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ABSTRACT

The SARS-CoV-2 spike protein is a long-lasting foreign 
pathogenic protein found in cells and tissues after COVID-19 
respiratory illness and COVID-19 vaccination. The spike protein 
incites an inflammatory response and is a potent activator of 
nuclear factor kappa light chain enhancer of activated B cells 
(NF-κB). It can adversely impact any of the vital organs, such 
as the heart, lungs, brain, and kidneys, by inducing a severe 
autoimmune attack. The spike protein has been described as 
the causative factor for cardiovascular complications leading to 
increased mortality following mRNA injections. It can cause a 
cytokine storm that characterizes many cases of fatal COVID-19 
respiratory illness. Additionally, it drives sustained inflammation 
in long COVID and vaccine injury syndromes in multiple tissues 
and organs and also by crossing the blood-brain barrier (BBB), 
where protective antibodies cannot act, thereby causing severe 
neuroinflammation through microglial activation and NF-
κB. It is therefore of utmost importance to repurpose drugs 
and introduce natural agents, in order to provide nontoxic 
therapies for spike protein injury syndromes, after COVID-19 
illness, vaccination, and both exposures in combination. The 
systemic use of proteolytic naturally derived enzymes becomes 
of medical interest and could offer a safe and efficacious 
solution for the alleviation of both spike-protein-associated 
symptomatology and pathology.

Introduction

The spike glycoprotein of SARS-CoV-2 is strongly 
implicated as the viral protein responsible for inducing the 
severe pathologies caused by cytokine storm associated 
with COVID-19.1 The COVID-19 (mRNA) genetic vaccination-
expressed spike protein is thought to be responsible for 
sudden deaths and/or severe side effects.2 Potentially because 
of its molecular mimicry of myocyte antigens, the spike 
protein has been speculated to be the cause of autoimmune-
associated myocarditis resulting in death.2 It might also lead 
to the impairment of innate immunity that is associated with 
autoimmunity and cancer.3 

The spike protein’s associated pathologies are primarily 
produced by inducing a severe NF-κB response in various 
organs,4 which initiates a chronic inflammatory state.5 

Amino acid sequences coded for by the injected mRNA 
vaccines have been found circulating in the blood 28 days 
post-injection.6 Furthermore, markedly elevated levels of 
the full-length spike protein (33.9±22.4 pg/mL), unbound by 
antibodies, were detected in the plasma of individuals with 
postvaccine myocarditis, whereas no free spike was detected 
in asymptomatic vaccinated control subjects.7 This suggests 
that therapy that can successfully remove the protein from the 

circulation might be beneficial. 
A high concentration of circulating full-length spike protein 

in plasma causes haemagglutination, and this is related to high 
incidences of morbidity.8 Usually, in patients with mild COVID-19, 
the spike protein is cleared from the blood even before 15 
days post-infection by specific T cell and antibody responses. 
By contrast, the persistence of spike protein circulating in the 
blood is encountered only in COVID-19 patients with severe 
symptoms requiring oxygen supplementation.9 The presence 
of spike S1 protein in CD16+ monocytes up to 15 months after 
COVID-19 infection has been implicated in the pathology of 
long COVID,10 and it has been hypothesized that it could be the 
main factor responsible for long COVID.11 

There is an urgent need to establish a therapeutic approach 
that has as its focus the circulating spike protein, preventing it 
from initiating an inflammatory and/or autoimmune reaction 
in tissues it is known to target such as the heart and the central 
nervous system. Equally important, this therapeutic approach 
should, to the greatest extent possible, counteract the NF-
kB activation and its related pathologies. This inflammatory 
activation is associated with both mRNA genetic vaccinations 
and long COVID, which share common symptoms. For 
example, long COVID has a significant association with the 
development of postural orthostatic tachycardia syndrome 
(POTS).12 Likewise, tachycardia has been documented following 
mRNA genetic vaccination.13,14 Additionally, ventricular 
fibrillation was described as a contributing causal factor in a 
myocarditis-associated death due to cardiac arrest following an 
mRNA genetic therapy (“vaccination”).15 Similarly, ventricular 
tachycardia, which can result in ventricular fibrillation, has been 
described in association with long COVID.16 This overlap in the 
cardiac and autonomic symptoms associated with both long 
COVID and mRNA injection sequelae strongly suggests that 
they could both benefit from a common therapeutic approach.

