
 

 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/ 

licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

REVIEW: A Mini-Review and Perspective on Anti-hypoxic 

Hypothesis of COVID-19 

 
Amir Shamshirian Department of Medical Laboratory Sciences, Student Research Committee, School of Allied Medical 

Science, Mazandaran University of Medical Sciences, Sari, Iran.  

Gastrointestinal Cancer Research Center, Mazandaran University of Medical Sciences, Sari, Iran. 
Danial Shamshirian Chronic Respiratory Diseases Research Center, National Research Institute of Tuberculosis and Lung 

Diseases (NRITLD), Shahid Beheshti University of Medical Sciences, Tehran, Iran. 

Mohammad Hossein 

Hosseinzadeh 

Student Research Committee, School of Pharmacy, Mazandaran University of Medical Sciences, Sari, 
Iran. 

Mohammad Ali 

Ebrahimzadeh 

Pharmaceutical Sciences Research Center, School of Pharmacy, Mazandaran University of Medical 

Science, Sari, Iran. 

 

ARTICLE INFO  ABSTRACT 

Submitted: 20 Oct 2020 A novel coronavirus emerged in Wuhan, China; in December 

2019 and has widely affected the global community. After 

months of extensive effort, much remains to be understood of the 

pathogenesis of Coronavirus Disease 2019 (COVID-19). The 

available evidence raises a critical question: Is COVID-19 a lung 

disorder leading to circulatory problems, or a systemic disorder 

that leads to lung problems? If the latter scenario is correct, 

investigations on hypoxia conditions and the development of 

anti-hypoxia agents may lead to potential front-line treatments in 

combination with antivirals for hypoxemic COVID-19 patients. 

Hence, anti-hypoxic agents may become a potential part of 

combination therapy in hypoxemic respiratory failure and 

COVID-19. 
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Introduction

novel coronavirus appeared in 

Wuhan, China in December 2019 

and has been named severe acute 

respiratory syndrome coronavirus 2 (SARS-

CoV-2) and it induces coronavirus disease 

2019 (COVID-19). The World Health 

Organization (WHO) declared the novel 

coronavirus outbreak as a pandemic on March 

11, 2020 (1). At the time of writing SARS-

CoV-2 has caused >30,000,000 infections, and 

>951,000 deaths worldwide. Despite intensive 

efforts much remains unknown of many 

aspects of SARS-CoV-2 infection. Many 

treatment approaches have been proposed with 

many rapid preprints and publications with 

conflicting results. Hence, there is much to 
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learn of the pathogenesis and effective 

treatment approaches for SARS-CoV-2 and 

COVID-19. Here we review the evidence for 

the role of hypoxia and its’ potential for 

therapeutic targeting in COVID-19. 

Virology, immunology & 
pathogenicity of SARS-CoV-2 

Coronaviruses are enveloped positive-sense, 

single-stranded RNA viruses with a large 

genome size of 26–32 kb and are responsible 

for infection of a wide range of animal species 

and humans (2,3). Coronaviruses have been 

divided into four types, α, β, γ and δ, of which, 

human coronaviruses are classified in α 

(229E and NL63) and β types (Middle East 

respiratory syndrome (MERS)-CoV, HCoV-

OC43, HCoV-HKU1, SARS-CoV and 

SARS-CoV-2).  

The SARS-CoV-2 replication cycle starts 

with binding to host cell receptors that is 

follow by internalisation, biosynthesis, 

maturation, and release to infect adjacent 

cells. Among the different coronaviruses 

structural (spike (S), membrane (M), envelop 

(E) and nucleocapsid (N)) proteins, the S 

glycoprotein binds to the host angiotensin-

converting enzyme 2 (ACE2) on the plasma 

membrane of type-II pneumocytes and 

intestinal epithelium and is the SARS-CoV-2 

functional receptor (4,5). Following the 

binding of the virus to the host ACE2 

receptor, the S protein undergoes protease 

cleavage at the furin cleavage site at the S1/S2 

subunits (6), and other proteases such as 

cathepsin L and transmembrane protease 

serine-2 (TMPRSS2) are also involved (7,8). 

It is possible that the high pathogenicity of the 

SARS-CoV-2 stems from the broad 

expression of furin. After entry, antiviral 

immunity is activated and antigen presenting 

cells (APCs) interact with viral antigens to 

stimulate humoral and cellular immunity. 

