
DEVELOPING A GENERIC  
PROLONGED-RELEASE ISOSORBIDE 
-5-MONONITRATE TABLET
Astimex, a pharmaceutical company focusing primarily on the Nordic market, wanted 
to extend their product line. Without access to internal development or manufacturing 
resources, the company was looking for a partner who could help them achieve their 
goals. Recipharm was selected to develop and manufacture a new generic isosorbide- 
5- mononitrate (5-ISMN) 30 mg prolonged-release tablet and assume responsibility  
for the subsequent commercial supply. 

ISMN is an established drug product that is used for the treatment of heart related chest 
pain, such as angina, and heart failure. Despite newer drugs having been launched for the 
same indications, 5-ISMN is still popular on the market. It is advantageous to formulate 
the drug as a prolonged-release tablet. The medicine can then be administered once 
daily which is more convenient for patients and helps to improve patient compliance by 
reducing the dosage frequency when compared to a twice daily administration, which is 
the dosage regimen for immediate-release tablets. 

FORMATION OF THE PROJECT TEAM 
All successful pharmaceutical product development projects rely on seamless collaboration 
between formulation scientists and analytical chemists. This collaboration is even more 
important during in the development phase of a prolonged-release product as analysis 
of in vitro release rate is of vital importance. As it can take a long time to test the in 
vitro release rate of an prolonged-release product and as the next step in formulation 
development is often dependent on the results from these tests it is essential to collaborate 
efficiently to minimise timelines. 

Manufacturing aspects are also a significant consideration during a project like this. 
First, tech transfer, manufacture of validation batches and clinical trial material must be 
carefully planned in order to avoid any delays. Following this, raw materials, manufacturing 
processes, packaging and control methods need to be chosen. Furthermore, processes and 
methods should be selected in order to fit the intended manufacturing site. Due to this, 
manufacturing professionals at the commercial manufacturing unit need to be involved from 
the outset of the project, even during the development phase. 

During this project, a cross functional project team was formed consisting of formulation 
scientists, analytical chemists, QA professional, manufacturing professionals and a customer 
representative. An experienced project manager was assigned to lead the team and ensure 
a timely delivery of the project. Internal and external experts also participated in the project 
meetings on an ad hoc basis.

Figure 1. Molecular 
structure of 5-ISMN
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DRUG COMPOUND CHARACTERISTICS AND REVERSE ENGINEERING 
All pharmaceutical product development needs to start with an understanding of the 
product characteristics. The drug substance, 5-ISMN, has some characteristics that 
need to be carefully considered, for example it has high aqueous solubility (about 50 mg/
mL) and is highly permeable. Consequently, 5-ISMN is classified as a class I drug to the 
biopharmaceutical classification system (BCS). Generally, APIs classified as BCS class I 
drugs are expected to have robust gastrointestinal (GI) absorption performance when 
administered in an oral modified-release formulation, such as prolonged release.  
However, the very high solubility makes it challenging to extend the release rate.  
The compound is unusually stable, which facilitates development work.

However, 5-ISMN is also explosive in pure form. In order to enable safe handling, the  
ISMN was purchased as a 90% trituration with lactose. While this form of ISMN is safe to 
handle, it is important to ensure that processing will not result in segregation that could 
cause explosions. 

Development of generic products typically starts with building an understanding around  
the reference product so that it can be used as a model for the generic product.

FORMULATION STRATEGY
By utilising relevant literature and the chemical analysis, the team determined that the 
original product was an inert insoluble porous matrix tablet. This type of formulation can 
provide a robust prolonged-release profile, however there are several other technologies 
which would offer benefits from a manufacturing perspective. With this in mind, it was 
concluded that a hydrophilic matrix tablet would give the same release rate but, at the  
same time be easier to develop and manufacture. 

Figure 2. Principle of a hydrophilic matrix tablet. 
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RISK ASSESSMENT AND DEVELOPMENT PLAN
The value of careful planning and risk assessment at the start of a project should not be 
underestimated. For this reason, a Quality Target Product Profile (QTPP) was established 
in collaboration with the customer. An assessment of risk was performed, Critical Quality 
Attributes (CQA), Critical Material Attributes (CMA), and Critical Product Parameters 
(CPP) were identified. A control strategy was defined and the risk-based assessment was 
reiterated at milestones during the project.

A development plan for the project was defined based on the risk assessment. In defining 
this plan, a lot of care was taken to balance the need for a short development time and the 
need for a robust process that would allow efficient manufacturing as well as dependable 
supply.

FORMULATION DEVELOPMENT
In a hydrophilic matrix, the release rate is controlled by diffusion through a gel layer that 
is gradually formed and eroded during dissolution of the tablet (See figure 2). Various 
hydrophilic polymers can be used but the most common is Hydroxypropyl Methylcellulose 
(HPMC). HPMC is often the preferred polymer due to clear understanding around how the 
release rate can be adjusted by varying quality and quantity of the polymer, as well as 
varying other excipients. In this case, HPMC was selected as hydrophilic polymer/gel former.

