaged using SR-uCT. A: Influence of the time of rotations on the mixed granular system.
(Adapted from Ref. 32 with permission. Copyright © 2013 Elsevier B.V.); B: The 3D images of stearic acid (SA) particles in different kinds
of glipizide tablets, location of the total SA particles in tablets (a, c, €), a partial enlarged view of SA particles (b, d, f). SA in reference listed
drug (a, b), unmodified (c, d) and reprocessed tablets (e, f), respectively. (Adapted from Ref. 33 with permission. Copyright © 2019
Shenyang Pharmaceutical University. Published by Elsevier B.V.)



B A SR A G v A R S5 M U e © 2075 -

Figure 6 The 3D images of microcapsules and microspheres by SR-uCT. A: The internal structures of microcapsules. (Adapted from Ref.

34 with permission. Copyright © 2018 Elsevier B.V. All rights reserved); B: The images of air-cooling microsphere (a, d), water-cooling

microspheres (b, €) and citric acid solution-cooling microsphere (c, f). (Adapted from Ref. 37 with permission. Copyright © 2018 Shenyang

Pharmaceutical University. Published by Elsevier B.V.)
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Figure 7 Dynamic structural features of formulations visualized by SR-uCT. A: The 3D images of felodipine monolithic osmotic tablets at

different sampling time. (Adapted from Ref. 38 with permission. Copyright © 2012 Elsevier B.V.); B: The 3D images of the hydration layer

of felodipine gel-forming matrix tablets during dissolution. (Adapted from Ref. 23 with permission. Copyright © 2013 American Association

of Pharmaceutical Scientists); C: The quantitative analysis of the hydration layer of felodipine gel-forming matrix tablets during dissolution.

(Adapted from Ref. 23 with permission. Copyright © 2013 American Association of Pharmaceutical Scientists); D: The 3D images and

hydration dynamics of chitosan-4-carrageenan (CS-A-CG) matrix tablets during dissolution. (Adapted from Ref. 24 with permission. Copyright

© 2020 Elsevier B.V.); E: Dynamic structure of single pellets of metoprolol succinate sustained-release tablets at different sampling time.

(Adapted from Ref. 21 with permission. Copyright © 2020 Elsevier B.V.); F: Dynamic structure of omeprazole magnesium enteric coated

pellets during dissolution. (Adapted from Ref. 22 with permission. © 2021 Chinese Pharmaceutical Association and Institute of Materia

Medica, Chinese Academy of Medical Sciences. Production and hosting by Elsevier B.V.)
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Figure 8 Substances distribution of single microspheres (MS) and osmotic pump coating membrane derived using synchrotron radiation-

based Fourier-transform infrared spectromicroscopy (SR-FTIR) mapping. A: The distribution of drugs and excipients in single microspheres

based on spectral images constructed using the relative ratio. (Adapted from Ref. 39 with permission. Copyright © 2015 Chinese Pharmaceu-

tical Association and Institute of Materia Medica, Chinese Academy of Medical Sciences. Production and hosting by Elsevier B.\V.); B: The

spectra and chemical mapping of the membranes in osmotic pump. (Adapted from Ref. 16 with permission. Copyright © 2016 Elsevier B.V.)
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Figure 9 Light source applied in various imaging technologies
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Table 1 The classification, features and application range of technologies in structure study. PXRD: Powder X-ray diffraction; SAXS: Small

angle X-ray scattering; MRI: Magnetic resonance imaging; LSCRM: Laser scanning confocal Raman microscopy; MOST: Micro-optical

sectioning tomography

Classification  Nomenclature

Advantage

Disadvantage

Application range

Electron
microscope

2D imaging
technologies
Characterization PXRD
technologies

associated to SAXS
structural
features
Laser
granulometry
3D imaging MRI
technologies
THz imaging
LSCRM
SR-uCT
MOST,
f-MOST

High magnification

Fast and precise

Wide application range and applicable
to solid and liquid specimen

Fast to test and easy to operate, wide
application range, high repeatability
and authenticity

Stereoscopic imaging, back projection
technology and nuclear magnetic reso-
nance principle

High penetrating capability, wide mea-
surement range, small sample volume
and non-destructive measurement

High spatial resolution and contrast,
non-destructive

High spatial resolution and contrast,
non-destructive analysis, quantitative
characterization of structural parameters
High throughput, sub-micron level,
mostly used for medical imaging

Difficult to prepare specimen and
unable to characterize stereoscopic
structures

Susceptible to interference and
overlap peaks

Not applicable to thick specimen
or specimen loaded in complex
containers

High laser emission power;
difficult to obtain spectrum

Laser may burn samples, cosmic
ray and fluorescence interference

Applications in the field of
preparation structure deserve
further exploration

0.1-1 mm, superficial and inner
structures of preparations

Identification of multi-crystalline
structures

1-1 000 nm, shape and size
distribution of particles; analysis in
microstructures

Determination of powder and size
of particles

High quality imaging inside the
human body, molecular microscopic
chemical and physical information
Identification and quantification of
polymorphism, phase change
monitoring, characterization of
hydrate morphology and tablet
coating research

Sample spatial distribution, relative
quantity of components, stress and
strain state, crystallinity and
polymorphism, etc.

Micron to submicron, in situ and
non-destructive structure analysis of
preparations

Neuroscience, distribution of drugs
in tissues
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Figure 11 Traditional Chinese medicine effervescent tablets with
innovative structure. A: Schematic structural image of a ring form
punched effervescent tablets with connecting bands; B: The
physical map of effervescent tablets
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