Spike Protein Degradation

The SARS-CoV-2 spike protein monomers naturally 
assemble into a trimeric structure.17 The protein is composed 
of two subunits, both of which contribute to its associated 
pathologies. The S1 subunit includes the receptor binding 
domain (RBD) that engages the angiotensin-converting 
enzyme 2 (ACE2) human receptor, and the S2 subunit facilitates 
cell fusion and viral entry.18,19 

A possible therapeutic approach would rely on the use of 
natural agents that can possibly result in proteolytic cleavage 
and hence change the tertiary structure of circulating spike 
protein in the blood before it is able to interact with ACE2 
receptors. The same proteolytic agents could render impaired 
the spike proteins expressed on the antigen-presenting 
immune cells following an mRNA vaccination. Such a spike 
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protein inactivation would also mitigate its NF-κB-induced 
pathology.4,5 Proteolytic enzymes that degrade the spike 
protein have been recently described,20 and they take on 
significant therapeutic import as a means of combatting spike-
protein-induced coagulopathies, preventing the associated 
inflammation, and potentially mitigating other spike-protein-
induced neurodegenerative effects.

Nattokinase (NK)

One candidate agent is nattokinase (NK), a fibrinolytic 
enzyme found in the vegetable cheese natto, which is a typical 
soybean food eaten in Japan.21 NK is produced by Bacillus subtilis 
var. natto and is known for its traditional medicinal properties. 
It has been a common component of the Japanese diet for 
centuries. NK is a serine protease, which efficiently degrades 
fibrins and plasmin substrates.21,22 Oba et al. found that a natto 
extract contains a protease(s) that inhibits viral infection, such 
as by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) as well as bovine herpesvirus 1 (BHV-1), through the 
proteolysis of the viral proteins.22 Tanikawa et al.23 found that NK 
degraded the spike protein of SARS-CoV-2 in a dose-dependent 
manner and that it also degraded the spike protein on the cell 
surface. In addition, in this study the NK was found to efficiently 
degrade the RBD of the SARS-CoV-2 spike protein. Furthermore, 
in HEK293 transfected cells, the NK was shown to degrade the 
expressed spike protein on the surface of these cells, without 
conferring any cytotoxicity. The authors of the study stated that 
NK can be used as a protective agent for cells. 

Natto consumption has been linked to reduced mortality 
from cardiovascular disease, possibly explained by its proteolytic 
effects in addition to its anticoagulant and antiplatelet 
activities.24 However, as industrial-scale production of NK using 
E. coli is becoming a reality, it is important to point out some 
potential detrimental aspects of its therapeutic utilization.25 
NK’s proteolytic activity is not specific for the spike protein 
and can also degrade other essential proteins of the human 
organism such as the housekeeping protein glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), although this effect had 
no apparent impact on cell viability.16,23 Moreover, NK can be an 
allergen, and certain individuals acquire atopic dermatitis from 
its consumption.26 Moreover, use in the context of concurrent 
pharmaceutical anticoagulants is contraindicated without 
close supervision of clotting parameters.

Alkaline Serine Protease

Very recently, another serine protease, this time with greater 
sensitivity to its spike protein substrate, has been described as 
a valuable naturally derived therapeutic agent against SARS-
CoV-2.20 This is the alkaline serine protease (ASP) with acidic 
isoelectric point (pI), known as ASPNJ. The NJ stands for the 
Neanthes jabonika worm from which the ASP is being extracted 
and purified. The ASPNJ specificity relies on the enzyme’s 
efficiency to cleave asparagine (R) and lysine (K) amino-acid-
rich regions near the carbonyl group of peptide sequences. 
ASPNJ has strong peptidolytic activity in its affinity for thrombin 
compared to the S-2238 chromogenic substrate commonly 
used in thrombin and prothrombin assays.27 Thus, ASPNJ is also 
used for the determination of levels of prothrombin, heparin, 

and antithrombin in plasma.28 The fibrinolytic and proteolytic 
properties of ASPNJ have been found to be useful against 
acute promyelocytic leukaemia cells in vitro by increasing 
their sensitivity to the chemotherapy drugs doxorubicin and 
cytarabine, whilst showing negligible inhibitory effect on 
normal neutrophil cells.29 