A starting point for the formulation work was determined from literature research and 
studying a commercially available gel matrix products. From this, the release rate was 
modified by adjusting the amount of hydrophilic polymer and a prototype formulation, with 
a correct release rate, was identified. Due to the high solubility, a relatively large amount of 
HPMC was required to produce a gel matrix tablet with a sufficient release rate. However, 
work was also carried out to ensure that the size of the resulting tablet was not so big that 
it would be difficult to swallow. 

A risk-based assessment of formulation variables with regards to the impact on the drug 
product CQAs was performed. The release rate of the drug substance from the tablet is 
likely to depend primarily on the properties of the compound and the type and amount of 
HPMC, therefore in this case this risk was therefore considered high. The choice and amount 
of fillers was expected to have a medium impact on the uniformity of content and the 
dissolution. Whereas the lubricant and glidant, both of which are present in low levels  
(Table 1), were expected to have low impact on the CQAs.

Table 1. Risk assessment of formulation variables

DRUG PRODUCT CQA HPMC FILLERS GLIDANT LUBRICANT

Assay Low Low Low Low

CU Medium Medium Low Low

Dissolution High Medium Low Low
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It is well known that HPMC batch-to-batch variation may ultimately lead to variation in the 
drug release rate from matrix tablets. With this in mind, the robustness of the formulation 
subject to varying HPMC was studied. A problem with raw material batch variation is that it 
may be difficult to source and select the batches which need to be tested, this is because 
for excipients which are manufactured in bulk some batches have very similar properties 
while other batches may have different properties. This becomes a challenge when trying to 
demonstrate that excipients manufactured at different times or even in different places by 
different companies will behave in the same way. 

To manage this problem the excipient manufacturer was contacted. As they are aware 
of the potential issues due to HPMC batch-to-batch variation they could supply batches 
that showed a suitable variation in properties such as molecular weight and viscosity. By 
testing the drug release rate from the batches comprising different HPMC batches a clear 
specification for HPMC could be established.

In addition, a good dose homogeneity or uniformity may be challenging to achieve, 
especially when using direct compression. For this reason, particulate properties of the 
used drug substance and excipients were also studied, and content uniformity was closely 
monitored during formulation and process development.  

PROCESS DEVELOPMENT
The selected manufacturing process was a direct compression of a dry mixture without 
any subsequent coating. Direct compression was selected as it is a fast and simple 
manufacturing method and the drug dose (30 mg) was suitable for the process.

To save time, initial formulation work started with available tablet tooling for round tablets. 
In order to facilitate swallowing of the medication, the tablet shape was changed from round 
to oblong. This had a moderate effect on release rate. This was expected as the change of 
shape also affected surface area. The drug release was easily adjusted to the right value 
as a thorough understanding of important formulation variables and their impact had been 
developed during the initial formulation work.

Variations in process parameters were not expected to have significant effects on the 
release profile of the product. This was verified experimentally, for example tablet hardness 
was studied but showed very little effect on drug release rate. It was also critical to ensure 
content uniformity despite variations in mixing times and tableting speed. This was studied 
by factorial design and it was shown that the process was robust.  Also tablet weight, tablet 
height and tablet hardness were shown to be relatively robust although variability did 
increase with low mixing time and high tableting speed as predicted (Figure 3).
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Figure 3. Effect of mixing time and the relative standard variation of some tablet properties
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PACKAGE AND STABILITY TESTING 

For market-specific reasons, it was preferred that the tablet was offered in both blister 
and bottle packaging. Initial development had demonstrated that the drug product was 
not sensitive to moisture and 5-ISMN is known to be relatively stable. Hence, standard 
packaging materials were expected to provide sufficient protection. A polyvinyl chloride/
polyvinylidene chloride (PVC/PVDC) aluminum blister and a high-density polyethylene 
(HDPE) bottle was chosen. Tablets in these packages were subjected to storage in in 
25°C/60% RH and 40°C/75% RH and tests concluded that the stability in the packages 
were acceptable. This was later verified by additional stability testing on the full-scale 
validation batches. Furthermore, a shelf-life of 36 months at room temperature has since 
been confirmed for both types of packaging. 

DEVELOPMENT AND VALIDATION OF ANALYTICAL METHODS
Development of two analytical methods is an integral component for the development of 
a prolonged-release product. One method for assay and related substances as in all drug 
product development projects and one for testing the in vitro dissolution rate. 

5-ISMN has enough UV-absorbance to allow UV detection. Various mobiles phases and HPLC 
columns were evaluated and based on this an isocratic reversed phase HPLC method could 
be developed. The method was found suitable both for assay and related substances, but 
using a larger injection volume and longer run time for related substances. As is usual for 
prolonged-release products sample preparation required some special consideration. As the 
tablets were designed to release 5-ISMN slowly special measures were needed to ensure 
complete extraction of the drug. 

