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Being one of the main proteins in the human body and many animal species, albumin
plays a decisive role in the transport of various ions, electrically neutral molecules and in
maintaining the colloid osmotic pressure of the blood. Albumin is able to bind almost all
known pharmaceuticals, many nutraceuticals and toxic compounds, largely determining
their pharmaco- and toxicokinetics [1,2]. However, albumin is not only a passive but also
an active participant in pharmacokinetic and toxicokinetic processes, having a number
of enzymatic activities [3]. Due to the free thiol group of Cys34, albumin can serve as a
trap for reactive oxygen and nitrogen species, thus participating in redox processes [4].
The interaction of the protein with blood cells, blood vessels, as well as with parenchymal
cells outside the vascular bed are also of great importance. Interaction of albumin with
endothelial glycocalyx and vascular endothelial cells largely determines its integrative
role [5]. Our Special Issue aimed to expand the current knowledge of serum albumin in
both physiological and pathological conditions.

The analysis of the articles published in our Special Issue and other available literature
has identified several key directions of the studies devoted to albumin. One of them is the
participation of albumin in the pharmacokinetics of pharmaceuticals. Thus, Rodriguez-
Alfonso et al. studied the pharmacokinetics of EPI-X4, an endogenous peptide inhibitor of
CXCR4 (fusin, CD184, one of the chemokine receptors that the human immunodeficiency
virus uses to infect CD4+ T-lymphocytes), which has therapeutic efficacy when applied
topically in animal models of asthma and dermatitis [6]. The authors showed that EPI-X4
can covalently bind to human serum albumin (HSA), forming a disulfide bridge with the
free thiol group of Cys34 of albumin, which increases the stability of the peptide in plasma.
Therefore, pre-crosslinking of EPI-X4 with albumin in vitro prior to in vivo administration
of the drug can significantly improve the pharmacokinetic properties of this new class of
CXCR4 antagonists. Botti et al. investigated the interaction HSA and microRNA 155 (miR-
155, regulates B cell differentiation, development stages, etc.) and showed that miR-155 can
bind in one of the positively charged pockets of HSA [7]. Thus, native HSA can be used
under physiological conditions for delivering miRNA to its molecular targets.

Sanaeifar et al. studied the interaction of spin-labeled naproxen derivative (SL-NPX)
with bovine serum albumin (BSA) hydrogels [8]. It has been found that the rate of SL-NPX
release from BSA hydrogels can be controlled by ethanol concentration, BSA concentration,
incubation time, and initial drug loading percentage. These results lead to the conclusion
that BSA hydrogels can be used in medicine for controlled drug delivery. Jagusiak et al.
designed a model carrier system consisting of supramolecular albumin and Congo red [9].
The authors showed that this system can effectively bind the chemotherapeutic agent
doxorubicin, while the drug can be controllably released at low pH. Thus, the system can
become an alternative to the existing methods of targeted delivery of anticancer drugs to
their molecular targets. In the frame of the studies on the pathogenesis of acute respiratory
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distress syndrome (ARDS), Kryvenko et al. investigated the mechanisms of cellular albumin
uptake in a 3D culture of precision lung sections (PCLS) [10]. It was found that up to 60% of
PCLS cells contained labeled albumin, while the absorption of albumin occurs by a receptor-
mediated mechanism. The distribution of albumin in the cells indicated the transcytosis
of the protein. The findings could help develop new ways to deliver drugs to the lungs,
which could improve the chances of patients with respiratory failure to recover.

It is known that the albumin molecule is liable to allosteric modulation: the binding of
one ligand in one binding site affects the binding of other ligands at another site. Targeted
influence on albumin with the help of the molecules that modulate its functional properties
could solve many problems in toxicology and pharmacology. For example, Litus et al. [11]
showed that ibuprofen (IBU), an exogenous HSA ligand, increases the affinity of albumin
for the monomer of $-amyloid peptide (A(3, a key pathogenic factor in the development
of Alzheimer’s disease). The revealed increase in HSA-Af interaction under the action of
IBU (and as a result, enhanced inhibition of A fibrillation under the action of HSA in the
presence of IBU) may be an alternative way to prevent the deposition of 3-amyloid peptide
in the brain.

