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ABSTRACT

Adaptation of Dried Blood Spot (DBS) as a sample collection technique has gathered significant attention in recent years, which is due to multiple
advantages. As this involves a collection of human or animal blood drop and putting them on the specialist paper, this provides multiple benefits like
minimal invasive blood sample collection, room temperature or ambient temperature storage till analysis is over. However, all these advantages of
DBS do not come easily. Before active application, scientific method development and then method validation as per regulatory requirements is
very much required. To ensure achievement of DBS at an optimal level, it is very much essential that the bioanalytical method should be accurate
and reproducible. Here International Council for Harmonisation (ICH) M10 guideline plays a pivotal role in supporting a framework for the method
validation of methods that will used during regulatory submissions.
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INTRODUCTION

A systematic search of the literature was carried out in PubMed, Scopus, Web of Science and Google Scholar. Keywords used included ‘dried blood
spot’, ‘bioanalytical method’ and ‘bioanalytical method validation’, combined with Boolean operators (and, or). The search was limited to studies
published between 1995 and 2025. Only peer-reviewed English-language articles were considered. Abstracts, theses, non-peer-reviewed reports
and articles not related to human plasma analysis were excluded. References cited in the retrieved articles were also screened manually to identify
additional relevant studies. Nowadays, research in pharmaceutical industry became more and more advance, which include requirement for human
studies with requirement for detection at very low levels with consistent and accurate measurement of drug, biologics and biosimilar products in
matrix sample. However, during this development, one cannot ignore the trial participants health and issues which arise because of clinical studies.
Considering all these new DBS techniques is introduced, which is a kind of a very fruitful development, which helps to maintain human subject
safety along with detection of analyte at very low level [1].

There is data available about DBS technique over the public domain and this data is continuously upgrading. However, our attempt includes
research about DBS technique along with aspects like method development and method validation in line with well-known ICH M10 guideline.
Developing a DBS method along with validation will provide a glimpse for use of DBS method in clinical studies [2].

So, in a nutshell, its simplicity, cost-effective, easiness and adaptability make it as a very good choice for pharmaceutical product development
research [3].

Current scenario and applications
Traditional blood sampling and its limitations

The most common blood sampling collection method is venipuncture, which is widely used for decades. This technique is gold standard method and
it receives acceptance globally and has its own advantages. However, this method doesn’t come with all advantages, it certainly has a limitation
which forces researchers to look for alternative techniques like DBS sampling. The venipuncture method involves limitations like invasive
procedures, requirement for skilled personnel, risk of infection, requirement of large blood sample volume and it is very much impractical for
certain applications like pediatrics or geriatric population studies. Other alternative blood collection methods like, finger stick or capillary blood
sampling, involve limitations like limited sample volume collection, blood composition may be different from actual blood, which impacting the
accuracy of certain test and discomfort with pain. A similar type of issue is there with arterial blood gas sampling.

DBS technology

The limitations of traditional blood sampling methods have encouraged development and adoption of alternative techniques like DBS, which offers
several advantages, including minimally invasive sampling, ease of transport, storage and applicability to various clinical and research scenarios [4].
A drop of blood is applied to a specific filter paper as part of processing blood samples, which is further subject to extraction to remove target
components for quantitative analysis [5]. The benefits of this procedure are minimal blood volume needed for measurement and lack of plasma or
serum separation. As it is understood, once biological samples get dried then pathogens usually get inactive due to a lack of water, which make DBS
as best considering it can store at room temperature during transport [6].

Historical development and adoption

Human or animal blood sample collection by applying drop on specific paper using DBS sampling is an innovative clinical methodology. Robert
Guthrie proposed this method first in 1963, which shows a positive side that can remove the requirement for venous blood collection, which is
difficult technically when dealing with newborns and young kids [7].
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Fig. 1: Typical dried blood spot card for clinical study

Key applications of dbs in drug research
Drug development and pharmacokinetics (Pk)

In bioavailability studies, DBS method can be used to quantify drug products or analytes in biological Matrix such as blood or any other biological
matrix across different time intervals to estimate bioavailability. In Pk profiling, DBS has an advantage that it can operate with low blood volume so
it will help to get a detailed form of kinetic, which is particularly important. Similarly, in paediatric pharmacokinetics, DBS allows minimally invasive
blood collection from infants and young children [8].

Clinical trials

In clinical studies. DBS is used to demonstrate the bioequivalence of generic and innovator drugs by comparing their Pk profiles. DBS enables
longitudinal monitoring of drug concentrations, which further reduces need for frequent venipuncture. Similarly, in compliance-based monitoring,
DBS can be used to monitor patient compliance by measuring drug levels in a convenient and minimally invasive manner [9].

Therapeutic drug monitoring (TDM)

Drug products which are having a very narrow therapeutic window require drug monitoring of patient. So, it helping to design drug dosage as per
drug profile, which serve as personalized medicine. During home-based monitoring, patients can collect DBS samples at home, making TDM more
accessible and convenient for chronic conditions like epilepsy or transplant patients. This data can guide clinicians for drug dosing adjustments in
making timely dosing adjustments to optimize therapeutic outcomes with minimizing adverse effects [10].

