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Many scientific endeavors are dependent upon the accurate quantification of drugs
and endogenous substances, such as pharmacokinetics [1], toxicokinetics [2], and exposure–
response (pharmacokinetics/pharmacodynamics) [3]. Bioequivalence [4], for example,
is a surrogate end-point used by drug companies and regulatory agencies to determine
the safety/suitability of new drug formulations for approval. The use of bioequivalence
can replace the need for costly and lengthy large-scale patient trials. The accurate and
reproducible measurement of drug concentrations (in current or in new formulations)
is a regulatory requirement for approval of pharmaceutical products [5]. Although one
may underestimate the development of adequate separative methods, its importance for
pharmacy, medicine, and chemistry in general is a key point. Due to the stringent require-
ments in terms of method reliability, sensitivity, analysis speed, and sample throughput,
the development of bioanalytical methods has become increasingly challenging in recent
years [6]. All these requirements deeply impact the choice of sample preparation techniques
and instrumental methodologies.

The focus of separation methods in biomedical analysis includes not only medicine
studies but also their use for illicit purposes [7], in forensic investigations [8], or with
environmental concerns [9]. These areas, given only as examples, range from the academic
discovery of novel entities to the development of new active pharmaceutical ingredients
and therapeutics to the assessment of safety and efficacy. The suitability of the analytical
methodology is generally based on factors such as the physicochemical properties of the
analyte, the expected concentration, the origin (plant, animal, etc.) and the nature of the
sample (solid, liquid, etc.) as well as the quantity of expected samples.

In the family of separative methods, gas chromatography hyphenated with mass
spectrometry is one of the assets to detect and quantify small volatile molecules. It is
commonly used in toxicological studies to evaluate cytotoxicity [10], in food monitoring to
evaluate cultivars and cooking characteristics of an ingredient [11,12], or in environmental
investigation [13,14]. Liquid chromatography (LC), coupled or not with mass spectrometry,
is another predilection tool to perform separations as it has been spread worldwide for
decades now. When it comes to non-volatile molecules, LC is addressed as the gold
standard for analyte separations and detections [15,16].

It should also be kept in mind that biological samples often imply complex matrices
with multiple analysis issues such as numerous interferences as well as extremely low
concentration levels of some analytes of interest, whether endogenous or exogenous [17].
The intrinsic instability and ease of degradation of these matrices only add to the difficulty.
In many cases, the problems can be solved directly with suitable sample processing and
various solutions have been developed in recent years. From the classical liquid/solid
or liquid/liquid extractions [18,19], new or innovative pretreatment methods are now
emerging.

One of the current directions is miniaturization, which today leads from solid-phase
extraction (SPE) to solid-phase microextraction (SPME). Recently, SPME has been used to
track down pollutants or chemicals in food or cosmetics [18]. An interesting proposal is the
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nanostructuration of extraction supports. These devices allow for very specific extractions,
for instance, thiol analysis using gold nanoparticles [19], drug extraction using silver
nanoparticles [20], or the extraction of heavy metals using quantum dots [21]; other types
of nanoparticles are also being studied [22]. Miniaturization and the use of nanomaterials
allow to increase the extraction efficiency thanks to the higher specific surface of the
support and thus to the surface available to interact with the targeted molecules. However,
when it comes to detecting or quantifying nanoparticles in complex matrices, the task
becomes really difficult (low concentrations and matrix effect), especially when the initial
physicochemical characteristics of these nano-objects are poorly defined [23–27].

The few examples previously introduced demonstrate that the development of separa-
tion methods for biomedical analysis is still a booming field. To address and illustrate all
the points previously mentioned, the Special Issue “Separations in biomedical analysis”
was imagined and includes the following papers:

Alqahtani et al., in their paper, “GC-MS Method for Quantification and Pharma-
cokinetic Study of Four Volatile Compounds in Rat Plasma after Oral Administration of
Commiphora myrrh (Nees) Engl. Resin and In Vitro Cytotoxic Evaluation”, reported the
development and validation of a GC-MS method to quantify curzerene, methoxyfuran-
odiene, β-elemene, and α-pinene in rat plasma. The method was validated according
to FDA recommendations and attained lower limits of quantification around 4 ng/mL
for volatile compounds. That led the authors to evaluate pharmacokinetics of these four
compounds in vivo and their antiproliferative activity against two cell lines (carcinoma
(A549) and colon (LoVo) cell lines). They found that methoxifuranodiene presented the
higher antiproliferative activity against both cell lines, with an EC50 around 25 µM [10].

Chaigneau et al., in the manuscript, “Monitoring of Gold Biodistribution from Nanopar-
ticles Using a HPLC-Visible Method”, described the development of a pretreatment method
to further quantify gold from nanoparticles with HPLC coupled to a visible detection. The
small gold nanoparticle size (<10 nm) can lead to the crossing of biological membranes and
possibly implies problematic dissemination and storage in organs that must be controlled
and evaluated. In this work, a simple isocratic HPLC method was developed and validated
to quantify gold originated from nanoparticles degradation in different biological samples.
After a first carbonization step at 900 ◦C, the nanoparticles were oxidized using dibroma
under acidic conditions, leading to tetrachloroaurate ions that could form ion pairs with
rhodamine B. Finally, ion pairs were extracted and the rhodamine B content was evaluated
to quantify the corresponding gold concentration by reversed-phase HPLC with visible
detection. The method was validated for different organs (liver, spleen, lungs, kidneys, or
brain) and fluids (plasma and urine) from rats and mice. Lastly, the developed method was
used to evaluate the content of gold in organs and fluids after intravenous (IV) injection of
nanoparticles [27].

