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Enhancing oral solid dose analysis:  

Development and validation of  
ICP-OES for trace element estimation 
INTRODUCTION					   

OSD formulations and essential trace elements

Oral solid dose (OSD) formulations are essential to pharmaceutical 
drug delivery, offering a convenient and effective way of 
administering medication to patients, and it is vital to adequately 
ensure the efficacy, safety and therapeutic impact of these 
formulations.

As trace elements maximise the therapeutic benefit of medications, 
incorporating them into OSD formulations is paramount to ensuring 
the therapeutic effect. For instance, zinc or magnesium can enhance 
the absorption of certain drugs. Trace elements are needed for 
various physiological functions in the human body. These elements, 
which include but are not limited to zinc, iron, copper, selenium and 
chromium, are required in small quantities for optimal human health. 
While some of these elements can be taken from our diet, their 
deficiency or excess can lead to a wide range of health problems. 
This demonstrates the importance of precise control of trace element 
levels in therapeutics, with excessive intake resulting in toxicity.

The complexity of OSD formulations
The development and analysis of OSD formulations is a multifaceted 
challenge that uses critical parameters that dictate the drug’s 
effectiveness and safety. This complex process involves trace element 
analysis, which includes:

 � Drug dissolution and release profiles: OSDs must release the 
active pharmaceutical ingredient (API) at a rate and in a manner 
that ensures optimal absorption and therapeutic effect. The 
dissolution characteristics of the drug within the formulation 
significantly impact its bioavailability. 

 � Content uniformity: Consistency in the distribution of the API and 
any trace elements throughout the OSD formulation is vital. This 
ensures that each dose delivers the intended therapeutic effect. 

 � Stability: OSDs must remain chemically and physically stable 
over their shelf life to maintain their efficacy and safety.

 � Impurity identification: Identification and quantification of 
potential impurities in OSDs, including trace elements, are 
essential for patient safety and regulatory compliance. 

To address these complexities, it is important to employ accurate 
and reliable analytical methods. The assessment and subsequent 
control of the presence and behaviour of trace elements are 
instrumental in ensuring OSD performance and patient safety.  
The specific aspects of OSD trace element analysis include:

 � Quantification of trace elements: Atomic absorption 
spectroscopy (AAS) and inductively coupled plasma optical 
emission spectroscopy (ICP-OES) are powerful techniques for 
quantifying trace elements in OSD formulations. 

    �AAS is a technique used to measure trace elements by analysing 
the absorption of specific wavelengths of light by atoms in a 
sample. By measuring the absorbed light in a sample, AAS 
provides quantitative data on the concentration of trace 
elements present.

   � �ICP-OES is a technique using high-temperature plasma to 
atomise and excite atoms in a sample, causing the atoms to emit 
light at characteristic wavelengths corresponding to the trace 
elements present. The ID of the trace elements is based on their 
unique emission spectra.

 � Dissolution testing: To evaluate how well an OSD formulation 
releases its API and trace elements over time, dissolution testing 
is performed. This mimics conditions within the human body to 
understand the performance of the formulation before patient 
intake.

 � Identification of potential impurities: High-performance liquid 
chromatography (HPLC) and gas chromatography (GC) are 
widely employed to identify and quantify impurities, including 
trace elements in OSDs. These techniques help ensure product 
purity and safety.
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OSD formulations and essential trace elements
Recipharm was approached by the client with the primary objective of 
developing a robust analytical method capable of precisely detecting 
and quantifying trace elements within modified-release formulations. 
The client aimed to detect and quantify trace element levels in a new 
disease-modifying therapy for frontotemporal dementia. They sought 
to develop an extended-release product containing an essential 
trace element. When advancing this therapy, the client recognised the 
crucial role that trace elements would play in the product’s efficacy. 
Quantifying trace elements within modified-release formulations was 
essential for this potentially life-changing therapy. 

The challenge lay in the fact that the trace element lacked inherent 
characteristics for standard quantification. Unlike many substances, 
this molecule did not possess chromophores that could facilitate 
easy detection. Additionally, due to the nature of the trace element 
and formulation characteristics, the process of extracting samples 
for analysis necessitated a specific microwave digestion program. 
There were no existing methods available to guide the quantification 
process, and achieving the sensitivity at the low concentrations 
required for the therapy added to the complexity of the undertaking. 
There was also a need to mimic bioavailability.