Liu et al.20 used ASPNJ to degrade the SARS-CoV-2 spike 
protein in a highly efficient manner. It was found that this serine 
protease digested both the full-length spike protein as well 
as the S1 subunit and the RBD of the SARS-CoV-2 variants. As 
stated by the authors, since the pI of ASPNJ is 4.4, and the pI of 
the RBD, S1, and S (the complete spike protein) are 8.91, 8.24, 
and 6.24, respectively, this low pI can lead to enhancement of 
the binding affinity between the enzyme and either fragments 
of the spike protein or the whole spike protein through the 
strong electrostatic interaction. It is also feasible to suggest that 
the alkaline enzyme can work as a scavenger molecule clearing 
up the spike protein from the bloodstream. 

Additionally, since these electrostatic interactions are even 
stronger in the SARS-CoV-2 new variants, the use of ASPNJ 
can prove to be even more useful in the management of new 
variant infections.30 

Moreover, the ASPNJ has been used in in vivo experiments 
which showed that it has no toxicity in organs such as the liver, 
the heart, and the kidneys of animals, while demonstrating a 
significant reduction of reperfusion injuries. In this in vivo model, 
the animals were genetically suffering from a middle artery 
cerebral occlusion making them susceptible to acute ischemic 
stroke.31 Given the high risk of life-threatening thrombotic 
incidents following the mRNA genetic therapy vaccination,32 
the anticoagulant properties of the ASPNJ enzyme29,32 have 
the potential to prove extremely useful for therapy in humans. 
Therefore, relevant clinical studies are urgently needed to 
establish further the safety and efficacy of ASPNJ for both the 
prevention and treatment of cardiovascular inflammation and 
injuries induced by the mRNA injections and also documented 
in long COVID syndrome. 

The Fibrinolytic and Caseinolytic Serratiopeptidase

Serratiopeptidase (SEPD), also referred to in the literature 
as Serratia E-15 protease, serrapeptase, and serratioprotease, is 
an enzyme with several well-established clinical applications, 
including through its anti-inflammatory, fibrinolytic, mucolytic, 
and other properties.33,34 Both clinical and preclinical studies on 
SEPD have established its safety profile, including as a mucolytic 
and anti-inflammatory agent in the treatment of COVID-19-
associated respiratory illness.33 

Of its multiple pharmacological effects, the fibrinolytic/
caseinolytic properties of SEPD can prove important in 
counteracting the mRNA injection sequelae and in treating long 
COVID syndrome.35 However, this remains to be experimentally 
proved by clinical studies. SEPD’s mucolytic properties36 can 
enhance the innate immune defense of the respiratory tract, 
which could be of significant benefit in the treatment of long 
COVID patients.37 

Furthermore, the anti-inflammatory effects of SEPD are 
shown in in vitro experiments. Although this evidence concerns 
microbial (Staph. aureus) evasion of cultured osteoclasts, the 
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involvement of monocyte chemotactic protein (MCP-1) and 
therefore inhibition of interleukin-6 (IL-6) production can prove 
highly relevant with respect to the inflammatory side-effects 
related to the spike protein.38,39 IL-6 plays a central role in the 
induction of severe inflammation by the NF-κB response that 
leads to vascular damage.40 The spike protein strongly induces 
NF-κB-associated inflammation by activating monocytes and 
macrophages.41 The NF-κB signal is relayed to lymphocytes, 
epithelial cells, and other tissue monocytes and macrophages 
via chemokines, and, concurrently, further triggers a cascade of 
Interleukin-1β ( IL-1β), tumor necrosis factor-α (TNF-α), and IL-6 
expression, fully reviewed by Turner et al.42. This inflammatory 
cascade can be transmitted throughout both the cardiovascular 
system and the brain by activated microglial cells, which 
are also induced to produce a potent NF-κB response by the 
spike protein.43 Thus, the control of the NF-κB inflammatory 
signalling, which is produced by the circulating spike protein 
and which also crosses the BBB, is a primary therapeutic goal 
in mRNA vaccinees and long-COVID patients. Moreover, it has 
been shown that a substantial population of monocytes (the 
non-classical CD16+ monocytes) carry fragments of the spike 
protein for several months following SARS-CoV-2 infection.10 