Another topical area of research on albumin is associated with the search for new
diagnostic and prognostic indices. Albumin serves as a predictor of the outcome of many
pathologies, being one of the main biomarkers in diagnosis. Albumin, being the main
protein in blood plasma and other body fluids, takes the first blow under conditions of
oxidative stress, so the redox status of albumin is widely used as a biomarker of various
pathological conditions [4]. Paar et al. [12] investigated the redox status of HSA in patients
with multiple sclerosis. The percentage of reduced and oxidized albumin in the serum
and cerebrospinal fluid (CSF) of the patients and healthy subjects was analyzed. A trend
towards an increased content of irreversibly oxidized HSA in CSF of the patients compared
with the control was revealed. The degree of oxidation of serum albumin was associated
with disability during remission, while the redox status of albumin in CSF was associated
with disease activity.

In a study by Wybranowski et al. [13], 66 hospitalized COVID-19 patients with res-
piratory symptoms were inspected. It was found that inflammatory parameters and
radiological scores of computed tomography (HRCT) significantly correlated with the level
of albumin (negative correlation) and the level of advanced oxidation protein products
(AOPPs, positive correlation). The ratio of AOPPs/albumin significantly correlated with
the level of D-dimers. The revealed correlations confirm the involvement of oxidative
stress in the pathogenesis of COVID-19. These findings broaden knowledge of the role of
oxidized albumin in SARS-CoV-2 infection: oxidized albumin is not just a biomarker of
oxidative stress; it may be involved in the pathophysiology of COVID-19.

Although the level of albumin is widely used as a diagnostic and prognostic marker,
little is known about how the structural integrity and functional activity of albumin corre-
lates with the pathophysiological state of patients. A pilot study by Tsao et al. [14] showed
that serum albumin in 74-year-old subjects was more prone to misfolding compared to
24-year-old ones. The authors hypothesized that misfolding of serum albumin in the elder-
lies may be, at least in part, the result of age-related oxidative stress. Improperly folded
albumin can lose its ability to realize its functional role and can become a pathophysiologi-
cal link in various diseases. Wu et al. [15] performed a meta-analysis of seventeen clinical
trials involving 5828 cancer patients to investigate whether the High-Sensitivity Modified
Glasgow Prognostic Score (HS-mGPS), which takes into account albumin and C-reactive
protein levels, can accurately predict the survival of cancer patients. It turned out that
HS-mGPS can indeed serve as a reliable prognostic biomarker for cancer patients: a high
level of HS-mGPS is associated with poor survival outcomes.

Within the framework of the directions described above, our long-term studies are
devoted to the (pseudo)esterase activity of albumin and how this activity changes under the
influence of various xenobiotics or/and pathological conditions [16-19]. The contribution
of albumin to the esterase status of human blood plasma is of particular interest. Esterase
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status is the set, amount and ratio of the activity of the enzymes from the subclass of
esterases [20]. Esterases play an important role in many key physiological processes in
the body, so the esterase status of blood plasma can claim to be one of the universal
markers of various infectious and non-infectious pathologies, including COVID-19. In our
recent study [21], we compared the esterase status (taking into account the amount and
enzymatic activity of HSA) and other blood biochemical parameters in three groups of
patients: healthy elderly subjects, and surviving and deceased patients with confirmed
COVID-19. Statistically significant differences in esterase status and biochemical parameters
(including albumin level) were found between healthy individuals and patients with
COVID-19, as well as between surviving and deceased patients. A new diagnostic marker
[Urea] x [MDA] x 1000/(BChEb x [ALB]) was identified, which was 10 times higher in
the group of deceased patients vs. the group of survivors, and 26 times higher than in
the group of healthy elderly individuals. The results of our clinical biochemical tests
provide grounds for further large-scale clinical trials in accordance with the requirements
of evidence-based medicine.

