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Multi-modal Dissolution Testing System 
for Pharmaceutical Tablets
H. Jesney , I. Khadra , J. Mann  , R. Barker   and D. Markl

Introduction and Aims
The fundamental processes that underpin disintegration and dissolution are
highly complex and poorly understood [1]. As disintegration and dissolution play key
roles in drug release, it is essential to gain a better understanding of:

Results and Discussion

Future WorkConclusion
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Optical coherence tomography (OCT) has been integrated
with a bathless direct heating vessel and stirrer to create a
system that mimics a standard USPII dissolution system. Off-
line UV-Vis is used to analyse dissolution samples.

• High resolution imaging technique that 
captures 2D and 3D cross-sectional 
images at high speed (up to 200 2D 
images per second)

• Image contrast results from variations in 
the refractive index at the interface of 
different materials

What is Optical Coherence Tomography?

Methods

Figure 1 – A simplified diagram of the experimental set-up and areas of interest. A is an OCT B-scan
of a tablet undergoing dissolution testing in the novel set-up. A1 is interface between the tablet surface
and the dissolution medium. A2 is a disintegrating particle falling to the bottom of the vessel. A3 is a
section of the tablet that A2 is blocking the light to, leading to an incomplete image of the surface.

Manual 
sampling 
cannula

• Stop sample movement under 
stirring conditions

• Accurate and consistent sample 
placement

Integration of other analytical probes including FBRM,
pH monitoring, UV-Vis auto-sampling and in-situ                
Raman spectroscopy.

,   Analysis of a variety of formulations, with a focus on
those that have issues relating to disintegration and 
dissolution.
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Optical coherence tomography has been successfully
integrated with a bathless direct heating vessel as the first
step in the development of a unique analytical system.
Integration of additional analytical probes will enable greater
information to be gained and will aid in the overall goal of
furthering the understanding disintegration and dissolution.
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Figure 3 – System validation data. Percent drug release for 200 mg (20 % w/w
paracetamol) tablets in pH 5.8 phosphate buffered saline, in three
experimental set-ups. 𝑁𝑁 = 3. Error bars represent standard deviation.
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AWhat is being measured and why?

• Hold the 
tablet off the 
bottom of 
the vessel Figure 2 – A 3D rendering of the sample 

holder that is held in place at the bottom 
of the vessel by magnets (see Figure 1).

Why is a Sample Holder Needed?

Liquid penetration and tablet swelling to 
establish the relationship between drug 
release and these mechanisms for any 
formulation undergoing testing.

Figure 4 - Time series OCT images of 200 mg tablet (20 %
Paracetamol, 79 % MCC and 1 % MgSt). OCT/Dissolution
system with tablet in holder. pH 5.8 phosphate buffer. Scale
bar in first image (2 s) true for all images

• how they relate to each other
• the factors that influence them

This project aims to develop a novel multimodal sensor system that is capable of
resolving the key processes, as well as how these processes are linked to
microstructure, formulation and raw material attributes.
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• these processes
• the synergistic mechanisms

that contribute to them
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The particle (A2) 
in Figure 1 is 

actually an image 
artefact but 
presents an 
interesting 

opportunity to 
measure the size 
of disintegrating 

particles.

Interesting 
fact!
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Developing Framework for Flexible and 
Robust Real-Time Release Testing 
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Right First-Time Manufacturing of Pharmaceuticals (RiFTMaP) 

Pilot plant 
campaign 2 

Cha llenging 
specifications 

Process parameter Quolityottribute 

Robust operating space 

Robust and 
Hexible real-lime 
release testing 

Increased opportunity to implement RTRT in manufacturing lines due to advances in process 
analytical technology and digital manufacturing. fl/ 

A three-year, £1.Sm EPSRC collaboration between the University of Sheffield, 
University College London, University of Strathclyde and Purdue University. 

Developing right-first-time smart manufacturing systems incorporating Industry 4 .0 
concepts within a systematic framework for smart continuous manufacturing. 

Development of a framework and computational tools for optimal design of pharmaceutical 
processes with real-time process management system and a flexible real-time release 
framework, all verified at pilot scale. 
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Fig 2 R1FTMaP WP4 Developmg flexible and robust RTRT framework 

Performance-Controlling Mechanisms of Tablets 
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Mechanisms determined by raw material 
properties and the process conditions 

Allows the identification of critical 
farmulatian and manufacturing parameters 
which influence the performance of a specific 
formulation 

♦°"'"'~· Ol : A.relhemljor tabletcomponentSsoluble? 
02:0oit-..m,jortablel componeni.<:1'9~,.pidly? 
03: 111he wettabllity high (low con1aCt angle & high porosity)? 

Use this knowledge to identify the appropriate 
sensors for RTRT 

Identifying the Critical Formulation & Manufacturing 
Properties 
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Predicting Performance 

~ Raw Material Properties 

Surface energy 
Particfe size & shape 
Moisture sorption 
Solubility & intrinsic dissofution rate 
True density & intra-particfe porosity 
Surface area 

! Performance of Tablets 

Compare and mode( dissolution 
profiles for a range of different AP/, 

formulations & manufacturing 
settings 

Development of data driven models to predict product performance 

Acknowledgements 
This work is part of a collaborative EPSRC-funded project which focuses on the Right-First Time 

Manufacturing of Pharmaceuticals (RiFTMaP). 
The authors would like to thank Dr James Mann, Mr Alexander Abbott, Ms Helen W illiams, Ms 

Heather Mead and Dr Ibrahim Khadra for their contributions. The work depicted in Figures 3 and 
4 was funded by EPSRC and AstraZeneca. 

References 
1. Mark(, D. et al. (2020) Review of rea(-time release testing of pharmaceutical tablets: State-of-the-art, cha/fenges, and future perspective. (n t J Pharm, 582, 119353. 
2. Madean, N. et af. (202 1) Expforing the performance-controffing tab(et disintegration mechanisms for direct compression formulations. (nt J Pharm, 599, 120221. 
3. Macfean, N. et af. (2022) Investigating the role of excipients on the physicaf stability of directly campressed tablets. In t J Pharm: X, 4, 100106. 

MCC - microcrystalline cellulose; DCPA - dibasic calcium phosphate anhydrous; CCS - croscarmellose sodium; XPVP - crospovidone; L-HPC - /ow-substituted hydroxypropyl cellulose; SSG - sodium 
starch glycolate; 9c,o - initial contact angle. 
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