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Summary
Objective. To conduct a literature review to establish the role of cyanobacterial bioactive compounds - sulfated polysaccharides synthesized in S. 
platensis on the immune disturbances and metabolic disorders in patients with respiratory diseases, including tuberculosis.
Material and methods. A systematic literature review was conducted and the electronic sources published through the PubMed and HINARI 
collection of health literature were evaluated. Printed material was searched through the Universal Decimal Classification (UDC).
Results. Sulfated polysaccharides are intensively studied as they constitute an important source of biologically active compounds. Original 
biotechnological models for cultivating the cyanobacterium Arthrospira (Spirulina) platensis (S. platensis) were created at the Institute of Microbiology 
and Biotechnology of the Academy of Sciences of the Republic of Moldova, and the extraction and purification methods of the biologically active 
compounds with therapeutic effects were improved. The mechanism of action of the bioactive compounds extracted from S. platensis are different 
and selective.
Discussions. The bioactive components extracted from S. platensis possess antimicrobial (including antiviral), antitumor, antioxidant, radioprotective 
and immunostimulating effects with the differentiated level of action.
Conclusions. Further studies are needed to evaluate the mechanisms of action of the bioactive compound extracted from S. platensis in other 
biosystems and experiments.
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Introduction
Medical biotechnology represents an important direction 

in actual science, which offers new ways to strengthen health 
and prevent the risks associated with pollution, wrong diets, 
and exposure to various infectious agents [1, 2]. In recent 
years, cyanobacterial carbohydrates have been intensively 
studied as a source of biologically active substances [3-9]. 
Concomitantly new original biotechnological models of 
direct cultivation of Arthrospira (Spirulina) platensis (S. 
platensis) were created, and the extraction and purification 
methods of biologically active compounds with curative 
effects were improved [10]. 

Current scientific achievements established new targets 
for the implementation of biological active medicines in 
the treatment of autoimmune and inflammatory disorders. 
In this frame of reference, particularly valuable are the 
biological active compounds - sulfated polysaccharides 
(SPS) synthesized in cyanobacteria S. platensis, which 
demonstrated an immune modulating effect, and provided 
evidence to possess multiple curative actions in healthy 
and sick organisms [11-13]. SPS represents polyanionic 
complexes located on the external surface of cell membranes 
and in the extracellular space. The structural complexity of 
SPS is based on several molecules: fructose, rhamnose, xylose, 
mannose, glucose, and galactose, various isomeric forms 

and types of glycosidic bonds, and the three-dimensional 
structure [14]. SPS plays a particularly important role in the 
vital activity of organisms, having the functions of tissue 
barrier, cell adhesion, protection against pathogens, as well 
as the reservoir of growth factors [2, 5].

Recent studies demonstrated that the development, 
evaluation, and testing of new remedies based on SPS 
synthesized in cyanobacteria S. platensis for the modulation 
of immune disorders in respiratory system diseases, espe-
cially in tuberculosis (TB), possess a particular interest [14-
16]. The fact is due to the increased prevalence of diseases in 
the Republic of Moldova (RM) and the associated disability 
[17, 18]. It was demonstrated that improving the treatment 
outcomes in patients with TB can be achieved by developing 
immune-modulating drugs, containing extracted SPS based 
on the updated knowledge regarding the involvement of 
different pathogenic disturbances at the molecular level in 
the evolution of the disease [19]. A particular interest in this 
aspect is offered to the SPS obtained from the cyanobacterium 
S. platensis created at the Sciences Academy of the R. of 
Moldova Institute of Microbiology and Biotechnology. The 
drugs BioR®, BioRCr, BioRGe, BioRZn®, ZooBioR® and ZooBioR2 
contain the bioactive compounds obtained from the biomass 
of S. platensis and include amino acids, SPS, polyunsaturated 
fatty acids, macro-, meso- and microelements [2, 5]. For 
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human use BioR® is distributed in tablets of 5 mg produced 
by Farmateh LTD, BioRZn® is supplemented with zinc,  BioRGe 
- germanium, and BioRCr with chrome [2]. Despite multiple 
studies available until now in the open access literature 
about the role of cyanobacterial bioactive compounds, we 
could not find detailed studies on the influence of sulfated 
polysaccharides synthesized in S. platensis and immune-
modulating drugs based on it on the immune disturbances 
and metabolic disorders in patients with respiratory diseases. 
The aim of the study was to conduct a literature review 
establishing the role of cyanobacterial bioactive compounds 
- sulfated polysaccharides synthesized in S. platensis on the 
immune disturbances and metabolic disorders in patients 
with respiratory diseases, and tuberculosis.