Solving the problem
To address this challenge, Recipharm initiated a method development 
process, considering a range of analytical techniques, given the 
unique challenges posed by the drug product. The techniques 
included:

  Ion chromatography

  X-ray diffraction

  Atomic absorption

  Emission spectroscopy (ICP-OES)

Among these, atomic absorption spectroscopy with flame or 
electrothermal ionisation has been explored for elemental analysis. 
However, the study leaned towards the adoption of ICP-OES to 
simultaneously and rapidly determine trace elements in complex 
samples.

To address the complexities of sample preparation, particularly in 
transforming solid samples into a liquid state suitable for analysis, 
Recipharm optimised a microwave digestion program. This reduced 
sample preparation time significantly and ensured the complete 
solubility of trace elements. Furthermore, the optimisation extended 
to the selection of an appropriate diluent composition to facilitate the 
effective extraction of analytes from the sample matrix.

CASE STUDY:  
METHOD DEVELOPMENT FOR DETECTING TRACE ELEMENTS IN AN EXTENDED-RELEASE PRODUCT

NAVIGATING TRACE ELEMENT DETECTION		

Analytical method development in pharmaceuticals is complex due to 
the intricate role these methods play in maintaining product quality, 
ensuring regulatory compliance, and safeguarding drug safety and 
effectiveness. Safety is achieved by analytical testing that: 

 � Verifies drug identity

  Detects impurities and confirms purity

  Characterises physical properties

  Quantifies drug potency

These methods are the foundation of quality control, regulatory 
adherence and the assurance of consistent, safe and efficacious 
pharmaceutical products, which is not only essential for the API but 
also for the OSD formulation. 

Alongside robust analytical methods for profiles, the assessment of 
extended-release characteristics is vital. Analytical methods must be 
capable of monitoring the release of essential trace elements from 
the OSD over time. This is important because inadequate release can 
lead to therapeutic inefficacy while excessive release may pose safety 
risks for the patient. In addition, care should be taken to identify any 
possible interactions between essential trace elements and excipients 
used in the formulation. Any interactions can influence the release 
kinetics, potentially impacting the OSD’s efficacy.

Challenges in trace element detection
While OSD trace element detection is essential, it can also present 
several unique challenges. It is important to understand these difficulties 
and achieve a robust and reliable means of trace element analysis.

 � Some trace elements lack distinctive chromophores, which makes 
their direct detection difficult when using conventional analytical 
techniques.

 � Sample extraction often requires specialised techniques, such 
as microwave digestion, which may not have established 
methods in the literature. This requires method development 
and validation. [Microwave digestion programs are used for the 
assimilation of drugs in an organic liquid to make them suitable 
for analysis by techniques like AAS and ICP-OES].

 � Trace elements are typically present in low concentrations. High 
sensitivity and accuracy are required to quantify them reliably.

 � Due to the sensitivity required, the analysis of trace elements 
may need to be repeated on different days to ensure consistent 
results. This can be time-consuming and costly.

 � Precise instrument setup and stabilisation before sample analysis 
are essential to maintain accuracy and reproducibility. Some of 
these systems must be set up days or hours in advance.

 � Access to hyphenated instruments combining multiple analytical 
techniques in the laboratory can advance trace element detection 
and quantification. Limited instrument availability and access can 
therefore hinder rapid results.

Overcoming challenges related to trace element detection, sample 
preparation, sensitivity, reproducibility and instrument availability is 
essential for ensuring the efficacy and safety of these pharmaceutical 
formulations.
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Recipharm also developed a dissolution method for the drug product, 
considering factors such as:

 � Selection of in vitro dissolution/release media (based on the 
solubility study)

 � Selection of pH (based on the solubility study)

 � Sink conditions

 � Selection of appropriate agitation/rotation speed

 � Selection of the equipment/apparatus

The selection of appropriate measures for all of the above was used 
to establish a reliable method.

To ensure the method’s robustness and suitability for regulatory 
compliance, Recipharm conducted method validation studies 
following regulatory requirements in a current good manufacturing 
practice (cGMP) environment. The validation encompassed 
specificity, filter study, solution stability, linearity, accuracy, precision 
and robustness assessments, all of which met the predetermined 
acceptance criteria.