It is interesting to note that every year more and more new biomarkers of the severity
of various diseases appear, united by a common denominator—the level of albumin. It em-
phasizes the integrative role of this protein, which serves as a link between various tissues
and organs. As an example, here are a few of these markers described in recent studies:
neutrophil /pre-albumin for diagnosing and predicting disease activity in patients with
inflammatory bowel disease [22]; lactate/albumin as a predictor of in-hospital mortality in
hospitalized cirrhotics [23]; neutrophil /albumin and C-reactive protein/albumin as novel
inflammatory markers in Behcet’s disease [24]; zinc/albumin as potential biomarkers for
a precision medicine approach to COVID-19 [25]; ferritin/albumin as a new indicator of
COVID-19 disease mortality [26]; blood urea nitrogen/albumin for predicting prognostic
outcomes of inpatients with COVID-19 [27]; procalcitonin/albumin for identifying sepsis in
neonates with pneumonia [28]; international normalized ratio/albumin as a novel marker
of upper gastrointestinal bleeding severity [29].

Thus, modern diagnostics, pathogenesis of various diseases, and the development
of therapeutic agents are currently virtually unthinkable without a comprehensive ac-
count of the physicochemical, evolutionary, genetic, and physiological and biochemical
characteristics of albumin. However, albumin can serve not only as a biomarker of the
severity of various pathologies, but also as a means of therapy. The study of this aspect is
another important direction in research on albumin. Due to its essential physiological role,
human albumin is the most sought after among other biopharmaceuticals. Thus, clinical
indications for the use of a 4-5% solution of albumin (isooncotic solution) are hypovolemic
shock, acute liver failure and cardiopulmonary bypass, while indications for the use of a
20-25% solution (hyperoncotic) are hypoalbuminemia, and sepsis or septic shock cirrhosis
of the liver with ascites [30]. Yet it has not been practically studied what percentage of
albumin should be in isotonic solutions of crystalloids during resuscitation in the case
of hypoalbuminemia. The review by Wiedermann [31] published in our Special Issue
summarizes the current evidence and conclusions drawn regarding the role of hypoalbu-
minemia in volume resuscitation. It was concluded that hypoalbuminemia acts as an effect
moderator in volume resuscitation and plasma expansion with intravenous (IV) human
albumin solutions. A review by Kuten Pella et al. [32] summarizes current approaches to
the therapeutic use of albumin in regenerative medicine. Thus, albumin coating can be used
to increase the biocompatibility of various types of implants. Albumin can be combined
with natural or synthetic materials, resulting in novel composites suitable for nervous,
cardiac system, and hard and soft tissue engineering. Several technologies described in the
review have already entered the clinical phase.

Summing up, it can be noted that every year the ideas about the importance of
albumin in human and animal organisms change. Once it was assigned the modest role of
an osmotically active component, then the function of a transport protein was added to
the list of albumin responsibilities, then it was revealed that the protein can be a universal
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biomarker of the severity of various pathologies. Now there is more and more evidence
that the state of albumin (misfolding, oxidation, glycation) can determine human health,
and the disruption of this protein is an independent pathogenetic factor in many diseases.
Without a doubt, in the future, albumin will present us with many more surprises in the
best sense of the word.

Author Contributions: Conceptualization, D.A.B., R.O.J. and N.V.G,; investigation, D.A.B., R.O.J.
and N.V.G,; data curation, D.A.B., R.O.J. and N.V.G.; writing—original draft preparation, D.A.B.;
writing—review and editing, N.V.G. and R.O.].; supervision, N.V.G. All authors have read and agreed
to the published version of the manuscript.

Funding: The work was supported by the State Reserves of IEPhB RAS No. 075-00967-23-00.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Rabbani, G.; Ahn, S.N. Structure, enzymatic activities, glycation and therapeutic potential of human serum albumin: A natural
cargo. Int. J. Biol. Macromol. 2019, 123, 979-990. [CrossRef] [PubMed]

2. De Simone, G.; di Masi, A.; Ascenzi, P. Serum Albumin: A Multifaced Enzyme. Int. ]. Mol. Sci. 2021, 22, 10086. [CrossRef]
[PubMed]

3. Goncharov, N.V,; Belinskaya, D.A.; Razygraev, A.V.; Ukolov, A.I. On the enzymatic activity of albumin. Russ. ]. Bioorganic Chem.
2015, 41, 113-124. [CrossRef] [PubMed]