Post-mortem evidence shows that the spike protein can be 
found infiltrating the heart tissue of individuals who died within 
20 days following an mRNA injection, demonstrating that this 
short time period is sufficient for spike protein accumulation in 
cardiac tissue following mRNA injection; that it can trigger acute 
(epi-) myocarditis; and that it is reported as playing a causal role 
in those associated deaths.1 We suggest that the combined anti-
inflammatory and anticoagulant effects of SEPD37 could prove 
lifesaving for spike-protein-harmed patients, whether the harm 
is initiated by mRNA injection or natural infection.

sequelae of spike protein exposure. 
Figure 1 presents the combined mechanisms of proteolytic 

enzymes that can potentially confer therapeutic benefits 
in treating long COVID and adverse reactions from mRNA 
injections. NK degrades the entire spike protein nonspecifically.23 
ASPNJ degrades specifically the S1 subunit and HR1 and HR2 
domains of the spike protein.20 Both NK and ASPNJ are serine 
proteases.27,30 Serine proteases are known to cross the BBB.46 

SEPD can be useful in combination with the other proteolytic 
enzymes because it lowers the inflammation induced by IL-6 in 
response to the spike protein, reduces neurodegeneration, and 
enhances the innate immunity of patients suffering from spike 
protein toxicity.47 

Conclusion

The repurposing of SEPD and introduction of NK and 
ASPNJ to the therapeutic management of long COVID and 
mRNA injection adverse reactions has great potential benefit. 
Therapeutic use is supported by their positive effect on multiple 
tissues and organs, including the cardiovascular system and 
the brain, two systems that are significantly impacted by 
spike-protein-associated pathologies. These enzymes have an 
excellent safety profile. Human clinical trials on NK and ASPNJ, 
alone, together, and in combination with SEPD, are urgently 
needed. 

Anthony M. Kyriakopoulos, M.D., Ph.D., is director and head of research 
and development, Nasco AD Biotechnology Laboratory, Department of 
Research and Development, Sachtouri 11, 18536, Piraeus, Greece; Greg Nigh, 
N.D., is a naturopathic oncologist, Immersion Health, Portland, Ore.; Peter A. 
McCullough, M.D., M.P.H., is chief scientific officer, the Wellness Company; 
Stephanie Seneff, Ph.D., is senior research scientist, Computer Science and 
Artificial Intelligence Laboratory, Massachusetts Institute of Technology, 
Cambridge, Mass.. Contact: seneff@csail.mit.edu. 

Disclosures: The Wellness Company markets a supplement containing 
nattokinase.

Acknowledgments: We thank Erin Moore for graphical assistance for the figure.

REFERENCES

1. Khan S, Shafiei MS, Longoria C, et al. SARS-CoV-2 spike protein induces 
inflammation via TLR2-dependent activation of the NF-κB pathway. eLife 
2021;10:e68563. doi: 10.7554/eLife.68563.

2. Schwab C, Domke LM, Hartmann L, et al. Autopsy-based histopathological 
characterization of myocarditis after anti-SARS-CoV-2-vaccination. Clin 
Res Cardiol 2023;112:431-440. doi: 10.1007/s00392-022-02129-5.

3. Seneff S, Nigh G, Kyriakopoulos AM, McCullough PA. Innate 
immune suppression by SARS-CoV-2 mRNA vaccinations: the role 
of G-quadruplexes, exosomes, and MicroRNAs. Food Chem Toxicol 
2022;164:113008. doi: 10.1016/j.fct.2022.113008.

4. Forsyth CB, Zhang L, Bhushan A, et al. The SARS-CoV-2 S1 spike protein 
promotes MAPK and NF-kB activation in human lung cells and inflammatory 
cytokine production in human lung and intestinal epithelial cells. 
Microorganisms 2022;10:1996. doi: 10.3390/microorganisms10101996.