Material and methods
Was conducted a systematic literature review and the 

material for the research constituted the electronic sources 
published through the PubMed web interface and HINARI 
collection of health literature. The Universal Decimal 
Classification (UDC) method was used for searching the 
printed sources. Bibliographic resources were systematized 
by subject and content. 

Results
The pharmacological activity of S. platensis and its role in 

the development of new bioactive compounds 
Cyanobacteria S. platensis represents an important 

source for obtaining biologically active compounds widely 
applied in food, cosmetics, pharmacology, agriculture, and 
zootechnology [2-10]. Recent studies established the curative 
effects of bioactive compounds synthesized by cyanobacteria 
S. platensis and demonstrated the possibilities of their specific 
use as therapeutical drugs in various pathologies, infectious 
and non-communicable diseases establishing the therapeutic 
mechanisms [2, 16, 28]. Many studies demonstrated 
that S. platensis has several pharmacological properties 
- antimicrobial (including antiviral and antibacterial), 
antitumor, antioxidant, and immune-stimulating effects [2, 
3, 7, 12, 14-19]. A new property was recently established 
which is metal protective and consists in the prevention of 
injury during the poisoning with heavy metals – chromium, 
cadmium, plumb, iron, and hydrargyrum [20]. The 
enumerated roles are due to its high content of proteins, 
polysaccharides, lipids, amino acids, essential fatty acids, 
minerals, vitamins (ascorbate, carotenoids), glutathione, 
catechins and other bioactive compounds [2, 5, 10, 13]. The 
results of some studies demonstrated that S. platensis showed 
favorable effects on carbohydrate and lipid metabolism, 
immune and digestive systems, and antioxidant capacity 
in elders and hens in which S. platensis was used as a food 
supplement [8, 20].

There were published studies on the use of S. platensis in 
hepatic steatosis and hepatic carcinoma, which confirmed 
its anti-oxidant and hepatoprotective properties [2, 15, 
21]. It was found that the administration of S. platensis 
before exposure to cyclophosphamide protects the rats 
from cyclophosphamide-induced nephrotoxicity, due to its 

antioxidant and anti-apoptotic properties, stimulates the 
enzymatic hydrolysis of the liver extracellular matrix, restores 
the indices of protein metabolism, enzymes of carbohydrate 
metabolism and metabolites, induce 5'-nucleotidase and 
high level of adenosine activity, a potent endogenous anti-
inflammatory enzyme [19]. Plant-based SPS was established 
to reduce the growth of metastatic neoplasms, and 
angiogenesis, and induce apoptosis in tumor tissue [5, 12].

SPS synthesized in S. platensis demonstrated several 
important properties - anticoagulant and antithrombotic, 
antitumor and cancer prevention, hypolipidemic and 
hypoglycemic, antimicrobial, anti-inflammatory and 
antioxidant, which makes them promising as a bioactive 
compound in biomaterials with a wide range of applications 
[2, 6, 11-16, 20-22]. The anticoagulant properties of 
SPS in correlation with the improvement of fibrinolytic 
activity and the inhibition of the proliferation of smooth 
muscle cells and vascular endothelium are therapeutic 
remedies used in the prevention of atherosclerosis [22]. 
Sodium spirulan, SPS obtained from S. platensis, increases 
the production of endothelial proteoglycans, proving an 
efficient anti-thrombotic activity and anti-viral activity [23]. 
SPS synthesized in S.  platensis is used to control the drug 
release in regenerative medicine for the treatment of infected 
wounds and tissue engineering as well [24]. SPS was studied 
for clinical application in the development of vaccines and 
antimicrobial biopolymers [24, 25].  

S. platensis contains a high concentration of antioxidants, 
which ensure the inhibition of oxidative reactions through 
the mechanisms of reduction of the reactive oxygen species 
(ROS) and in particular, of the hydroxyl ones, which are 
the most dangerous [15]. The mechanism through which 
reduces oxidative stress consists in the increase of the 
antioxidant enzymes, manifested by the activation of catalase 
and superoxide dismutase [15]. Also, the antioxidant activity 
of SPS synthesized in S. platensis was proved through the 
radioprotective effect in oncology for the rapid restoration 
of the hematopoietic system and reducing the level of ROS 
formed as a result of radiological treatment [26].

