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Research and application progress of fingerprint technology in the
analysis of effect components in biological samples
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Abstract: Fingerprint refers to the chromatography, spectrum or other visual data that can identify the
essential characteristics of certain substances or components with complex ingredients after proper processing and
analysis. The analysis of effect components in biological samples is characterized by complex biological medium
components, large differences in physical and chemical properties, complex and diverse metabolic reactions of
effect components, and mainly trace amounts of prototypes and metabolites. Therefore, accurate and rapid
determination of the effect components is of great significance. The advantages and disadvantages of each method
in recent years are analyzed. The development trend of fingerprint technology in the analysis of effect components
in biological samples is prospected in the future, so as to provide reference for the development and application of
fingerprint technology in the field of biological sample detection.
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Figure 1 Research process of fingerprinting the effect components in biological samples
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Table 1 Application and comparison of common biological sample pretreatment methods

Method Biological sample Reagent Testing method Testing substance Advantage Insufficient Ref.
Protein Plasma from rats ~ Acetonitrile LC-MS/MS Strychnine The operation is The impurity is [18]
precipitation Plasma from rats, Acetonitrile LC-MS/MS Dexamethasone simple, and the costis  relatively high, and [19]
(PP) brain tissue low. the content

Plasma from rats ~ Methanol HPLC-FL Scopolamine determination is not [20]
Human blood, Methanol HPLC- Plant toxins accurate. [21]
urine Orbitrap MS
Plasma from rats  Acetonitrile UHPLC-HESI- Doxorubicin and [22]
LTQ-MS lapatinib
Human blood Methanol UHPLC-MS/  Digoxin [23]
MS
Liquid-liquid ~ Human blood Methyl tert-butyl LC-MS/MS Digoxin The extraction range is The usage dosage of  [24]
extraction ether wide, the operation is  organic reagents is
(LLE) Human blood, Methyl tert-butyl GC-MS/MS  SCFAs simple, and the costis ~ comparatively high,  [25]
urine ether low. making automation
Plasma from rats  Methanol GC-MS Ganoderic acid H difficult. [26]
Dispersive Human blood Tetrachloroethylene- DLLME-IMS  Gabapentin Low solvent The selection range of [27]
liquid-liquid methanol consumption, short the extractant is
microextraction Human serum Formic acid-ethyl ~ GC-MS HPAHs extraction time, and relatively narrow. [28]
(DLLME) acetate—acetonitrile high enrichment factor.
Solid phase Human serum - LC-MS/MS Methotrexate Time-saving and Longer extraction [29]
extraction and its efficient, it can reduce time and lower
(SPE) metabolites reagent and sample selectivity.
brain tissue - SPME-UPLC- Nicotine and its ~ loss. [30]
MS/MS metabolites
Solid-phase Human blood - SPME-PESI-  Fentanyl Simple operation, high The equipment used  [31]
microextraction MS/MS throughput, low use of  is expensive and
(SPME) Human blood - LC-APCI-MS/ Isoflurane organic solvents, easy  fragile, its specificity [32]
MS automation, green. needs to be improved,
Bone marrow - LC-TOF-MS/ Benzodiazepine and it cannot be used  [33]
MS drugs for macromolecular
Blood - HPTLC Zomepirac substances and large-  [34]
Tissue - DART-MS Animal medicine scale extraction. [35]
Hair Acetonitrile HPLC Codeine and [36]
morphine
Microdialysis ~ Brain tissue - HPLC Andrographolide Real-time, online, and  Not applicable to [37]
(MD) dynamic monitoring of drugs with a short
Aqueous humor - HPLC-MS/MS Tartaric acid the same organism can half-life and those [38]
bromo-monie be achieved. with high lipid
solubility; membranes
are prone to blockage.
Molecular Brain tissue - LC-MS/MS Aminopyridinoic The specificity is The functionality of the [39]
imprinting acid relatively high. monomer is singular,
technology and the recognition
(MIT) limitations are
considerable.
Supercritical Plasma from rats - PTT-SFEC- Lipids The extraction efficiency The cost is high.
fluid extraction MS/MS is high, the extraction [40]
(SFE) efficiency and selectivity
are high, it saves time,
and there is less
environmental pollution.
Chemical Plasma from rats, 5-DMISC LC-MS/MS Phenol There are many choices The derivation opera- [41]
derivatization  urine, brain tissue for derivatization tions are cumbersome
technology reagents. and subject to strict
conditions.
Purge and trap Human urine 201-Dimethyl GC-MS Acetone High sensitivity, low It takes a long time [42]

silicone oil

detection limit.

and can easily damage
the instruments.
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Figure 2 The scheme of SCFAs determination procedure based on HS-SPME-GC - MS/MS, and the principle of derivatization. Reprinted

with permission from reference [64], copyright© 2021 Elsevier B.V.
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Table 2 The application and comparison of common gas chromatography-mass spectrometry techniques

L. Data Detection L
Instrument Principle Advantage . Application Ref.
analysis range

GC-MS/MS The sample is separated by Use of no or minimal solvent, Qualitative Volatile  Environmental monitoring [58,
chromatographic columns, and under easy to automate, simple and substances field; metabolomics; 69]
ionization in the ion source, it produces  operation, high sensitivity, and a quantitative traditional Chinese
ion fragments with a certain charge. well-established database. analysis medicine industry; et al.

HS-SPME- The adsorption of volatile compounds Solvent-free, easy to operate, Qualitative Volatile ~ Food quality evaluation;  [70]

GC-MS into the chromatographic column is high sensitivity, no sample pre-  and substances environmental monitoring
carried out in a vacuum using adsorptive treatment required, low cost, and quantitative
molten quartz fibers. a well-established database. analysis

GC-IMS Based on the separation of volatile The reaction speed is fast, the Qualitative Volatile  Food varieties; origin [71,
organic compounds in the gas operation is simple, no sample  and substances tracing; food quality 72]
chromatography column and the pre-treatment is required, it can  quantitative evaluation

ionization and movement of those
compounds in the ion mobility

spectrometry. efficiency is high.

be performed under normal

analysis

pressure, and the treatment
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Figure 3 Workflow of direct serum metabolic analysis based on the PSALDI-MS platform. a: Particle-based detection of serum metabolites;

b: Storage of serum metabolite information by porous silicon materials; c: Prediction model establishment for liver disease. Reprinted with

permission from reference [81], copyright © 2025 American Chemical Society
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