5. Goel S, Saheb Sharif-Askari F, Saheb Sharif Askari N, et al. SARS-CoV-2 
switches ‘on’ MAPK and NF-κB signaling via the reduction of nuclear 
DUSP1 and DUSP5 expression. Front Pharmacol 2021;12:631879. doi: 
10.3389/fphar.2021.631879.

6. Castruita JAS, Schneider UV, Mollerup S, et al. SARS-CoV-2 spike mRNA 
vaccine sequences circulate in blood up to 28 days after COVID-19 
vaccination. APMIS 2023;131:128-132. doi: 10.1111/apm.13294.

Figure 1. Potential Therapeutic Activity of Proteolytic 
Enzyme Administration 

Finally, SEPD and NK have been shown to actively 
downregulate the IL-6 inflammatory signalling in brain tissue 
and mitigate multiple pathological changes characteristic of 
Alzheimer disease (AD). These enzymes have been suggested as 
therapeutic agents to mitigate the progression and outcome of 
this devastating disease.47 Recently, our team has documented 
the spike protein’s central role in promoting multiple pathways 
of neurodegenerative disease pathology.45 It is reasonable to 
suggest that the therapeutic application of proteolytic enzymes 
could prevent and/or successfully treat these neurological 



89Journal of American Physicians and Surgeons Volume 28 Number 3 Fall 2023

7. Yonker LM, Swank Z, Bartsch YC, et al. Circulating spike protein detected 
in post-COVID-19 mRNA vaccine myocarditis. Circulation 2023;147:867-
876. doi: 10.1161/CIRCULATIONAHA.122.061025.

8. Boschi C, Scheim DE, Bancod A, et al. SARS-CoV-2 spike protein 
induces hemagglutination: implications for COVID-19 morbidities and 
therapeutics and for vaccine adverse effects. Int J Mol Sci 2022;23:15480. 
doi: 10.3390/ijms232415480.

9. Tan AT, Linster M, Tan CW, et al. Early induction of functional SARS-
CoV-2-specific T cells associates with rapid viral clearance and mild 
disease in COVID-19 patients. Cell Rep 2021;34:108728. doi: 10.1016/j.
celrep.2021.108728.

10. Patterson BK, Francisco EB, Yogendra R, et al. Persistence of SARS-CoV-2 S1 
protein in CD16+ monocytes in post-acute sequelae of COVID-19 (PASC) 
up to 15 months post-infection. Front Immunol 2022;12:746021. doi: 
10.3389/fimmu.2021.746021.

11. Theoharides TC. Could SARS-CoV-2 spike protein be responsible for long-
COVID syndrome? Mol Neurobiol 2022;59(3):1850-1861. doi: 10.1007/
s12035-021-02696-0.

12. Raj SR, Arnold AC, Barboi A, et al. Long-COVID postural tachycardia 
syndrome: an American Autonomic Society statement. Clin Auton Res 
2021;31:365-368. doi: 10.1007/s10286-021-00798-2.

13. Reddy S, Reddy S, Arora M. A case of postural orthostatic tachycardia 
syndrome secondary to the messenger RNA COVID-19 vaccine. Cureus 
2021;13:e14837. doi: 10.7759/cureus.14837.

14. Maharaj N, Swarath S, Seecheran R, et al. Suspected COVID-19 mRNA 
vaccine-induced postural orthostatic tachycardia syndrome. Cureus 
2023;15:e34236. doi: 10.7759/cureus.34236.

15. Choi S, Lee S, Seo JW, et al. Myocarditis-induced sudden death after 
BNT162b2 mRNA COVID-19 vaccination in Korea: case report focusing on 
histopathological findings. J Korean Med Sci 2021;36:e286. doi: 10.3346/
jkms.2021.36.e286.

16. Shechter A, Yelin D, Margalit I, et al. Assessment of adult patients with 
long COVID manifestations suspected as cardiovascular: a single-center 
experience. J Clin Med 2022;11:6123. doi: 10.3390/jcm11206123.