The proposed chromatographic system provided satisfactory separation of the active 
ingredient and degradation products induced by different stress conditions (50°C/75% RH, 
UV/Vis light, Acid, Base, Peroxide). The results indicate that the drug product is stable upon 
exposure to all stress conditions tested in this study. A new peak due to stress appeared 
only in the base stressed sample. It should be emphasised that severe stress conditions 
were used in this study. However, none of the stressed samples indicate any major 
degradation and thus major degradation during ICH stability studies is unlikely. Figure 4a 
and 4b show examples of chromatograms for assay and related substances respectively. 
Stability studies were performed later and a 36 month shelf life could be demonstrated.
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We are very  
happy with the 
Recipharm team, 
when it comes to 
knowledge, the  
high level of 
professional skills 
and rapid feedback
Åsa Lintzén,  
Managing Director 
Astimex Pharma
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Figure 4b. Related substances chromatogram of a 5-ISMN standard solution spiked with 
known related substances isosorbide-2-mononitrate and isosorbide di-nitrate

Figure 4a. Assay chromatogram of a sample solution
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The method was validated in accordance with ICH guideline Q2(R1) and was shown to be 
suitable for quantitative determination of the active ingredient and related substances in 
5-ISMN prolonged-release 30 mg tablets. The in vitro dissolution method was developed 
in parallel using similar chromatographic set-up for analysis of dissolution samples. This 
method was also validated in accordance with ICH guideline Q2(R1). Validation of the 
analytical methods were performed in collaboration between the development chemists and 
the receiving quality control (QC) lab at the manufacturing site. 

CHARACTERISATION OF IN VITRO DISSOLUTION
In order to establish that the new formulation exhibited the same in vitro drug release 
profile as the reference product a set of in vitro dissolution test were performed. The release 
rates were tested in buffer with three different pH -values (1.2, 4.5 and 6.8). The results 
showed no significant differences, which may be expected as 5-ISMN is has no acid-base 
properties. 

The effect of fed or fasted state on drug release was also tested by in vitro dissolution 
testing in fasted state simulated intestinal fluid (FaSSIf) and fed state simulated intestinal 
fluid (FeSSIF). Results were found to be similar in both media for the new tablet, as well as 
the reference product (see figure 5).

Figure 5. In vitro drug release from new and reference tablets in FaSSIF and FeSSIF.

In vitro drug release profiles were also studied in the presence of ethanol to ensure that the 
drug release rate would not be impacted by simultaneous alcohol intake. In vitro release 
in 0, 5, 20 and 40 % ethanol were studied. Ethanol slightly reduced the dissolution rate, 
however, there is no risk of dose dumping due to alcohol intake as the dissolution of the 
tablets in all ethanol concentrations were still within the specification limits.
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SCALE UP AND TECH TRANSFER
The commercial manufacturing site was decided at initiation of the product, which allowed 
manufacturing experts and analytical chemists based at this site to be involved from the 
start. The analytical methods were transferred to the manufacturing site during validation. 
A close collaboration between analytical chemists at both sites and careful testing prior to 
transfer allowed for a smooth process. 

As trials in a manufacturing plant are time consuming and costly, rigorous experiments 
were performed at small-scale to ensure the robustness of formulation and manufacturing 
methods and to fully understand the critical parameters. The small-scale work meant that 
only a small number of pilot scale batches (90 kg) had to be performed at full-scale (600 
kg). Validation was performed by successfully manufacturing three full scale batches. One of 
these batches was subsequently used for the bioequivalence study.

BIOEQUIVALENCE STUDY AND REGISTRATION
The registration of a generic prolonged-release product must show that the in vivo drug 
release profile is equivalent to the release rate the original product showed in a clinical 
bioequivalence study in healthy volunteers. As this type of study is relatively costly and time 
consuming, it is important to limit the risk of failure to produce conclusive data. 

The pharmacokinetic (PK) characteristics of 5-ISMN are well described in existing literature. 
By collaborating with an experienced phamacokineticist, we were able to select a suitable 
study design. A study was conducted that demonstrated that the new 5-ISMN 30 mg 
prolonged-release tablet was bioequivalent to the reference product.

The data from the work described above was compiled in in a dossier and submitted to the 
authorities and after approval the product was launched to market. 

SUMMARY
Close collaboration between the customer, as well as both development and manufacturing 
teams helped to make the launch of a generic prolonged-release product without any 
serious issues possible. Long experience of product development and the fact that the 
development and manufacturing sites were both part of the Recipharm group facilitated this 
work and helped to ensure project success. 

The collaboration 
with Recipharm 
allowed a fast and 
efficient development 
and launch process 
of a generic modified 
release tablet
Åsa Lintzén,  
Managing Director 
Astimex Pharma
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ABOUT ASTIMEX PHARMA

Astimex pharma is a Swedish pharmaceutical company founded in 2007. The company 
markets and distributes medicines to the pharmacy market in Sweden, Denmark and 
Finland. With the customer at the center, we carefully select our range. All to improve  
the customer’s health and quality of life.

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