Then, the host histocompatibility complex 

(MHC) delivers antigenic peptides to virus-

specific cytotoxic T lymphocytes (CTLs) 

(9,10). Of humoral responses in mild 

COVID-19 patients, type-I interferon 

antiviral responses, as well as substantially 

reduced levels of CD4+ Th1 and CD8+ T-

cells, have been observed in peripheral blood 

(11,12). In critical cases, after a delay in 

responses, there is a sudden increase in 

inflammatory cytokines, as well as the 

recruitment of neutrophils and monocytes 

into the lungs, leading to a cytokine storm and 

acute respiratory distress syndrome (ARDS), 

in which tumor necrosis factor-α (TNF-α), 

interleukin-1 (IL-1), IL-6 and IL-12 play 

critical roles in increasing vascular 

permeability and respiratory failure (13).  

Nevertheless, the understanding of COVID-

19 pathogenicity depends on the 

comprehension of virus antigens interactions 

with the immune system and their 

presentation. However, there is still only 

incomplete evidence of this in SARS-CoV-2, 

and we need to extrapolate information from 

other well-studied coronaviruses (SARS-

CoV and MERS-CoV). 

Patient management 

According to the WHO and Centers for 

Disease Control and Prevention (CDC) 

(14,15) there is still no established approved 

treatment approach, management of COVID-

19 currently includes prevention and support: 

1) infection prevention; 2) supportive care 

(e.g., ventilation, routine treatments to prevent 

complications); 3) self-isolation for at least 

two weeks in asymptomatic or mild patients, 

and; 4) hospital-isolation in critically ill 

patients for emergency treatments (e.g., 

respiratory failure, septic shock, hypoxia). 

Potential associations of blood 
disorders with COVID-19 

Hemoglobin is an oxygen transport 

metalloprotein in red blood cells, which 

contains four subunits including a 

polypeptide chain and heme group on each 

unit. The heme group consists of an iron ion 

enclosed in a heterocyclic porphyrin ring 

(16). Recently, a pre-print bioinformatic 

analysis of the role of SARS-CoV-2 proteins 

reports that the viral ORF8 protein and 

surface glycoproteins could form a complex 
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that binds to porphyrin. However, 

hemoglobin’s 1-β chain will be attacked by 

orf1ab, ORF10, and ORF3a proteins for iron 

ion dissociation to form a porphyrin. Thus, 

hemoglobin can no longer carry oxygen 

without the separated iron, which leads to the 

inability of lung cells to exchange CO2 for O2. 

This causes the severe inflammation that 

appears as ground-glass opacity (GGO) in 

lung radiological images in COVID-19 (17). 

Following this pre-print, Lansiaux et al. (18) 

hypothesized that if this concept holds true, β-

thalassemic patients, who have reduced 

amounts or the absence of hemoglobin’s β-

chain should be prioritized for immunization 

against SARS-CoV-2 infection. These authors 

conducted multiple linear regression analyses 

on populations from three different regions of 

Italy with different β-thalassemia prevalence 

and evaluated SARS-CoV-2 infections. 

Surprisingly, this study indicated that a 

population with heterozygous β-thalassemia 

genotype was significantly associated with 

immunity against COVID-19. 

This study on Italian populations, which has 

more than the global average of thalassemia 

(19), might be a possible sign  of a link between 

blood and higher mortality rate among this 

ethnic group due to COVID-19 pandemic. This 

also might be relevant to the high rate of 

mortality in African Americans (20), who have 

a higher prevalence of inherited blood 

disorders namely sickle cell anemia (8-10%) 

compared to other populations.  

Also linked to this, Mitra et al., (21) reported a 

leucoerythroblastic reaction in a COVID-19 

patient that indicates that the body may attempt 

to compensate for the lack of hemoglobins 

induced by coronavirus infection. However, 

since it was only a case report, larger studies on 

the subject could help to clarify the issue. 

