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Abstract
Due to the complexity and individual problems presented by each biological matrix, sample preparation is regarded 

as the bottleneck phase in bio analysis. An essential stage in every bio analytical technique is competent sample 
preparation to extract the required analyses and remove superfluous components. In the processing of bio analytical 
samples, the matrix effect is a significant barrier that has drawn a lot of attention. Over the past ten years, novel sample 
preparation methods have gained popularity due to their advantages over traditional methods in terms of accuracy, 
automation, simplicity of sample preparation, storage, and shipment. Our goal is to give a thorough overview of recent 
advancements in a variety of bioanalytical sample preparation methods for chromatographic and spectroscopic 
analyses. With the help of preferred instances, it is also indicated how these procedures have attracted a lot of attention 
in bio analytical research during the past 10 years. The focus is mostly on current developments in sorbent-based micro 
extraction techniques and other modern trends in bioanalytical sample preparation.
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Introduction
Due to the continual requirement to achieve improved sensitivity, 

accuracy, and speed of analysis in complex biofluids, the development 
of bioanalytical sample preparation techniques has grown more 
difficult over time (e.g., blood, serum, plasma, saliva, feces, and urine). 
Additionally, samples must frequently be preconcentrated prior to 
analysis due to the analytes’ low concentration. But frequently, this raises 
the amounts of components that interfere, including small molecules 
(like medicines, salts, and metabolites) or large molecules (e.g., 
nucleic acids, proteins, and peptides). As a result, precise and selective 
bioanalysis for regulatory reasons requires extremely specific sample 
clean-up procedures [1]. These investigations subsequently provide 
regulatory filing support for documents including investigational new 
drug applications, regular new drug applications, and abbreviated new 
drug applications [2]. Therefore, before they can be used in actual 
sample analysis, bioanalytical sample preparation techniques need 
to be properly validated. The majority of biological samples contain 
significant levels of salts, lipids, proteins, carbohydrates, and other 
endogenous substances. They can interfere with the preferred trace 
analytes through matrix effects, hence getting rid of them is the main 
goal of sample preparation before analysis. Additionally, numerous 
bioanalytical studies using solid-phase extraction and liquid-liquid 
extraction (LLE) have been published (SPE). Due to their advantages 
in clinical studies, electromembrane extraction (EME) and dispersive 
liquid-liquid microextraction (DLLME) have recently gained in 
popularity. Therefore, to speed up bioanalytical research, fresh sample 
preparation and microfluidics-based procedures must continually be 
improved. In this article, we examine recent works that discuss sample 
preparation methods used in bioanalytics. This article’s goal is to 
discuss the fundamentals, benefits and drawbacks, and practicability 
of bioanalytical laboratories based on the combined knowledge and 
experiences of the authors, not to be all-inclusive.

Case Presentation
Biological matrices relevant in bioanalysis

Numerous biological matrices (such as blood, plasma, serum, 
urine, hair, human breast milk, saliva, perspiration, cerebrospinal 
fluid (CSF), and tissue) must be examined in bioanalytical research. 

Additionally, each matrix has different difficulties. For instance, plasma 
has higher levels of phospholipids while urine has higher levels of salt 
[3]. Biofluids, such as blood, serum, plasma, saliva, perspiration, urine, 
and tissue, are frequently employed in bioanalysis in conventional 
practise [4]. In recent years, other biological specimens have included 
hair, human breast milk, and faeces. Hair has a high degree of 
deterioration in post-mortem investigations [4] and is a stable, robust 
matrix that is simple to handle and infrequently messed with during 
collection. Excellent indicators of pharmaceuticals and environmental 
contaminants can be found in human breast milk [5]. Some herbal 
medications may be digested by intestinal bacteria and expelled in 
faeces, which is comparable to excretion in breast milk. Feces can be 
difficult for analytical systems to process because they are nondigested, 
nonhomogeneous, complicated, and full of macromolecules and 
particles. Feces metabolic monitoring globally is difficult from a 
biochemical and analytical perspective [6]. Below is a brief overview of 
biological samples [7, 8].

Blood, plasma, and serum

Different types of blood cells suspended in plasma make up blood. 
In humans, plasma makes up around 55% of the blood fluid and 
contains substances including glucose, proteins, hormones, minerals, 
and blood cells. Blood’s liquid and soluble component, serum, is free of 
fibrinogens. It has a wide range of metabolites that can be employed in 
the diagnosis of numerous serious illnesses as well as a wide range of 
clinical problems [9]. 