Epidemiological and population studies

DBS is practical for large-scale epidemiological studies by allowing collection of blood samples from a geographically dispersed population. DBS can
be used for disease surveillance and screening with resource-limited settings as it simplifies collection and transport [11].

Forensic and toxicology applications

Where sample volume is concern, DBS is used in forensic toxicology to measure drug and alcohol in criminal cases, accidents and post-mortem
examinations. Also, DBS allows for easy and discreet monitoring of individuals in substance abuse rehabilitation programs [12].

Infectious disease monitoring

DBS is also widely used in HIV screening by allowing the collection and transportation of blood samples in areas with limited healthcare
infrastructure [13]. DBS has been used in diagnosis and monitoring of various infectious diseases, including hepatitis, malaria and tuberculosis.

Key studies available over public domain

There are various studies which are published for public domain to suggest widespread adaptation and acceptance in various field, which includes
clinical research, diagnostics and pharmacokinetics. Below are some important studies based on their innovative application in respective areas.

Guthrie and susi-1963

Robert Guthrie and Adele Susi are also considered pioneers of DBS, as they introduce a concept of using DBS for new-born screening of
phenylketonuria. This ground-breaking work laid foundation for DBS in neonatal and paediatric healthcare.

Cunniff et al. 1998

Cunniff and their supportive researcher shows way with which it can be use in genetic screening. These researchers use DBS technique in condition
like congenital adrenal hyperplasia during new-born screening [14].
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Kissinger et al. 1981
Kissinger's demonstrated use of DBS in clinical Pk studies for drugs showcases the potential of DBS in monitoring drug levels [15].
Desfontaine et al. 2006

This research investigated application of DBS in neonatal screening for cystic fibrosis. It demonstrated efficacy of DBS in early diagnosis,
contributing to improved management [16].

Marques et al.-2014

Marques and colleagues conducted a study on DBS for TDM of immunosuppressive drugs in transplant patients. Their findings underscored value of
DBS in personalized medicine [17].

Guthrie and Pitt-1968

In this study, Guthrie and Pitt extended use of DBS to screen for sickle cell disease, demonstrating its versatility in detecting various genetic
disorders [18].

Magera et al. 2006

This study focused on use of DBS for newborn screening of inborn errors of metabolism. It exemplified potential of DBS in high-throughput and
multiplexed screening programs [19].

Owens et al. 2019

Owens and colleagues conducted research for use of DBS in monitoring drug levels in resource-limited settings, emphasizing its suitability for global
health initiatives and decentralized healthcare [20].

Spooner et al. 2008

These researchers first time developed LC-MS/MS method for detection of acetaminophen using dog blood with just 15ul, which is a very low
volume [21].

Abarca and Gerona 2023

Abarca evaluated applicability of DBS method for samples that were store for almost 17 y. These samples contained Alprazolam and its metabolite,
which analysed using LC-MS/MS [22].

Steps during application of DBS

Use of DBS techniques in context of different studies mainly involved three steps; starting with method development, method validation and then
application [23].

Method
Validation

Method
Development Application

Methodology

Fig. 2: Methodology of dried blood spot technique

Method development

The development of a DBS method is a systematic and iterative process that requires careful planning, validation with documentation to ensure its
accuracy, reliability and applicability.

Procurement of DBS cards

A DBS card is a small piece of specialized paper used for collecting and storing blood samples. These cards are designed such that it allows
convenient and minimally invasive collection of blood for various applications [24]. Currently, DBS cards that are in market for sampling are very
standard and made of standardise cellulose or by synthetic standardise material. DBS card from Cytiva, which is sold in market as Whatman 903 is
very widely used.

Under 21 Code of Federal Regulations 862.1675, the United States (USA) Food and Drug Administration has certified three DBS cards as medical
devices for collection of blood specimens out of which we discussed above about Whatmann903. Apart from it, other two are Ahlstrom and
PerkinElmer with code as 226-K062932 and 226-4 respectively [6]. Synthetic Bond Elut DMS Card from Agilent Technologies are also available for
DMPK research. Guowen et al. demonstrated in their published research that a citric acid solution can be used on a card to increase medication
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stability through thiol-disulfide exchange [25]. Gabriel et al. created a disposable chip to address issue of uncertain blood volume and spots on
traditional DBS cards with self-actuated dissolvable valves that measure exact volume of the blood.

Preparation of samples

The steps entail blood spotting on DBS card and then storing it at room temperature. Following extraction, clear liquid of analyte will be subjected
to an analytical device for detection and measurement. Proteins, pathogens and enzymes are inhibited, preventing bacterial or viral growth. It is
frequently used in pharmaceutical research and health care facilities, especially if blood sample volumes are difficult to collect and transport [26].

Chromatographic condition optimisation

Chromatographic conditions optimisations are crucial for accurate and reliable chemical separation and analysis. These conditions have a
substantial impact on chromatographic method's efficiency, selectivity and resolution. The nature of analytes, chromatographic mode, stationary
phase, detection method and regulatory requirements all influence chromatographic parameters selection for optimisation [27].