Indeed, recent investigations on hematological 

and biochemical parameters of COVID-19 

patients show reduced hemoglobin levels, 

especially in severe patients admitted to the 

Intensive Care Unit (ICU). These patients also 

had significant increases in infection-associated 

biomarkers such as increases in procalcitonin, 

IL-6, erythrocyte sedimentation rate (ESR), 

serum ferritin and C-reactive protein (CRP) 

(22-24). This might also indicate increases  

in free heme, iron ions dissociation  

and increases in inflammatory cytokines 

elevation through lysis of red blood cells 

(RBC). In this case, RBCs have been found in 

the alveoli of patients with ARDS and cell-

free hemoglobin showed a key role in 

exerting oxidative and endothelial injury in 

such patients as a pathologic mediator (25). 

Notably, most COVID-19 patients (>70%) 

have elevated lactate dehydrogenase (LDH) 

levels, which might be associated with 

hypoxia (22). Additionally, examination of 

the ratio of arterial oxygen partial pressure to 

fractional inspired oxygen (PaO2: FiO2 ratio) 

in critical COVID-19 patients showed 

decreases associated with hypoxia and 

tachypnea (26). Studies also found low levels 

of the median partial pressure of carbon 

dioxide (PaCO2) in these patients (27). 

The usual clinical approaches used for ARDS 

apply similarly to COVID-19. Strategies such 

as high positive end-expiratory pressure 

(PEEP), prone positioning, and standard 

ventilator support are used. However, a 

cohort study showed a 79% mortality rate for 

non-invasive ventilation cases and 86% for 

invasive ventilation cases (28). It is now 

apparent that COVID-19 does not involve 

typical ARDS and currently supportive 

approaches are almost ineffective (29). A 

good analogy is with carbon monoxide 

poisoning. The root issue will not be 

addressed by ventilation because there is no 

problem with the lungs. The problem is that 

hemoglobin is occupied by carbon monoxide, 

which can be addressed by 100% oxygen 

therapy or hyperbaric oxygen therapy. 

However, herein, the hypothesis concludes 

that hemoglobin is no longer able to carry the 

O2 due to iron ions dissociation. In fact, it 

seems that the major problem here is a 

hypoxia following the hypoxemia, which 

cannot be cured through oxygen therapy. 

Hypoxia and COVID-19 

Hypoxia is a generalized or local condition 

affecting the whole body or a region such as 

the lung following the reduction of available 
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oxygen supply at the tissue level (30). It can 

result in many physiological abnormalities 

and lead to organ failure due to O2 starvation 

(31). But, the hypoxia itself mostly occurs 

due to hypoxemia with low levels of O2 or 

O2 deficiency in arterial blood, which  

is reportedly associated with in-hospital 

mortality of COVID-19 patients (32). Recent 

evidence indicates some similarities between 

hypoxia/hypoxemia in COVID-19 patients 

and high-altitude pulmonary edema (HAPE). 

Decreases in PaO2:FiO2 ratio is observed in 

both disorders associated with hypoxia and 

tachypnea (33).  

Investigations also indicated increases in 

fibrinogen and patchy infiltrates in both 

COVID-19 patients and HAPE (33-35). 

Besides, due to some similarities between these 

two entities, Solaimanzadeh et al. (33), 

recommended acetazolamide as a potential 

medication for COVID-19, since it 

demonstrated promising outcomes in reducing 

hypoxic pulmonary vasoconstriction and 

minute ventilation improvement in individuals 

with HAPE as well as delaying plasma lactate 

appearance. These authors also recommended 

Nifedipine and phosphodiesterase inhibitors as 

alternative medications as they have similar 

effects in HAPE. 

In contrast to this recommendation, Luks and 

Swenson believe that, although there are some 

clinical similarities between two conditions 

such as hypoxemia, radiographic opacities and 

altered pulmonary compliance, they have 

different pathophysiological mechanisms and 

medications utilized for HAPE could not have 

benefit for COVID-19 patients, even may lead 

to adverse consequences. 

Geier and Geier (36) also hypothesized 

some alternative approaches for hypoxia in 

COVID-19, which may be effective in 

improving tissue oxygenation: hyperbaric 

oxygen therapy, packed red blood cell 

transfusions and erythropoiesis-stimulating 

agents. Also considering the hypoxia concept, 

Wu et al., studied the effects of plasminogen 

supplementation on COVID-19 patients 

through atomization inhalation. This resulted 

in improved lung lesions and heart rates and 

increased oxygen saturation, which prevented 

hypoxemia after plasminogen inhalation (37). 