The role of polysaccharides synthesized in S. platensis in 
the modulation of the immune disturbances in patients with 
respiratory diseases, including tuberculosis

Data recently published demonstrated that the SPS 
extracted from S. platensis improves the immune reacti-
vity in several ways: a) increases the number of peripheric 
neutrophils and stimulates their migration and differen-
tiation in macrophages; b) improves the activity of reticulo-
endothelial cells of the liver and of splenocytes; c) increases 
the number of neutrophils and lymphocytes; d) stimulates the 
production of antibodies, anti-inflammatory interleukins, 
and e) decreases the synthesis of tumor necrosis factor α and 
other pro-inflammatory cytokines [16, 18, 27, 28]. 

In a recent study, the antioxidant, immunomodulatory, 
and anti-angiogenic effects of S. platensis were demonstrated 
in the induced arthritis model in rats, through the decrease in 
the plasma concentrations of pro-inflammatory interleukins 
(COX-2, TNF-α, IL-6) and malondialdehyde. Also, it 
induced the improvement of the serum level of glutathione 
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(GSH) compared to the unexposed group of patients [28].
Several studies established antiviral properties of SPS from 

S. platensis associated with the immune-modulation activity. 
SPS was found to be active against the herpes virus, human 
cytomegalovirus and human immune deficiency virus [13, 
14, 23]. The main mechanism responsible for the antiviral 
action is the increase of the innate antiviral resistance, by 
direct activation through the TLR-dependent mechanism 
of the production of interferons (IFN) type I (IFN-ἀ and 
IFN-beta) and indirectly mechanism by the production of 
type II IFN - IFN-γ [23]. Another anti-viral mechanism of 
SPS represents the constitution of cell barriers, by inhibiting 
cellular adhesion by this way protecting the organism against 
multiple pathogens, including viruses [23]. SPS extracted 
from S. platensis determined an important effect on the 
immune system by building and activating the receptors 
on macrophages and leukocytes [12, 16]. In experimental 
peritonitis, SPS significantly increased the production of 
IL-1 and IFN-γ by peritoneal macrophages [6].

SPS of cyanobacterial origin represents an important 
source for the development of effective and harmless 
bioactive drugs with immune and adaptogenic properties 
particularly valuable in the treatment of patients with 
respiratory non-communicable and infectious diseases 
[2, 5, 10, 15]. It was established that the interaction of SPS 
extracted from the seaweeds Laminaria japonica, Laminaria 
cichorioides, Fucus evanescens and human Toll-like receptors 
(TLRs), expressed on the membranes of human embryonic 
kidney cells, activated the nuclear transcription factor NF-kB 
by specifically binding to TLR-2 and TLR-4 [27]. The results 
indicated that the extracted SPS - fucoidans could be efficient 
drugs in the defense against pathogenic microorganisms 
belonging to different classes [28].

Zinc is a microelement with a decisive role in the regulation 
of immune function. Its optimal levels ensure the efficient 
activity of T-lymphocytes, innate resistance, determines the 
switching of the antibody synthesis to the production of 
immune cells, as well, as have hyposensitization and anti-
anaphylactic effects [29]. The BioRZn® demonstrated an 
enhanced immune response because is a zinc-supplemented 
drug and could be recommended as an immune-stimulating 
drug in patients with tuberculosis and adaptogenic in patients 
with adverse drug reactions to the anti-TB drugs [30]. 

Important data were published regarding the influence of 
SPS on immune reactivity in patients with non-communicable 
respiratory diseases [31, 32]. Was demonstrated that 
SPS in patients with bronchial asthma modulates airway 
inflammation by decreasing the concentration of mediators 
of inflammation (IL-2, TNF-α, TGF-β) and fibrogenesis 
(connective tissue growth factor), restores the indices of 
protein metabolism, the level of metabolites and enzymes 
of carbohydrate metabolism, reduces the level of lipid 
hydroperoxides, improves thiol-disulfide metabolism. In 
moderate and severe forms of bronchial asthma [31]. SPS 
increased the activity of glucose-6-phosphate dehydrogenase, 
decreased the serum level of pro-inflammatory interleukins 
IL-6 and TNF-α, and increased the level of anti-inflammatory 
IL-10 values and maintained TGF-β1 at optimal level [31].