4.  Belinskaia, D.A.; Voronina, P.A.; Shmurak, V.I.; Vovk, M.A.; Batalova, A.A.; Jenkins, R.O.; Goncharov, N.V. The Universal Soldier:
Enzymatic and Non-Enzymatic Antioxidant Functions of Serum Albumin. Antioxidants 2020, 9, 966. [CrossRef] [PubMed]

5.  Belinskaia, D.A.; Voronina, P.A.; Shmurak, V.I.; Jenkins, R.O.; Goncharov, N.V. Serum Albumin in Health and Disease: Esterase,
Antioxidant, Transporting and Signaling Properties. Int. J. Mol. Sci. 2021, 22, 10318. [CrossRef]

6.  Rodriguez-Alfonso, A.; Heck, A.; Ruiz-Blanco, Y.B.; Gilg, A.; Standker, L.; Kuan, S.L.; Weil, T.; Sanchez-Garcia, E.; Wiese, S.;
Miinch, J.; et al. Advanced EPI-X4 Derivatives Covalently Bind Human Serum Albumin Resulting in Prolonged Plasma Stability.
Int. ]. Mol. Sci. 2022, 23, 15029. [CrossRef] [PubMed]

7. Botti, V,; Cannistraro, S.; Bizzarri, A.R. Interaction of miR-155 with Human Serum Albumin: An Atomic Force Spectroscopy,
Fluorescence, FRET, and Computational Modelling Evidence. Int. J. Mol. Sci. 2022, 23, 10728. [CrossRef]

8. Sanaeifar, N.; Méder, K.; Hinderberger, D. Macro- and Nanoscale Effect of Ethanol on Bovine Serum Albumin Gelation and
Naproxen Release. Int. . Mol. Sci. 2022, 23, 7352. [CrossRef]

9. Jagusiak, A.; Chtopas, K.; Zemanek, G.; Koscik, I.; Skorek, P; Stopa, B. Albumin Binds Doxorubicin via Self-Assembling Dyes as
Specific Polymolecular Ligands. Int. J. Mol. Sci. 2022, 23, 5033. [CrossRef]

10. Kryvenko, V.; Alberro-Brage, A.; Fysikopoulos, A.; Wessendorf, M.; Tello, K.; Morty, R.E.; Herold, S.; Seeger, W.; Samakovlis, C.;
Vadasz, I. Clathrin-Mediated Albumin Clearance in Alveolar Epithelial Cells of Murine Precision-Cut Lung Slices. Int. ]. Mol. Sci.
2023, 24, 2644. [CrossRef]

11. Litus, E.A,; Kazakov, A.S.; Deryusheva, E.I.; Nemashkalova, E.L.; Shevelyova, M.P.; Machulin, A.V.; Nazipova, A.A.; Permyakova,
M.E.; Uversky, V.N.; Permyakov, S.E. Ibuprofen Favors Binding of Amyloid-f Peptide to Its Depot, Serum Albumin. Int. . Mol.
Sci. 2022, 23, 6168. [CrossRef] [PubMed]

12.  Paar, M,; Seifried, K.; Cvirn, G.; Buchmann, A.; Khalil, M.; Oettl, K. Redox State of Human Serum Albumin in Multiple Sclerosis:
A Pilot Study. Int. ]. Mol. Sci. 2022, 23, 15806. [CrossRef] [PubMed]

13.  Wybranowski, T.; Napiorkowska, M.; Bosek, M.; Pyskir, J.; Ziomkowska, B.; Cyrankiewicz, M.; Pyskir, M.; Pilaczyriska-Cemel, M.;
Rogariska, M.; Kruszewski, S.; et al. Study of Albumin Oxidation in COVID-19 Pneumonia Patients: Possible Mechanisms and
Consequences. Int. J. Mol. Sci. 2022, 23, 10103. [CrossRef] [PubMed]

14. Tsao, FH.C.; Meyer, K.C. Human Serum Albumin Misfolding in Aging and Disease. Int. ]. Mol. Sci. 2022, 23, 11675. [CrossRef]
[PubMed]

15.  Wu, T.-H,; Tsai, Y.-T.; Chen, K.-Y.; Yap, W.-K,; Luan, C.-W. Utility of High-Sensitivity Modified Glasgow Prognostic Score in
Cancer Prognosis: A Systemic Review and Meta-Analysis. Int. ]. Mol. Sci. 2023, 24, 1318. [CrossRef] [PubMed]