Finally, Recipharm performed method transfer, enabling the client’s 
laboratory to seamlessly implement the validated method. This 
process involved knowledge exchange between scientists, dedicated 
team formation, rigorous method and protocol review, comprehensive 
training, analytical work execution, and thorough report review and 
approval. 

The optimisation of various crucial steps in the method development 
process played a pivotal role in achieving the desired results. This 
included a thorough focus on the microwave digestion program. 
The program’s parameters were evaluated, encompassing different 
temperatures and hold times while also incorporating oxidising 
agents and acids to ensure the complete solubility of trace elements. 
This optimisation reduced sample preparation time significantly.

In addition to sample extraction, the selection of a suitable diluent 
composition was crucial. This optimisation process ensured that the 
chosen diluent, nitric acid, effectively enabled the extraction of analytes 
from the sample matrix. The robustness and versatility of this method 
were demonstrated by the successful extraction of trace elements from 
all samples, even without the addition of hydrochloric acid.

The method development extended to dissolution testing, a critical 
step in drug development that assesses the rate and extent of 
drug substance release from dosage forms. The considerations for 
developing this method included the careful selection of:

 � Dissolution media

 � pH

 � Agitation/rotation speed

 � Specialised equipment

The final dissolution method featured 0.1N hydrochloric acid as the 
dissolution medium, US Pharmacopeia (USP) Type-I apparatus 
with a 900 mL dissolution volume, a rotation speed of 50 rpm 
and temperature control at 37.0°C ± 0.5°C, ensuring reliable and 
reproducible results.

Stability studies played a vital role in validating the methods 
and ensuring product quality. The drug product was exposed to 
accelerated stability conditions at 40°C/75% relative humidity for up to 
three months. The results of these studies demonstrated the stability 
of the molecule under these conditions, with no significant variations 
observed between the initial and three-month-exposed samples. This 
stability data provided valuable insights for formulation development 
and prototype finalisation.

The results
The optimised methods had multiple advantages, 
including a wide linear dynamic range, high 
matrix tolerance, enhanced speed of analysis and 
the capacity for multi-element analysis. These 
characteristics significantly streamlined the analytical 
process, enabling faster analysis while maintaining 
precision and accuracy.

The importance of method validation and transfer 
to a receiving laboratory cannot be overstated. 
Appropriate method validation ensured that the 
analytical methods met the predefined acceptance 
criteria and were suitable for their intended use. 
In this case, rigorous validation was conducted, 
covering specificity, filter study, solution stability, 
linearity, accuracy, precision and robustness, 
validating the methods’ suitability for regulatory 
compliance.

Method transfer to the receiving laboratory was 
executed with meticulous planning, involving 
knowledge exchange, dedicated team formation, 
protocol review, comprehensive training and a 
thorough report review and approval. This smooth 
transfer process empowered the receiving laboratory 
to implement the validated methods confidently —  
a pivotal step in ensuring the successful release of 
commercial products into the market. 

Enhancing oral solid dose analysis: Development and validation of ICP-OES for trace element estimation
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Recipharm is a global contract development and 
manufacturing organisation (CDMO) with advanced trace 
element analytical capabilities for OSDs. With expertise in 
method development, Recipharm excels in offering clients 
precise and sensitive analytical methods tailored to specific 
trace element analysis requirements. Recipharm validates 
analytical methods to meet regulatory standards, assuring the 
robustness and reliability of analytical procedures. Moreover, 
stability and forced degradation studies can be performed, 

which are crucial for assessing the integrity and shelf life of  
OSD formulations.

This expertise extends to impurity investigations, to enable the 
identification and quantification of impurities at trace levels and 
ultimately ensure product purity. By leveraging its analytical 
expertise and method development services, Recipharm can 
significantly contribute to advancing pharmaceutical projects 
to the clinical stage, ensuring regulatory compliance, product 
safety and efficacy throughout the development process.

WORKING ALONGSIDE AN EXPERIENCED ANALYTICAL PARTNER				                  

To find out more about how we can help advance your next OSD project, contact us:
https://www.recipharm.com/contact-us

recipharm.com

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. 