Feces

Fecal matter, which is the waste produced by the human body, 
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typically consists of inedible food particles, inorganic materials (such 
as calcium and iron phosphate), and a small amount of dead bacteria. 
The intestinal microflora may metabolise some medications, which 
are then eliminated in the stool. The examination of herbal medicines 
metabolised by the intestinal microbiota uses the faecal sample as an 
excellent specimen. The person is typically expected to fast before 
sampling the faeces. Following collection, the faecal samples are stored 
in normal saline for later processing. Fecal analysis is largely used in 
clinical settings to diagnose illnesses of the pancreas, liver, and digestive 
system.

Urine

Ninety-five percent of urine is made up of water, along with 
inorganic ions including sodium, phosphate, and ammonia, urea, 
creatinine, proteins, and coloured blood breakdown products (e.g., 
urochrome). Prior diagnostic and prognostic biomarkers of conditions 
such urinary tract infections and chronic kidney illnesses are anticipated 
to be monitored using urine metabolomics methods [10].

Tissue

A collection of cells with comparable roles and physical 
characteristics make form tissues. They can be divided into three groups: 
soft tissues, hard tissues, and tissues with a harsh exterior. Soft tissues 
are easy to handle, such as the lung, liver, kidney, brain, and spleen. The 
proper techniques must be used on hard tissues, such as the placenta, 
artery, heart, and stomach. Due to possible low concentrations, small 
sample sizes, and the hard makeup of skin, quantifying medicines 
in the skin can be difficult. Hard tissues, such as cartilage, skeletal 
muscle, nails, bones, and hair, go through a conventional, well-defined 
collecting process. Therefore, accurate sample preparation is necessary 
for all tissues before analysis can begin. For clinical diagnostic purposes, 
such as the detection of tumours and cancer, tissues are crucial.

CSF

The choroid plexus, which is found in the spinal cord, subarachnoid 
space, and ventricles of the brain, produces around 80% of the central 
nervous system’s (CNS) secretory fluid, or CSF. The CSF metabolome 
can provide numerous clinically significant insights into serious CNS 
diseases, such as Parkinson’s disease, multiple sclerosis, brain damage, 
and Guillain-Barre syndrome.

Techniques For Biological Studies For Medical 
Diagnostics

In order to obtain these advantages, recent studies have concentrated 
on the development of sample preparation methods. Robotics-based 
sample preparation techniques such as SPE, LPME, and LLE have been 
cybernated, creating new and beautiful perspectives on bioanalysis. 
Solid-phase microextraction (SPME) was first proposed by Arthur and 
Pawliszyn in 1990. The SPME approach, which combines sampling, 
preconcentration, and extraction in one step, is not thorough. This 
method’s advantages include quick and easy operation, excellent 
accuracy, improved sample cleanup, and reduced solvent usage. 
The simultaneous preconcentration and separation of volatile and 
nonvolatile materials is offered by SPME.

Single drop micro extraction (SDME)

In order to obtain these advantages, recent studies have concentrated 
on the development of sample preparation methods. Robotics-based 
sample preparation techniques such as SPE, LPME, and LLE have been 
cybernated, creating new and beautiful perspectives on bioanalysis. 

Solid-phase microextraction (SPME) was first proposed by Arthur and 
Pawliszyn in 1990. The SPME approach, which combines sampling, 
preconcentration, and extraction in one step, is not thorough. This 
method’s advantages (Figure 1) include quick and easy operation, 
excellent accuracy, improved sample cleanup, and reduced solvent 
usage. The simultaneous preconcentration and separation of volatile 
and nonvolatile materials is offered by SPME. Single droplet extraction 
(SDME) was used as the extraction medium. Typically, the microdrop 
contains an organic solvent in the amount of 1 to 10 L. There is no carry-
over in a straightforward, affordable, and environmentally friendly 
microextraction method. Small solvent volume usage makes SDME an 
environmentally favourable analytical procedure that generates little to 
no waste.

Stir bar sorptive micro extraction (SBSME)

Baltussen first introduced SBSME, a sorptive extraction-based 
system, in 1999. The deposition position is different from that in 
the SPME, and that is the sole difference. In SBSME, extraction and 
desorption are essential procedures. During the analysis, a stir bar with 
a polydimethylsiloxane coating was submerged deep in the sample 
solution. A little more than 125 L of sorbent is used in commercial 
SBSME, which is more than SPME uses. SBSME cannot be employed 
for the analysis of very hydrophilic substances due to the covering 
material’s hydrophobicity. Researchers have suggested using dual-
phase stir bars, improved coating materials, molecularly imprinted 
polymers (MIPs), and monolithic materials to get around this problem. 
For coating purposes in SBSME, recently developed materials such 
monoliths, metal-organic frameworks (MOFs), carbon nanotubes, 
graphene, graphene oxide, and porous organic polymers are helpful.

Conclusion
This technique is used very early in the drug development process 

to provide support to drug discovery programs on the metabolic fate 
and pharmacokinetics of chemicals in living cells and in animals.
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