According to the Extracorporeal Life Support 

Organization, another approach against 

hypoxemia is the extracorporeal membrane 

oxygenation (ECMO) technique, which is 

employed in severe ARDS patients whose 

heart and lungs are not able to performed gas 

exchange or perfusion. This strategy has 

shown successful outcomes as adjunct 

support in COVID-19 patients in recent 

studies (38,39). Searching through the grey 

literature such as physicians’ interviews 

identifies terms such as “happy hypoxia” or 

“silent hypoxemia”. Studies indicate that 

although the COVID-19 has ARDS as a 

major component, lung function is usually 

normal in many patients and there are no 

apparent symptoms of respiratory distress, 

although oxygen saturation is low and 

respiratory failure progresses suddenly with 

severe hypoxia (40-42). 

Thus, according to the evidence mentioned, 

the question arises: Is COVID-19 a lung 

disorder leading to blood problems, or a 

blood disorder leading to lung problems? If 

the latter scenario becomes a reality, along 

with numerous investigations on hypoxia (43-

45) identify anti-hypoxia agents as potential 

front-line treatments in combination with 

antivirals for hypoxemic COVID-19 patients. 

Our experimental invivo investigation with 

the FDA-approved anti-oxidant medication 

Edaravone demonstrated excellent protective 

effects against hypoxia in all tested models of 

asphyctic, haemic, and circulatory hypoxia, 

as well as decreased oxidative stress levels in 

the brain tissue of hypoxic mice (46). 

Similarly, our study on magnesium sulfate 

(MgSO4) indicated that pretreatment 

attenuated protein and lipid peroxidation and 

increased mitochondrial function in mice 

afflicted by different methods of induction of 

hypoxia (asphyctic, haemic, and circulatory). 

The results support the conclusion that MgSO4 

may increase survival time and prevent 

mortality associated with asphyxiation (47). 

Hence, the highly anti-hypoxic functions of 

Edaravone and MgSO4 suggests that these 

agents may be investigated as potential 

treatments in hypoxemic respiratory failure 
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and COVID-19. 

One of the conflicting treatment choices  

since the emergence of the COVID-19 is 

dexamethasone. The preliminary report of the 

RECOVERY large randomized controlled 

trial (48) indicated a promising survival effect 

for dexamethasone therapy of COVID-19 

patients at a dose of 6 mg q.d. for up to 10 

days. The majority of the patients infected 

with SARS-CoV-2 are asymptomatic or only 

manifest a mild disease. However, the 

infection can lead to critical stages and cause 

acute hypoxemic respiratory failure requiring 

supplemental oxygen. Remarkably, the 

RECOVERY study indicated that the 

treatment approach was significant amongst 

patients with hypoxemia under the invasive/ 

non-invasive respiratory support, but not in 

mild patients without hypoxemia and 

breathing support. Based on this report, we 

improved an excellent protective effect for 10 

days of dexamethasone treatment against 

hypoxia, especially in asphyctic and hemic 

models. In addition to promising dexame-

thasone outcomes, using propranolol as the 

positive control illustrated a very substantial 

anti-hypoxic effect even much better than 

dexamethasone in all models. It seems that 

propranolol would be a safe, potential, and 

prudent choice to invest in treating COVID-

19 patients, too (49).  

We also have recently showed good 

antihypoxic activities in many medicinal 

plants such as Lemon Beebrush (50), Ferula 

persica (51), Hibiscus esculentus (52), 

Hibiscus rosa (53), Sambucus ebulus and 

Myrtus communis (54), Allium sativum (55), 

Allium ampeloprasum (56), Vicia cracca (57) 

and Vicia hirsute (58). We hope that these 

medicinal plants will find their way in the 

control and treatment of COVID-19, too. 

Furthermore, to avoid the toxic effects and 

oxidative damage induced by released iron 

ions, available iron-chelating agents such as 

deferoxamine, deferiprone and deferasirox, 

as well as well-known antioxidants agents 

like Vitamin C, A and E, nitric oxide, and 

foods containing quercetin and trans crocin 

may be effective alone or in combinations in 

first-line treatment. 

Conclusion 

We consider that there is much evidence for the 

hypoxic hypothesis of COVID-19, and further 

investigations of these concepts may lead to 

more effective therapies for COVID-19. 

