
A sponsor company contracted Recipharm to develop a modified release fixed dose combination 
(FDC) product of existing molecules for treatment of a neurodegenerative disorder. There are two 
poorly soluble molecules in this combination product: one is a BCS class II molecule (A); and the 
other is a BCS class IV molecule (B). The concentration of both molecules is in a ratio of 1:10 in 
the existing formulation and the sponsor wished to develop a formulation with a similar rate of 
dissolution of both molecules.
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MODIFIED RELEASE FIXED DOSE COMBINATION 
PRODUCT WITH TWO POORLY SOLUBLE DRUG 
SUBSTANCES

SERVICES DELIVERED

 Solubility enhancement 

  �Formulation and process development of a  
combination drug product

 GMP manufacture for clinical study

 Documentation for product registration

PROJECT HIGHLIGHTS

 � Selection of suitable solubiliser for enhancing the  
solubility of both molecules

 � Selection of a polymer and solubiliser concentration to 
achieve a similar dissolution profile for both molecules

 � Completion of project on a compressed timeline  
(12 months)

 � Successful resolution of many challenges faced during 
product development

 � Supply of clinical samples at the right time

 � Submission of regulatory documents at the right time

PROJECT INITIATION

This was a complex project with respect to both formulation 
and time. The project was further complicated by the need 
to create a modified release formulation containing two 
poorly soluble molecules in the concentration of 10:1. Both 
molecules also needed to release at a similar rate once taken 
by the patient. 

As it was a modified release formulation, an in-vitro drug 
release test was a critical factor for success of the product 
and was also the most time-consuming part of the process. 

Considering the timeline and complexity of the project, a 
close project team was formed to resolve all technical issues 
effectively. This team comprised of experts from Recipharm’s 
various functions for proper planning and coordination 
during each stage of development. This included experts 
across formulation, manufacturing science and technology, 
analytical development, packaging and quality. 
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FORMULATION STRATEGY

The concentration of both molecules in the formulation 
needed to be 10:1. However, the solubility profile of each 
molecule was very different. Molecule (A)’s solubility was 
much lower in all media, while the solubility profile of 
molecule (B) was also poor, but pH dependent. This added 
to the complexity of the product as the target entailed both 
molecules releasing at a similar rate from the formulation. 

The challenge was the selection of a solubiliser and its 
concentration, in order to successfully solubilise both 
molecules. 

The solubility profile of both molecules, with and without 
solubiliser, is explained in figure 1.
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Figure 1: Solubility data of molecules.
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By studying the properties of both molecules, as well as 
the related literature, a hydrophilic matrix system was 
selected for formulation development using hydroxypropyl 
methylcellulose (HPMC) as a polymer. In this system, 
the drug release from the HPMC matrix is controlled by a 
diffusion mechanism from a gel layer. The drug release from 
the formulation can be controlled using a suitable grade of 
polymer, altering its concentration in the formulation and  
the other excipients as well.

FORMULATION DEVELOPMENT

Formulation development is usually initiated by identifying, 
assessing and establishing the quality target product profile 
(QTPP) and corresponding critical quality attributes (CQA). 
This remains the guiding point for formulation development. 
Based on experience and process knowledge, critical process 
parameters (CPP) and critical material attributes (CMA) of 
raw materials are identified for evaluation during formulation 
and process development. Risk assessment, such as failure 
mode effect analysis (FMEA), is also conducted based on 

experience and process knowledge. CMA, CPP and FMEA 
are evaluated at end of each stage during development and 
updated prior to the following stage commencing in order 
to establish the control strategy for formulation and process 
parameters.

In this project, the physico-chemical properties of the two 
molecules were evaluated by the team. The solubilities of 
these molecule were known to be low as they are BCS Class 
II and BCS Class IV molecules. The selection of suitable 
particle size for the API and of a suitable solubiliser are 
important factors to enhance the solubility of molecules. 
Molecule solubility was evaluated at different biological pH 
levels ranging from pH 1.2 to 12 with and without solubiliser 
(see figure 1). It was found that both molecules are soluble 
in pH 12 with solubiliser. As such, this pH was chosen for 
the dissolution media to discriminate formulations. The 
dissolution profile of the formulation without solubiliser and 
that of the prototype formulation with solubiliser is shown in 
figures 2 and 3 respectively. 

Figure 2: Dissolution profile of formulation without solubiliser in pH 12 dissolution media.
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Figure 3: Dissolution profile of prototype formulation in pH 12 dissolution media.

Figure 4: Dissolution profile of prototype formulation in biorelevant dissolution media.