17. Huang Y, Yang C, Xu XF, Xu W, Liu SW. Structural and functional properties 
of SARS-CoV-2 spike protein: potential antivirus drug development for 
COVID-19. Acta Pharmacol Sin 2020;41:1141-1149. doi: 10.1038/s41401-
020-0485-4.

18. Alsobaie S. Understanding the molecular biology of SARS-CoV-2 and the 
COVID-19 pandemic: a review. Infect Drug Resist 2021;14:2259-2268. doi: 
10.2147/IDR.S306441.

19. Trougakos IP, Terpos E, Alexopoulos H, et al. Adverse effects of COVID-19 
mRNA vaccines: the spike hypothesis. Trends Mol Med 2022;28:542-554. 
doi: 10.1016/j.molmed.2022.04.007.

20. Liu J, Kan M, Zhang L, et al. Rapid degradation of SARS-CoV-2 spike 
S protein by a specific serine protease. Molecules 2022;27:1882. doi: 
10.3390/molecules27061882.

21. Sumi H, Hamada H, Tsushima H, Mihara H, Muraki H. A novel fibrinolytic 
enzyme (nattokinase) in the vegetable cheese natto: a typical and 
popular soybean food in the Japanese diet. Experientia 1987;43:1110-1. 
doi: 10.1007/BF01956052.

22. Oba M, Rongduo W, Saito A, et al. Natto extract, a Japanese fermented 
soybean food, directly inhibits viral infections including SARS-CoV-2 
in vitro. Biochem Biophys Res Commun 2021;570:21-25. doi: 10.1016/j.
bbrc.2021.07.034.

23. Tanikawa T, Kiba Y, Yu J, et al. Degradative effect of nattokinase on 
spike protein of SARS-CoV-2. Molecules 2022;27:5405. doi: 10.3390/
molecules27175405.

24. Chen H, McGowan EM, Ren N, et al. Nattokinase: a promising alternative 
in prevention and treatment of cardiovascular diseases. Biomark Insights 
2018;13:1177271918785130. doi: 10.1177/1177271918785130.

25. Modi A, Raval I, Doshi P, et al. Heterologous expression of recombinant 
nattokinase in Escherichia coli BL21(DE3) and media optimization 
for overproduction of nattokinase using RSM. Protein Expr Purif 2023; 
203:106198. doi: 10.1016/j.pep.2022.106198.

26. Suzuki K, Nakamura M, Sato N, et al. Nattokinase, a subtilisin family 
serine protease, is a novel allergen contained in the traditional Japanese 
fermented food natto. Allergol Int 2022:S1323-8930(22)00135-6. doi: 
10.1016/j.alit.2022.11.010.

27. Girolami A, Patrassi G, Toffanin F, Saggin L. Chromogenic substrate (S-
2238) prothrombin assay in prothrombin deficiencies and abnormalities. 
Lack of identity with clotting assays in congenital dysprothrombinemias. 
Am J Clin Pathol 1980;74:83-7. doi: 10.1093/ajcp/74.1.83.

28. Deng Z, Wang S, Li Q, et al. Purification and characterization of a novel 
fibrinolytic enzyme from the polychaete, Neanthes japonica (Iznka). 
Bioresour Technol 2010;101:1954-60. doi: 10.1016/j.biortech.2009.10.014.

29. Ge X, Bo Q, Hong X, et al. A novel acidic serine protease, ASPNJ inhibits 
proliferation, induces apoptosis and enhances chemo-susceptibility 
of acute promyelocytic leukemia cell. Leuk Res 2013;37:1697-703. doi: 
10.1016/j.leukres.2013.09.017.

30. Ali F, Kasry A, Amin M. The new SARS-CoV-2 strain shows a stronger binding 
affinity to ACE2 due to N501Y mutant. Med Drug Discov 2021;10:100086. 
doi: 10.1016/j.medidd.2021.100086.

31. Wang SH, Li Q, Deng ZH, et al. Neanthes japonica (Iznka) fibrinolytic 
enzyme reduced cerebral infarction, cerebral edema and increased 
antioxidation in rat models of focal cerebral ischemia. Neurosci Lett 
2011;489:16-9. doi: 10.1016/j.neulet.2010.11.057.