Acknowledgments 

The authors would like to thank Sajad Razavi 

Bazaz for designing and drawing the 

graphical abstract and his helpful comments 

for writing this paper. 

Conflicts of interest 

The authors declare that they have no conflict 

of interests. 

Authors' contributions 

All authors have intellectually contributed to 

the study design and process. In detail, A.Sh 

and D.Sh: wrote and revised the first draft of 

the manuscript; S.RB: illustrated the 

graphical abstract; MH.M and MA.E: 

supervised the team and contributed to the 

conceptualization of the facts investigated in 

the study. The final manuscript revised and 

approved by all authors. 

Funding 

None. 

References 

1. Ebrahimzadeh MA. The Second 

Pandemic I Have Ever Seen, COVID-19 

Infection, An Overview. Tabari Biomedical 

Student Research Journal. 2020 Mar 

10;2(1):1-0. 

2. Channappanavar R, Zhao J, Perlman 

S. T cell-mediated immune response to 

respiratory coronaviruses. Immunologic 

research. 2014;59(1-3):118-128. 

3. Johansen MD, Irving A, Montagutelli 

X, et al. Animal and translational models of 

SARS-CoV-2 infection and COVID-19. 

Mucosal immunology. 2020:1-15. 

 [
 D

O
I:

 1
0.

18
50

2/
tb

sr
j.v

2i
4.

54
64

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

26
-0

2-
05

 ]
 

                               5 / 8

http://dx.doi.org/10.18502/tbsrj.v2i4.5464
http://tbsrj.mazums.ac.ir/article-1-3724-en.html


Anti-hypoxic Hypothesis of COVID-19   ׀   Shamshirian et al. 

6   Tabari Bio Stu Res J - Volume 2 - Issue 4 

4. Bosch BJ, van der Zee R, de Haan 

CA, Rottier PJ. The coronavirus spike protein 

is a class I virus fusion protein: structural and 

functional characterization of the fusion core 

complex. Journal of virology. 2003;77(16): 

8801-8811. 

5. Wu F, Zhao S, Yu B, et al. A new 

coronavirus associated with human respiratory 

disease in China. Nature. 2020;579(7798): 

265-269. 

6. Walls AC, Park YJ, Tortorici MA, 

Wall A, McGuire AT, Veesler D. Structure, 

Function, and Antigenicity of the SARS-

CoV-2 Spike Glycoprotein. Cell. 2020; 

181(2):281-292.e286. 

7. Hoffmann M, Kleine-Weber H, 

Schroeder S, et al. SARS-CoV-2 Cell Entry 

Depends on ACE2 and TMPRSS2 and Is 

Blocked by a Clinically Proven Protease 

Inhibitor. Cell. 2020;181(2):271-280.e278. 

8. Ou X, Liu Y, Lei X, et al. 

Characterization of spike glycoprotein of 

SARS-CoV-2 on virus entry and its immune 

cross-reactivity with SARS-CoV. Nature 

communications. 2020;11(1):1620. 

9. Li X, Geng M, Peng Y, Meng L, Lu 

S. Molecular immune pathogenesis and 

diagnosis of COVID-19. Journal of pharma-

ceutical analysis. 2020;10(2):102-108. 

10. Liu J, Wu P, Gao F, et al. Novel 

immunodominant peptide presentation 

strategy: a featured HLA-A*2402-restricted 

cytotoxic T-lymphocyte epitope stabilized by 

intrachain hydrogen bonds from severe acute 

respiratory syndrome coronavirus nucleocapsid 

protein. Journal of virology. 2010;84(22): 

11849-11857. 

11. Qin C, Zhou L, Hu Z, et al. 

Dysregulation of immune response in patients 

with COVID-19 in Wuhan, China. Clinical 

infectious diseases : an official publication of 

the Infectious Diseases Society of America. 

2020. 

12. Mann ER, Menon M, Knight SB, et al. 

Longitudinal immune profiling reveals key 

myeloid signatures associated with COVID-

19. Science Immunology. 2020;5(51). 

13. Prompetchara E, Ketloy C, Palaga T. 

Immune responses in COVID-19 and 

potential vaccines: Lessons learned from 

SARS and MERS epidemic. Asian Pacific 

journal of allergy and immunology. 2020; 

38(1):1-9. 