16. Goncharov, N.V.; Terpilovskii, M.A.; Belinskaya, D.A.; Shmurak, V.I.; Avdonin, P.V. Comparative analysis of esterase and
paraoxonase activities of different serum albumin species. J. Evol. Biochem. Physiol. 2017, 53, 271-281. [CrossRef]

17.  Goncharov, N.V,; Belinskaia, M.A.; Shmurak, V.I.; Terpilowski, M.A; Jenkins, R.O.; Avdonin, P.V. Serum Albumin Binding and

Esterase Activity: Mechanistic Interactions with Organophosphates. Molecules 2017, 22, 1201. [CrossRef]


https://doi.org/10.1016/j.ijbiomac.2018.11.053
https://www.ncbi.nlm.nih.gov/pubmed/30439428
https://doi.org/10.3390/ijms221810086
https://www.ncbi.nlm.nih.gov/pubmed/34576249
https://doi.org/10.1134/S1068162015020041
https://www.ncbi.nlm.nih.gov/pubmed/26165120
https://doi.org/10.3390/antiox9100966
https://www.ncbi.nlm.nih.gov/pubmed/33050223
https://doi.org/10.3390/ijms221910318
https://doi.org/10.3390/ijms232315029
https://www.ncbi.nlm.nih.gov/pubmed/36499357
https://doi.org/10.3390/ijms231810728
https://doi.org/10.3390/ijms23137352
https://doi.org/10.3390/ijms23095033
https://doi.org/10.3390/ijms24032644
https://doi.org/10.3390/ijms23116168
https://www.ncbi.nlm.nih.gov/pubmed/35682848
https://doi.org/10.3390/ijms232415806
https://www.ncbi.nlm.nih.gov/pubmed/36555448
https://doi.org/10.3390/ijms231710103
https://www.ncbi.nlm.nih.gov/pubmed/36077496
https://doi.org/10.3390/ijms231911675
https://www.ncbi.nlm.nih.gov/pubmed/36232977
https://doi.org/10.3390/ijms24021318
https://www.ncbi.nlm.nih.gov/pubmed/36674837
https://doi.org/10.1134/S0022093017040032
https://doi.org/10.3390/molecules22071201

Int. . Mol. Sci. 2023, 24, 13725 50f5

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Belinskaia, D.A.; Terpilovskii, M.A.; Batalova, A.A.; Goncharov, N.V. Effect of Cys34 oxidation state of albumin on its interaction
with paraoxon according to molecular modeling data. Russ. J. Bioorganic Chem. 2019, 45, 535-544. [CrossRef]

Belinskaia, D.A.; Voronina, P.A.; Vovk, M.A,; Shmurak, V.I.; Batalova, A.A.; Jenkins, R.O.; Goncharov, N.V. Esterase Activity of
Serum Albumin Studied by "H NMR Spectroscopy and Molecular Modelling. Int. J. Mol. Sci. 2021, 22, 10593. [CrossRef]
Sokolovskaya, L.G.; Sigolaeva, L.V.; Eremenko, A.V.; Kurochkin, LN.; Makhaeva, G.F; Malygin, V.V.; Zykova, L.E.; Kholstov, V.L;
Zavyalova, N.V. Family of biosensor analyzers for assessment of “esterase status” of organism. Chem. Biol. Defence 2004, 1-2
(13-14), 21-31.

Belinskaia, D.A.; Voronina, P.A.; Popova, PI; Voitenko, N.G.; Shmurak, V.I; Vovk, M.A_; Baranova, T.I; Batalova, A.A.; Korf, E.A,;
Avdonin, P.V;; et al. Albumin Is a Component of the Esterase Status of Human Blood Plasma. Int. J. Mol. Sci. 2023, 24, 10383.
[CrossRef] [PubMed]

Pan, J.; Li, J.; Gao, Y. The value of 7 peripheral blood serum ratios in diagnosis and prediction of disease activity of patients within
inflammatory bowel disease individuals. Front. Med. 2023, 10, 1122005. [CrossRef] [PubMed]