Several studies demonstrated that the mechanisms of 
action of SPS and derivated immune-modulating drugs in 
patients with TB consist in the increasing the functional 
activity of lymphocytes, and increasing the rate of CD4 
cells. In patients with bronchial asthma was established that 
restored the normal values of enzymes - acid phosphatase 
suppressed the N-acetil-β-glucosaminidase, maintained at 
the optimal levels the functional activity of β-glucosidase, 
β-galactosidase and arylsulphatases [33, 34].

Discussions
Our research was focused on the literature review 

establishing the pharmacological activity of cyanobacterial 
bioactive compounds and the role in the evaluation of the 
immune disturbances in patients with respiratory diseases, 
including tuberculosis. The electronic sources published 
through the PubMed web interface and HINARI collection 
of health literature and the printed sources searched using 
the UDC were systematized by subject and content. An 
important research outcome was the identification of 
challenges in achieving high anti-TB treatment success rate 
which certainly required the development of certain optimal 
and harmless therapeutic methods targeting the immune 
and metabolic disturbances [14, 16, 30, 33]. Sciences 
Academy of the R. of Moldova Institute of Microbiology 
and Biotechnology developed new industrial and laboratory 
techniques in biotechnology for the cultivation of biomass 
of S. platensis and extraction of bioactive compounds: SPS 
(calcium spirulan), amino acids, polyunsaturated fatty 
acids (linoleic acid), vitamins (ascorbate, carotenoids), 
glutathione, catechins and macro-, meso- and microelements 
obtained from the cyanobacterium S. platensis. New drugs 
were developed and registered for the human use – BioR®, 
BioRCr , BioRGe, BioRZn®, and zootechnologies – ZooBioR® 
and ZooBioR2 [2, 10]. The scientific publications, to which 
we had access, demonstrated that the bioactive components 
extracted from S. platensis possess antibacterial, antifungal, 
antiviral, antitumor, antioxidant, radioprotective, and 
immunostimulating effects [2-4, 14-16, 18-34]. The 
biochemical and immunochemical mechanisms of SPS 
extracted from S. platensis and derivative drugs is selective 
and differentiated and further research in this direction is of 
undeniable relevance and value. 

Conclusions
• The pharmacological activity of cyanobacteria S. platensis 

is extremely wide and the extracted biologically active 
compounds are applied in food, cosmetics, pharmacology, 
agriculture, and zootechnology.

• The cultivation of cyanobacteria S. platensis in the labo-
ratory and industrial conditions allows the obtaining of 
biologically active compounds, which showed a wide range 
of pharmacological properties – antimicrobial, antitumor, 
antioxidant, radio-protective, and immune-stimulating.

• The mechanisms of action of the bioactive compounds 
extracted from S. platensis are different and selective, 
and further studies are needed to evaluate them in other 
biosystems and experiments.



17Arta
Medica . Nr. 1 (86), 2023

Bibliography
1. Ghicavii V, Stratu E, Coretchi I. The role of scientific research in the field of medicines and the development of the pharmaceutical industry. Moldovan Medical 

Journal. 2018;61(3):53-56. doi:10.5281/zenodo.1456890
2. Rudic V. Ficobiotehnologie. Cercetări fundamentale şi realizări practice. Chișinău: Editura Elena V.I; 2007. (Romanian).
3. Hosseini SM, Khosravi-Darani K, Mozafari MR. Nutritional and medical applications of spirulina microalgae. Mini Rev Med Chem. 2013;13(8):1231-1237. 

doi:10.2174/1389557511313080009
4. Ibañez E, Cifuentes A. Benefits of using algae as natural sources of functional ingredients. J Sci Food Agric. 2013;93(4):703-709. doi:10.1002/jsfa.6023
5. Jiao G, Yu G, Zhang J, Ewart HS. Chemical structures and bioactivities of sulfated polysaccharides from marine algae.  Mar Drugs. 2011;9(2):196-223. Published 

2011 Feb 8. doi:10.3390/md9020196
6. Bondar A, Macari V, Rudic V, et al. Effects of ZooBioR2 product as feed supplement in laying hens on the morphofunctional state of intestinal mucosa. Arq Bras 