14. CDC. Interim Clinical Guidance for 

Management of Patients with Confirmed 

Coronavirus Disease (COVID-19). Centers 

for Disease Control and Prevention. 2020. 

15. Organization WH. Clinical mana-

gement of severe acute respiratory infection 

(SARI) when COVID-19 disease is suspected: 

interim guidance, 13 March 2020. World 

Health Organization;2020. 

16. Marengo-Rowe AJ. Structure-function 

relations of human hemoglobins. Proceedings 

(Baylor University Medical Center). 2006; 

19(3):239-245. 

17. liu w, Li h. COVID-19: Attacks the 1-

Beta Chain of Hemoglobin and Captures  

the Porphyrin to Inhibit Human Heme 

Metabolism. 2020. 

18. Lansiaux E, Pébaÿ PP, Picard J-L, 

Son-Forget J. COVID-19: beta-thalassemia 

subjects immunised? Medical hypotheses. 

2020;142:109827-109827. 

19. Global, regional, and national 

incidence, prevalence, and years lived with 

disability for 301 acute and chronic diseases 

and injuries in 188 countries, 1990-2013: a 

systematic analysis for the Global Burden of 

Disease Study 2013. Lancet (London, 

England). 2015;386(9995):743-800. 

20. Garg S, Kim L, Whitaker M. 

Hospitalization Rates and Characteristics of 

Patients Hospitalized with Laboratory-

Confirmed Coronavirus Disease 2019—

COVID-NET, 14 States, March 1–30, 2020. 

Morbidity Mortality Weekly Report. 2020;69. 

21. Mitra A, Dwyre DM, Schivo M, et al. 

Leukoerythroblastic reaction in a patient  

with COVID-19 infection. Am J Hematol. 

2020;n/a(n/a). 

22. Chen N, Zhou M, Dong X, et al. 

Epidemiological and clinical characteristics of 

99 cases of 2019 novel coronavirus pneumonia 

in Wuhan, China: a descriptive study. The 

Lancet. 2020;395(10223):507-513. 

23. Fan BE, Chong VCL, Chan SSW, et 

al. Hematologic parameters in patients with 

COVID-19 infection. Am J Hematol. 2020; 

n/a(n/a). 

 [
 D

O
I:

 1
0.

18
50

2/
tb

sr
j.v

2i
4.

54
64

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

26
-0

2-
05

 ]
 

                               6 / 8

http://dx.doi.org/10.18502/tbsrj.v2i4.5464
http://tbsrj.mazums.ac.ir/article-1-3724-en.html


Anti-hypoxic Hypothesis of COVID-19   ׀   Shamshirian et al. 

 

7  Tabari Bio Stu Res J - Volume 2 - Issue 4 
 

24. Lippi G, Mattiuzzi C. Hemoglobin 

value may be decreased in patients with severe 

coronavirus disease 2019. Hematology, 

Transfusion and Cell Therapy. 2020. 

25. Janz DR, Ware LB. The role of red 

blood cells and cell-free hemoglobin in the 

pathogenesis of ARDS. J Intensive Care. 

2015;3:20-20. 

26. Wang M, Zhou Y, Zong Z, et al. A 

precision medicine approach to managing 

2019 novel coronavirus pneumonia. 

Precision clinical medicine. 2020;3(1):14-21. 

27. Wang D, Hu B, Hu C, et al. Clinical 

Characteristics of 138 Hospitalized Patients 

With 2019 Novel Coronavirus-Infected 

Pneumonia in Wuhan, China. Jama. 2020; 

323(11):1061-1069. 

28. Yang X, Yu Y, Xu J, et al. Clinical 

course and outcomes of critically ill patients 

with SARS-CoV-2 pneumonia in Wuhan, 

China: a single-centered, retrospective, 

observational study. The Lancet Respiratory 

Medicine. 2020;8(5):475-481. 

29. Gattinoni L, Coppola S, Cressoni M, 

Busana M, Rossi S, Chiumello D. COVID-19 

Does Not Lead to a “Typical” Acute 

Respiratory Distress Syndrome. 2020; 

201(10):1299-1300. 

30. Fricker M, Goggins BJ, Mateer S, et 

al. Chronic cigarette smoke exposure induces 

systemic hypoxia that drives intestinal 

dysfunction. JCI insight. 2018;3(3). 