32. Nam SY, Roh H, Koo K, Yun WS, Kim HC. Deep vein thrombosis after 
COVID-19 mRNA vaccination in a young man with inferior vena cava 
anomaly leading to recurrent deep vein thrombosis. Vasc Specialist Int 
2022;38:40. doi: 10.5758/vsi.220045.

33. Bhagat S, Agarwal M, Roy V. Serratiopeptidase: a systematic review 
of the existing evidence. Int J Surg 2013;11:209-17. doi: 10.1016/j.
ijsu.2013.01.010.

34. Nair SR, Devi CS. Serratiopeptidase: an integrated view of multifaceted 
therapeutic enzyme. Biomolecules 2022;12:1468. doi: 10.3390/
biom12101468.

35. Kotb E. Activity assessment of microbial fibrinolytic enzymes. Appl 
Microbiol Biotechnol 2013;97:6647-65. doi: 10.1007/s00253-013-5052-1.

36. Sharma C, Jha NK, Meeran MFN, et al. Serratiopeptidase, a serine protease 
anti-Inflammatory, fibrinolytic, and mucolytic drug, can be a useful 
adjuvant for management in COVID-19. Front Pharmacol 2021;12:603997. 
doi: 10.3389/fphar.2021.603997.

37. Manckoundia P, Franon E. Is persistent thick copious mucus a long-term 
symptom of COVID-19? Eur J Case Rep Intern Med 2020;7:002145. doi: 
10.12890/2020_002145.

38. Selan L, Papa R, Ermocida A, et al. Serratiopeptidase reduces the invasion 
of osteoblasts by Staphylococcus aureus. Int J Immunopathol Pharmacol 
2017;30:423-428. doi: 10.1177/0394632017745762.

39. Hosaka K, Rojas K, Fazal HZ, et al. Monocyte chemotactic protein-1-
interleukin-6-osteopontin pathway of intra-aneurysmal tissue healing. 
Stroke 2017;48(4):1052-1060. doi: 10.1161/STROKEAHA.116.015590.

40. Brasier AR. The nuclear factor-kappaB-interleukin-6 signalling pathway 
mediating vascular inflammation. Cardiovasc Res 2010;86:211-8. doi: 
10.1093/cvr/cvq076.

41. Kyriakopoulos AM, Nigh G, McCullough PA, Seneff S. Mitogen activated 
protein kinase (MAPK) activation, p53, and autophagy inhibition 
characterize the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) spike protein induced neurotoxicity. Cureus 2022;14:e32361. doi: 
10.7759/cureus.32361.

42. Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines and chemokines: 
at the crossroads of cell signalling and inflammatory disease. Biochim 
Biophys Acta 2014;1843:2563-2582. doi: 10.1016/j.bbamcr.2014.05.014.

43. Olajide OA, Iwuanyanwu VU, Adegbola OD, Al-Hindawi AA. SARS-CoV-2 
Spike glycoprotein S1 induces neuroinflammation in BV-2 microglia. Mol 
Neurobiol 2022;59:445-458. doi: 10.1007/s12035-021-02593-6.

44. Fadl NN, Ahmed HH, Booles HF, Sayed AH. Serrapeptase and nattokinase 
intervention for relieving Alzheimer’s disease pathophysiology in rat 
model. Hum Exp Toxicol 2013;32:721-35. doi: 10.1177/0960327112467040.

45. Seneff S, Kyriakopoulos AM, Nigh G, McCullough PA. A potential role 
of the spike protein in neurodegenerative diseases: a narrative review. 
Cureus 2023;15:e34872. doi: 10.7759/cureus.34872.

46. Wilhelm I, Molnár J, Fazakas C, Haskó J, Krizbai IA. Role of the blood-brain 
barrier in the formation of brain metastases. Int J Mol Sci 2013;14:1383-
1411. doi: 10.3390/ijms14011383.

47. Jadhav SB, Shah N, Rathi A, Rathi V, Rathi A. Serratiopeptidase: insights 
into the therapeutic applications. Biotechnol Rep (Amst) 2020;28:e00544. 
doi: 10.1016/j.btre.2020.e00544.