Med Vet Zootec. 2022;74(4):626-632. doi:10.1590/1678-4162-12592.
7. de Jesus Raposo MF, de Morais AM, de Morais RM. Marine polysaccharides from algae with potential biomedical applications. Mar Drugs. 2015;13(5):2967-

3028. doi:10.3390/md13052967
8. Mišurcová L, Škrovánková S, Samek D, Ambrožová J, Machů L. Health benefits of algal polysaccharides in human nutrition. Adv Food Nutr Res. Vol. 66, 

Burlington: Academic Press, 2012, pp. 75-145. ISBN: 978-0-12-394597-6 2012;66:75-145. doi:10.1016/B978-0-12-394597-6.00003-3
9. Nair DG, Weiskirchen R, Al-Musharafi SK. The use of marine-derived bioactive compounds as potential hepatoprotective agents. Acta Pharmacol Sin. 

2015;36(2):158-170. doi:10.1038/aps.2014.114
10. Rudic V. BioR – Studii biomedicale şi clinice. Chişinău: Elena VI; 2007. (Romanian)
11. Ngo DH, Kim SK. Sulfated polysaccharides as bioactive agents from marine algae. Int J Biol Macromol. 2013;62:70-75. doi:10.1016/j.ijbiomac.2013.08.036 
12. Rudic V, Gudumac V, Gulea A. Valorificarea formelor medicamentoase de BioR în stomatologie. Intellectus. 2006;4:47-52. (Romanian)
13. Ghosh T, Chattopadhyay K, Marschall M, Karmakar P, Mandal P, Ray B. Focus on antivirally active sulfated polysaccharides: from structure-activity analysis to 

clinical evaluation. Glycobiology. 2009;19(1):2-15. doi:10.1093/glycob/cwn092
14. Pantea V, Rudic V, Spînu C.  Combined Tamiflu and BioR Treatment in Patients with H1N1 Influenza. Curierul Medical. 2011;3(321):32-35. 
15. Cepoi L. Stresul oxidativ și efectele lui asupra cianobacteriilor și microalgelor de interes biotehnologic. Chisinau: Tipografia Artpoligraf; 2021. (Romanian)
16. Lesnic E., Ghinda S., Rudic V.. Rolul activităţii immunocorectoare a remediului BioR la pacienţii cu eşec al tratamentului antituberculos. Curierul Medical. 

2013;6(56):25-32. 
17. Biroul Național de Statistică a Republicii Moldova. Anuarul statistic al Republicii Moldova. Chișinău; 2020. (Romanian)
18. Calenda O, Lesnic E, Ghinda S. Reacţiile de adaptare şi indicatorii reactivităţii imune în tuberculoza pulmonară sub influenţa adaptogenului BioR. Sănătate 

Publică, Economie şi Management în Medicină. 2015;2(59):60-64. (Romanian)
19. Andronache L, Tagadiuc O, Sardari V, Ştîrba O, et al. Modificările proceselor de oxidare cu radicali liberi şi protecţiei antioxidante în intoxicaţia cu CCl4 şi 

influenţa polizaharidelor sulfatate din spirulină. Anale ştiinţifice ale USMF „Nicolae Testemițanu". Vol. I. Probleme medico-biologice şi farmaceutice. 2013;112-
118. (Romanian)

20. Bhattacharya S. The Role of Spirulina (Arthrospira) in the Mitigation of Heavy-Metal Toxicity: An Appraisal. J Environ Pathol Toxicol Oncol. 2020;39(2):149-157. 
doi:10.1615/JEnvironPatholToxicolOncol.2020034375

21. Mazokopakis EE, Papadomanolaki MG, Fousteris AA, Kotsiris DA, Lampadakis IM, Ganotakis ES. The hepatoprotective and hypolipidemic effects of Spirulina 
(Arthrospira platensis) supplementation in a Cretan population with non-alcoholic fatty liver disease: a prospective pilot study. Ann Gastroenterol. 
2014;27(4):387-394.