The third article, written by Sharma et al., discussed “Designing Safer Solvents to
Replace Methylene Chloride for Liquid Chromatography Applications Using Thin-Layer
Chromatography as a Screening Tool”. They intended to develop new solvents for separ-
ative techniques to reduce their harmfulness. Methylene chloride, commonly known as
dichloromethane (DCM), is a widely used chemical for chromatography separation within
the polymer, chemical, and pharmaceutical industries. With the ability to effectively solvate
heterocyclic compounds, and properties including a low boiling point, high density, and
low cost, DCM has become the solvent of choice for many different applications. However,
DCM has high neurotoxicity and is carcinogenic, with exposure linked to damage to the
brain and the central nervous system, even at low exposure levels. This research focuses
on sustainability and works towards finding safer alternative solvents to replace DCM in
pharmaceutical manufacturing. The research was conducted with three active pharma-
ceutical ingredients (API) widely used in the pharmaceutical industry: acetaminophen,
aspirin, and ibuprofen. Thin-layer chromatography (TLC) was used to investigate if an
alternative solvent or solvent blend could show comparable separation performance to
DCM. The use of the Hansen solubility parameter (HSP) theory and solubility testing
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allowed for the identification of potential alternative solvents or solvent blends to replace
DCM. The HSP values for the three APIs were experimentally determined and used to
identify safer solvents and blends that could potentially replace DCM. Safer solvents or
binary solvent blends were down-selected based on their dissolution power, safety, and
price. The down-selected solvents (e.g., ethyl acetate) and solvent blends were further
evaluated using three chemical hazard classification approaches to find the best fitting
nonhazardous replacement to DCM. Several safer solvent blends (e.g., mixtures composed
of methyl acetate and ethyl acetate) with adequate TLC performance were identified. The
results from this study are expected to provide guidance for identifying and evaluating
safer solvents to separate APIs using chromatography [28].

When it comes to sensible separations, El-Behairy et al. displayed their work con-
cerning “Enantioselective Chromatographic Separation and Lipase Catalyzed Asymmetric
Resolution of Biologically Important Chiral Amines”. They showed the importance of the
separation of several chiral amines. Cyanoacetamides are vital synthons in synthetic or-
ganic chemistry. However, methods to enantiopure cyanoacetamides have not yet been well
explored. In this work, the preparation of cyanoacetamide synthons RS-(1a–4a) or methoxy-
acetamides RS-(1b–4b) in enantiopure/enriched form was investigated. Compounds S-1,
S-2, R-1b, R-1a, andR-2b were prepared in enantiopure form (enantiomeric excess ee > 99%)
while compounds S-4, R-2a, and R-4a were achieved in ee 9%, 80%, and 76%, respectively.
Many baseline enantioselective HPLC separations of amines 1–4, their cyanoacetamides
(1a–4a), and methoxyacetamides (1b–4b) were achieved by utilizing diverse mobile-phase
compositions and two cellulose-based CSPs (ODH® and LUX-3® columns). Such enantios-
elective HPLC separations were used to monitor the lipase-catalyzed kinetic resolution of
amines RS-(1–4) [29].

Finally, Kumagai et al. used an HPLC method to quantify peptides in their work
entitled “Quantification of Histidine-Containing Dipeptides in Dolphin Serum Using a
Reversed-Phase Ion-Pair High-Performance Liquid Chromatography Method”. The quan-
tification of histidine-containing dipeptides (anserine, carnosine, and balenine) in serum
might be a diagnostic tool to assess the health condition of animals. In this study, an exist-
ing reversed-phase ion-pair high-performance liquid chromatography (HPLC)–ultraviolet
detection method was improved and validated to quantify serum anserine, carnosine, and
balenine levels in the dolphin. The serum was deproteinized with trichloroacetic acid and
directly injected into the HPLC system. Chromatographic separation of the three histidine-
containing dipeptides was achieved on a TSK–gel ODS-80Ts (4.6 mm × 150 mm, 5 µm)
analytical column using a mobile phase of 50 mmol/L potassium dihydrogen phosphate
(pH 3.4) containing 6 mmol/L 1-heptanesulfonic acid and acetonitrile (96:4). The standard
curve ranged from 0.1 µmol/L to 250 µmol/L. The average accuracy of the intra- and
inter-analysis of anserine, carnosine, and balenine was 97–106%. The relative standard devi-
ations of total precision (RSDr) of anserine, carnosine, and balenine in dolphin serum were
5.9%, 4.1%, and 2.6%, respectively. The lower limit of quantification of these compounds
was 0.11–0.21 µmol/L. These results indicate that the improved method is reliable and
concise for the simultaneous determination of anserine, carnosine, and balenine in dolphin
serum, and may be useful for the evaluation of health conditions in dolphins. Furthermore,
this method can also be applied to other biological samples [17].
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