Krispin, I.; Mahamid, M.; Goldin, E.; Fteiha, B. Elevated lactate/albumin ratio as a novel predictor of in-hospital mortality in
hospitalized cirrhotics. Ann. Hepatol. 2023, 28, 100897. [CrossRef] [PubMed]

Kamal, D.E.; Zaghlol, R.S.; Hussien, M.H.S.; Makarm, W.K. Utility of neutrophil/albumin ratio and C-reactive protein/albumin
ratio as novel inflammatory markers in Behcet’s disease. Reumatol. Clin. (Engl. Ed.). 2023, 19, 188-196. [CrossRef]

Benedetti, S.; Sisti, D.; Vandini, D.; Barocci, S.; Sudano, M.; Carlotti, E.; Teng, J.L.L.; Zamai, L. Circulating ACE2 level and
zinc/albumin ratio as potential biomarkers for a precision medicine approach to COVID-19. Adv. Biol. Regul. 2023, 89, 100973.
[CrossRef]

Taskin, 0O.; Yilmaz, A.; Soylu, V.G.; Demir, U.; Catan Inan, F. Ferritin/albumin ratio could be a new indicator of COVID-19 disease
mortality. J. Infect. Dev. Ctries. 2023, 17, 37-42. [CrossRef]

Hung, K.C,; Li, Y.Y,; Huang, Y.T,; Liu, PH.; Hsu, CW.; Ho, C.N.; Hung, L.Y.; Chang, ES.; Sun, C.K. Efficacy of blood urea
nitrogen-to-albumin ratio for predicting prognostic outcomes of inpatients with COVID-19: A meta-analysis. Medicine 2023, 102,
e33007. [CrossRef]

Li, T; Li, X;; Zhu, Z,; Liu, X.; Dong, G.; Xu, Z.; Zhang, M.; Zhou, Y.; Yang, J.; Yang, J.; et al. Clinical value of procalcitonin-to-
albumin ratio for identifying sepsis in neonates with pneumonia. Ann. Med. 2023, 55, 920-925. [CrossRef]

Choi, J.; Lee, J.S.; Lee, S.; Kim, YYW.; Lee, Y.; Kim, T.Y. International Normalized Ratio-to-Albumin Ratio as a Novel Marker of
Upper Gastrointestinal Bleeding Severity. Gastroenterol. Res. Pract. 2022, 2022, 1172540. [CrossRef]

Melia, D.; Post, B. Human albumin solutions in intensive care: A review. |. Intensive Care Soc. 2021, 22, 248-254. [CrossRef]
[PubMed]

Wiedermann, C.J. Moderator Effect of Hypoalbuminemia in Volume Resuscitation and Plasma Expansion with Intravenous
Albumin Solution. Int. J. Mol. Sci. 2022, 23, 14175. [CrossRef]

Kuten Pella, O.; Hornyak, I.; Horvathy, D.; Fodor, E.; Nehrer, S.; Lacza, Z. Albumin as a Biomaterial and Therapeutic Agent in
Regenerative Medicine. Int. . Mol. Sci. 2022, 23, 10557. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1134/S1068162019060086
https://doi.org/10.3390/ijms221910593
https://doi.org/10.3390/ijms241210383
https://www.ncbi.nlm.nih.gov/pubmed/37373530
https://doi.org/10.3389/fmed.2023.1122005
https://www.ncbi.nlm.nih.gov/pubmed/37089594
https://doi.org/10.1016/j.aohep.2023.100897
https://www.ncbi.nlm.nih.gov/pubmed/36632976
https://doi.org/10.1016/j.reuma.2022.05.002
https://doi.org/10.1016/j.jbior.2023.100973
https://doi.org/10.3855/jidc.17409
https://doi.org/10.1097/MD.0000000000033007
https://doi.org/10.1080/07853890.2023.2185673
https://doi.org/10.1155/2022/1172540
https://doi.org/10.1177/1751143720961245
https://www.ncbi.nlm.nih.gov/pubmed/34422108
https://doi.org/10.3390/ijms232214175
https://doi.org/10.3390/ijms231810557
https://www.ncbi.nlm.nih.gov/pubmed/36142472

	References