22. Majdoub H, Ben Mansour M, Chaubet F, Roudesli MS, Maaroufi RM. Anticoagulant activity of a sulfated polysaccharide from the green alga Arthrospira 
platensis. Biochim Biophys Acta. 2009;1790(10):1377-1381. doi:10.1016/j.bbagen.2009.07.013

23. Hayashi K, Hayashi T, Kojima I. A natural sulfated polysaccharide, calcium spirulan, isolated from Spirulina platensis: in vitro and ex vivo evaluation of anti-
herpes simplex virus and anti-human immunodeficiency virus activities. AIDS Res Hum Retroviruses. 1996;12(15):1463-1471. doi:10.1089/aid.1996.12.1463

24. de Morais MG, Vaz Bda S, de Morais EG, Costa JA. Biological effects of Spirulina (Arthrospira) biopolymers and biomass in the development of nanostructured 
scaffolds. Biomed Res Int. 2014;2014:762705. doi:10.1155/2014/762705 

25. Chu WL, Quynh le V, Radhakrishnan AK. Effect of Spirulina (Arthrospira) supplementation on the immune response to tetanus toxoid vaccination in a mouse 
model. J Diet Suppl. 2013;10(3):229-240. doi:10.3109/19390211.2013.822452 

26. Atilgan HI, Akbulut A, Yazihan N, et al. The Cytokines-Directed Roles of Spirulina for Radioprotection of Lacrimal Gland [published online ahead of print, 2022 
Jan 20]. Ocul Immunol Inflamm. 2022;1-6. doi:10.1080/09273948.2022.2026409

27. Makarenkova ID, Logunov DY, Tukhvatulin AI, Semenova IB, Besednova NN, Zvyagintseva TN. Interactions between sulfated polysaccharides from sea brown 
algae and Toll-like receptors on HEK293 eukaryotic cells in vitro. Bull Exp Biol Med. 2012;154(2):241-244. doi:10.1007/s10517-012-1922-2

28. Ali EA, Barakat BM, Hassan R. Antioxidant and angiostatic effect of Spirulina platensis suspension in complete Freund's adjuvant-induced arthritis in rats. PLoS 
One. 2015;10(4):e0121523. Published 2015 Apr 8. doi:10.1371/journal.pone.0121523

29. Prasad AS. Zinc in human health: effect of zinc on immune cells. Mol Med. 2008;14(5-6):353-357. doi:10.2119/2008-00033.Prasad
30. Ghinda S, Rudic V, Chiriac T, Chirosca V, Brumaru T, et al. In vitro studies of actions of BioR and BioR Zn preparations on functional activity of T lymphocytes in 

patients with adverse drug reactions. Curierul medical. 2013;56(5):127-130. 
31. Mihalciuc O, Procopișin L, Rudic V. Influenţa polizaharidelor sulfatate din spirulina platensis asupra profilului citokinic sangvin în normă şi astmul bronşic 

asociat.  Buletinul Academiei de Știinţe a Moldovei. Ştiinţe medicale. 2016;1(50):220-225. (Romanian)
32. Ismail M, Hossain MF, Tanu AR, Shekhar HU. Effect of spirulina intervention on oxidative stress, antioxidant status, and lipid profile in chronic obstructive 



18 Arta
Medica

.Nr. 1 (86), 2023

pulmonary disease patients. Biomed Res Int. 2015;2015:486120. doi:10.1155/2015/486120
33. Ghinda S, Rudic V, Chiriac T, et al. Modificările activităţii funcţionale a limfocitelor şi neutrofilelor sub influenţa preparatului BioR la bolnavii cu tuberculoză 

pulmonară. Buletinul Academiei de Ştiinţe a Moldovei. Ştiinţe Medicale. 2007;3(12):94-98. (Romanian)
34. Ku CS, Pham TX, Park Y, et al. Edible blue-green algae reduce the production of pro-inflammatory cytokines by inhibiting NF-κB pathway in macrophages and 

splenocytes. Biochim Biophys Acta. 2013;1830(4):2981-2988. doi:10.1016/j.bbagen.2013.01.018 

Received – 11.08.2022, accepted for publication – 23.03.2023
Corresponding author: Evelina Lesnic, e-mail: evelina.lesnic@usmf.md
Conflict of interest Statement: The authors reports no conflicts of interest in this work.
Funding Statement: The authors reports no financial support.

Citation: Lesnic E, Ghinda S. The modulation activity of the sulfated polysaccharides synthesized in cyanobacteria Spirulina 
platensis and its role as a new bioactive compound. Arta Medica. 2023;86(1):14-18.