31. Chen C-J, Wang W-Y, Wang X-L, et 

al. Anti-hypoxic activity of the ethanol 

extract from Portulaca oleracea in mice. 

Journal of Ethnopharmacology. 2009;124(2): 

246-250. 

32. Xie J, Covassin N, Fan Z, et al. 

Association Between Hypoxemia and 

Mortality in Patients With COVID-19. Mayo 

Clinic proceedings. 2020. 

33. Solaimanzadeh I. Acetazolamide, 

Nifedipine and Phosphodiesterase Inhibitors: 

Rationale for Their Utilization as Adjunctive 

Countermeasures in the Treatment of 

Coronavirus Disease 2019 (COVID-19). 

Cureus. 2020;12(3):e7343. 

34. Kobayashi T, Koyama S, Kubo K, 

Fukushima M, Kusama S. Clinical features of 

patients with high-altitude pulmonary edema 

in Japan. Chest. 1987;92(5):814-821. 

35. Pan Y, Guan H, Zhou S, et al. Initial 

CT findings and temporal changes in patients 

with the novel coronavirus pneumonia (2019-

nCoV): a study of 63 patients in Wuhan, 

China. European radiology. 2020:1-4. 

36. Geier MR, Geier DA. Respiratory 

conditions in coronavirus disease 2019 

(COVID-19): Important considerations 

regarding novel treatment strategies to reduce 

mortality. Medical Hypotheses. 2020;140: 

109760. 

37. Wu Y, Wang T, Guo C, et al. 

Plasminogen improves lung lesions and 

hypoxemia in patients with COVID-19. 

QJM: monthly journal of the Association of 

Physicians. 2020. 

38. Zeng Y, Cai Z, Xianyu Y, Yang  

BX, Song T, Yan Q. Prognosis when  

using extracorporeal membrane oxygenation 

(ECMO) for critically ill COVID-19 patients 

in China: a retrospective case series. Critical 

Care. 2020;24(1):148. 

39. Zhan WQ, Li MD, Xu M, Lu YB. 

Successful treatment of COVID-19 using 

extracorporeal membrane oxygenation, a 

case report. European review for medical 

and pharmacological sciences. 2020;24(6): 

3385-3389. 

40. Rezaie S. COVID-19 Hypoxemia:  

A Better and Still Safe Way. 2020; 

https://rebelem.com/covid-19-hypoxemia-a-

better-and-still-safe-way. 

41. Ottestad W, Seim M, Otto Mæhlen J. 

COVID-19 with silent hypoxemia. Tidsskr 

Nor Legeforen. 2020. 

42. Devlin H. 'Happy hypoxia': unusual 

coronavirus effect baffles doctors. The 

Guardian2020. 

43. Ebrahimzadeh MA, Khalili M, Jafari 

N, Zareh G, Farzin D, Amin G. Antihypoxic 

activities of Crataegus pentaegyn and 

Crataegus microphylla fruits-an in vivo 

assay. Brazilian Journal of Pharmaceutical 

Sciences. 2018;54. 

44. Khalili M, Dehdar T, Hamedi F, 

Ebrahimzadeh M, Karami M. Antihypoxic 

activities of Eryngium caucasicum. Eur Rev 

Med Pharmacol Sci. 2015;19(17):3282-3285. 

45. Nabavi SF, Nabavi SM, Hajizadeh 

 [
 D

O
I:

 1
0.

18
50

2/
tb

sr
j.v

2i
4.

54
64

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

26
-0

2-
05

 ]
 

                               7 / 8

https://rebelem.com/covid-19-hypoxemia-a-better-and-still-safe-way
https://rebelem.com/covid-19-hypoxemia-a-better-and-still-safe-way
http://dx.doi.org/10.18502/tbsrj.v2i4.5464
http://tbsrj.mazums.ac.ir/article-1-3724-en.html


Anti-hypoxic Hypothesis of COVID-19   ׀   Shamshirian et al. 

8   Tabari Bio Stu Res J - Volume 2 - Issue 4 

Moghaddam A, Hellio C, Ebrahimzadeh 

MA. Antihypoxic, nephroprotective and 

antioxidant properties of hydro-alcoholic 

extract of loquat flowers. Progress in 

Nutrition. 2015;17(3):255-261. 