The evidence clearly demonstrates that a solubiliser is 
required to enhance the solubility of both molecules as well 
as achieve the same release rate. The main absorption 
window of molecule B is the stomach and the upper part 
of the small intestine, whereas molecule A is absorbed 

throughout the gastrointestinal tract. So, to mimic in-vivo 
conditions, a new dissolution method was developed i.e, 0.1 
N HCl followed by a pH 6.8 phosphate buffer. The dissolution 
profile of the prototype formulation in biorelevant dissolution 
media is represented in figure 4.
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Suitable excipients were selected for formulation 
development by considering the API properties. Screening 
Design of Experiments (DOE) was then conducted to 
identify critical excipients. The CQA of these studies was 
the drug release from the formulation. Based on this, the 
formulation that provided the best dissolution profile was 
chosen for further study.

The proportions of the critical excipients were further 
optimised using full factorial designs and a design space 
was established. 

At the end of formulation development, FMEA and CMA 
were updated.

MANUFACTURING PROCESS DEVELOPMENT

Development of a simple and robust manufacturing 
process is key to the commercial success of a product. 
By taking this into consideration at an early stage in the 
project a risk assessment for the manufacturing process 
can be conducted to identify critical process parameters 
(CPP), scale dependent (SD) and scale independent (SI) 
parameters.

The most critical part of the process was found to be the 
uniform distribution of solubiliser over the API and in the 
formulation. Intimate contact of the solubiliser with the 
API governed the resulting solubility. So, a manufacturing 
process was developed to ensure that the solubiliser 
remained in the close vicinity of API. The solubiliser was 
dissolved in granulating fluid along with binder and this 

solution was used for the granulation of API along with 
other excipients.

A number of small-scale experiments were conducted 
employing the “one factor at a time” (OFAT) and screening 
DOE approaches to identify critical process parameters 
which could significantly impact CQA. By this approach, 
three critical process parameters could be selected from a 
large number of possible parameters. The critical process 
parameters were found to be: binder addition time; 
kneading time; and fluid uptake. The levels of these CPPs 
were further optimised by DOE approach to establish 
design space for them. Scale dependent (SD) and scale 
independent (SI) factors were also identified from these 
experiments. Then the design space for CPP and SD/SI was 
confirmed by executing one pilot scale batch.

Based on the knowledge gained during manufacturing 
process development, FMEA, CPP, SD/SI was updated. 

PACKAGING AND STABILITY TESTING

Tablets were packed in high-density polyethylene (HDPE) 
containers. Packed tablets were subjected for stability study 
in 25°C±2°C /60%±5%RH and in 40°C±2°C /75%±5%RH 
condition. This formulation is stable up to 12 months and 
the stability program is ongoing. Based on the available 
stability data, a 24 month shelf life was assigned to the 
product. The stability data is presented in figures 5–8.
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Figure 5: Dissolution data of accelerated stability study.
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Figure 6: Dissolution data of long-term stability study.
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Figure 7: Assay data of stability study.

Figure 8: Impurity content during stability study.
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DOCUMENTATION FOR PRODUCT REGISTRATION

Error-free and proper documentation is key for product 
registration and approval. As the project timeline was 
very strict, the cross-functional team and the sponsor met 
periodically for early completion of documentation. At the 
completion of each development phase, documents were 
compiled and shared with the sponsor to minimise the 
impact on the timelines. 

COORDINATION 

The relationship between the sponsor and Recipharm was 
key to the success of this project. There were weekly 
meetings between both teams to resolve any issues faced 
during different phases of product development and 
resolve any unforeseen problems. Close collaboration and 
timely solutions to all issues made this project successful. 
Effective coordination between the sponsor and Recipharm 
was also crucial in order to identify bottlenecks before they 
caused problems and delays. 

SUMMARY

This product has been submitted to regulatory agencies 
for approval to perform a clinical study. The team’s 
problem-solving capabilities, flexible approach and close 
coordination between Recipharm and the client made it 
possible to successfully complete this project within the 
strict 12 month time frame.

ABOUT RECIPHARM

Recipharm is a leading contract development and manufacturing organisation (CDMO) 
headquartered in Stockholm, Sweden. We operate development and manufacturing facilities 
in France, Germany, India, Israel, Italy, Portugal, Spain, Sweden, the UK and the US and are 
continuing to grow and expand our offering for our customers. 

Employing around 9,000 people, we are focused on supporting pharmaceutical companies 
with our full service offering, taking products from early development through to commercial 
production. For over 25 years we have been there for our clients throughout the entire 
product lifecycle, providing pharmaceutical expertise and managing complexity, time and 
time again. Despite our growing global footprint, we conduct our business as we always 
have and continue to deliver value for money with each customer’s needs firmly at the heart 
of all that we do. That’s the Recipharm way.

CONTACT US: 
recipharm.com 
info@recipharm.com

https://www.recipharm.com/