Optimization of extraction experiments

There are several punch tools available for DBS cards that are capable of cutting punches of varying sizes, which are then subjected to
extraction so that they may be studied using analytical instruments without a considerable biological matrix that has potential to interfere with
detection [28, 29].

Sample extraction can be performed using different techniques such as protein precipitation, liquid-liquid extraction, or solid phase
extraction. Protein precipitation involves the addition of organic solvents to precipitate proteins, followed by collection of the supernatant.
Liquid-liquid extraction is based on the addition of relatively non-polar organic solvents that allow the analyte to partition into the organic
phase [30].

Solid phase extraction relies on a polar stationary phase to which the analyte adsorbs, thereby facilitating separation.

The application of an extraction method does not have to be the same every time, but it does require a science-based evaluation of molecule’s
physical attributes and required level of detection, which is necessary. Most bioanalytical methods are quantitative rather than qualitative [24].

Method validation

Comprehensive advice on bioanalytical method validation is provided by the ICH M10 recommendation, which is especially important when it
comes to validation of analytical techniques used to evaluate nonclinical and clinical pharmacokinetics of medications. International guidelines,
such as ICH M10, should be followed during the validation process [31, 32].

Here is an overview of components typically included in a full validation as per ICH M10
Selectivity

In the Selectivity experiment, freshly collected blood from different donors gets spots on DBS paper to asses any interference, which is then analyse
along with a freshly prepare calibration curve. It is first validation parameter to study in validation, where blank matrix, which is free from
interference, will be considered for further validation activities.

Sensitivity

Sensitivity is usually assessed by analysing quality control samples at lowest concentration level on multiple occasions along with a freshly
prepared calibration curve. This approach ensures that method’s ability to accurately and reliably detect lowest analyte concentration. Evaluating
sensitivity as a validation parameter is critical, as it confirms method’s lower limit of quantification. This value is then used as a benchmark during
actual sample analysis, ensuring that any measured concentrations falling below this validated sensitivity threshold are considered unreliable and
thus excluded from final interpretation or reporting.

Specificity
The ability of a developed method to differentiate one analyte from other analytes in a matrix—which may be metabolites, isomers, or related to
structure or drugs that may be administered to humans as part of a concurrent treatment—is known as specificity.

Matrix effect

The matrix effect is determined by analysing high-and low-quality control samples from several blood lots along with a fresh calibration curve
sample. The passing or failing of these quality control samples indicates the extent to which matrix effect exists for developed method.

Precision and accuracy batch

During method validation, at least three Accuracy and Precision Batches should meet the batch acceptance criteria. This batch contains samples
including a standard blank, a zero, which is simply a blank sample with an Internal Standard (IS), eight or more calibration curve standards and
quality control samples at low, medium and high concentrations [33-35].

Carryover

Carryover is a methodological issue in which analytes from one sample are transferred to next sample from the instrument, which leads to false
quantification. In a carryover experiment, a blank sample is typically injected adjacent to a high concentration sample following DBS processing in a
sequential manner and amount of each analyte detected in the matrix blanks is then evaluated. If amount of analyte is limited or there is no
interference found, then the method will be considered free from carryover.

Recovery

Recovery estimation involves evaluating efficiency of the method in extracting the analyte from biological matrix for accurate
quantification. As per the ICH guidelines, recovery should be assessed at three concentration levels. Recovery is calculated by comparing
analyte to IS area ratio obtained from extracted DBS samples with that from samples spiked directly into an organic solvent or blank
extract.
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Bench top stability in matrix

Bench Top stability evaluation entails subjecting spiked DBS samples to bench top environment conditions and then analysing them with freshly
spiked DBS samples. This helps to determine how long continuous evaluation can be conducted in a laboratory environment.

Long-term stability in matrix

Long-term stability evaluation entails storing spiked DBS-spotted stability samples in a freezer for an extended period of time, which can range
from the date of the study's first sample collection to the date of last sample analysis. After stability duration, the stability samples will be analysed
to determine stability duration.

Application of method

Once DBS bioanalytical method meets acceptance for all validation parameters then same can be use in intended field of research. Method validation
is documented evidence that shows confidence that method can precisely and consistently quantify analyte. Fig. 3 perfectly represent advantages of
DBS method over conventional techniques if used during a clinical study.
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CONCLUSION

The dried blood spot method, despite involving some complex processing steps, is considered green and environmentally friendly. It is especially
suitable for pharmacokinetic and toxicokinetic studies due to its minimal blood volume requirement. DBS has potential to serve as a viable
alternative to conventional plasma-based techniques in therapeutic drug monitoring and clinical research. With further validation, it may not only
complement but potentially outperform well-established bioanalytical methods in terms of efficiency, sustainability and practicality.

A few rays of bright light are starting to set future of DBS sampling for regulatory drug bioanalysis. The discussion within scientific community is
beginning to clarify way forward for dried matrix sampling. It has also been acknowledged that where dried matrix sampling has clear advantages
over traditional wet sampling (for example, preclinical toxicology, paediatric studies, studies in remote locations), then constitute of the DBS data
would be acceptable, provided that the data has been sufficiently validated according to the ICH M10 guideline.
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