46. Shaki F, Mokhtaran M, Shamshirian 

A, Eslami S, Shamshirian D, Ebrahimzadeh 

MA. Protective Effects of Edaravone Against 

Hypoxia-Induced Lethality in Mice. doi: 

https://doi.org/10.1101/2020.05.22.111401. 

47. Mohammadi H, Shamshirian A, 

Eslami S, Shamshirian D, Ebrahimzadeh 

MA. Magnesium Sulfate Attenuates Lethality 

and Oxidative Damage Induced by Different 

Models of Hypoxia in Mice. BioMed 

Research International. https://doi.org/10. 

1155/2020/2624734. 

48. RECOVERY Collaborative Group. 

Dexame-thasone in hospitalized patients with 

Covid-19- preliminary report. New England 

Journal of Medicine. https://doi.org/10.1056/ 

NEJMo a2021436. 

49. Hosseinzadeh MH, Shamshirian  

A, Ebrahimzadeh MA. Dexamethasone 

Vs.COVID‐19: An Experimental Study in 

Line with the Preliminary Findings of a Large 

Trial. International Journal of Clinical 

Practice. 2020; 14: e13943.https://doi.org/ 

10.1111/ijcp.13943.  

50. Hosseinzadeh MH, Ebrahimzadeh 

MA. Protective effects of ethanolic extract of 

Lemon beebrush (Aloysia citrodora) leaf 

against hypoxia-induced lethality in mice. 

Tabari Biomedical Student Research Journal. 

2019;1(4):1-7. 

51. Ataee R, Hasani H, Mohammadyan 

M, Ebrahimzadeh MA. Antihypoxic 

activities of aerial parts and roots of Ferula 

persica in Mice. Journal of Mazandaran 

University of Medical Sciences. 2020; 

30(189):126-132. 

52. Ebrahimzadeh MA, Nabavi SF, 

Nabavi SM, Eslami B. Antihypoxic and 

antioxidant activity of Hibiscus esculentus 

seeds. Grasas y aceites. 2010;61(1):30-36. 

53. Ebrahimzadeh MA. Antihypoxic 

activities of Hibiscus rosa sinensis in mice. 

Journal of Mazandaran University of Medical 

Sciences. 2020;30(186):133-140. 

54. Kaveh K, Mohamadyan M, 

Ebrahimzadeh MA. Antihypoxic activities of 

Sambucus ebulus leaf and fruit and Myrtus 

communis Leaf in Mice. Journal of 

Mazandaran University of Medical Sciences. 

2019;29(176):61-73. 

55. Shahbazee M, Mohammadyan M, 

Ebrahimzadeh MA. Antihypoxic activities of 

Allium sativum flower in Mice. Journal of 

Mazandaran University of Medical Sciences. 

2019;29(175):145-149. 

56. Shahnazi R, Mehrdadfar F, 

Ebrahimzadeh MA. Impact of extraction 

methods on total phenolic and flavonoid 

contents, antioxidant and antihypoxic 

properties of Allium ampeloprasum in Mice. 

Journal of Mazandaran University of Medical 

Sciences. 2018;27(158):27-44. 

57. Shahnazi R, Ebrahimzadeh M A. 

Protective effects of methanolic extract of 

Vicia cracca against hypoxia-induced 

lethality in mice. Pharm Biomed Res. 2017; 

3(4):14-17.  

58. Yazdanpanah MA, Mousavi ZA, 

Ebrahim-zadeh MA. Protective effects of 

Vicia hirsuta against hypoxiainduced 

lethality in mice. Int J Life Sci Pharm Res. 

2016;6(4):17-21. 
 

 [
 D

O
I:

 1
0.

18
50

2/
tb

sr
j.v

2i
4.

54
64

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 tb

sr
j.m

az
um

s.
ac

.ir
 o

n 
20

26
-0

2-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://doi.org/10.1056/NEJMo%20a2021436
https://doi.org/10.1056/NEJMo%20a2021436
https://doi.org/10.1111/ijcp.13943
https://doi.org/10.1111/ijcp.13943
http://dx.doi.org/10.18502/tbsrj.v2i4.5464
http://tbsrj.mazums.ac.ir/article-1-3724-en.html
http://www.tcpdf.org

