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Abstract
Chlorophyllins are highly soluble non-toxic derivatives of chlorophyll α, containing a centralised 
metal at their core, known to target and treat cancer and immune-based diseases. The antiviral and anti-
inflammatory effects of sodium copper chlorophyllin (SCC) and sodium zinc chlorophyllin (SZC), 
though documented, are rarely considered in treatment of viral respiratory diseases. Moreover, the 
use of chlorophyllins to potentially treat acute respiratory distress syndrome (ARDS), triggered by 
infection with respiratory viruses such as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has yet to be studied. The published literature suggests antiviral and anti-inflammatory effects 
against SARS-CoV-2 and other enveloped respiratory viruses. Treatment with chlorophyllins inhibits 
virus entry, as well as replication and budding of viral progeny from the host cell in cell lines infected 
with enveloped respiratory viruses. Furthermore, treatments with SCC in vivo show diminished viral 
loads in animals infected with respiratory viruses, suggesting clinical antiviral capacity in treating 
viruses that cause ARDS-like manifestations, notably coronavirus disease 2019 (COVID-19). 
Similarly, SZC reduces inflammatory responses, while SCC may block key pro-inflammatory markers 
in vitro and in vivo, producing an anti-inflammatory effect against interleukin-6 and tumour necrosis  
factor α, two of the main antagonists associated with poorer outcomes in viral respiratory diseases, 
particularly among COVID-19 patients. This indicates a possible application in treating cytokine storm 
and hyperinflammation. Both SCC and SZC could act as a novel therapeutic in the treatment and 
prevention of ARDS and related respiratory complications, especially relevant to severe COVID-19 
cases.
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1 INTRODUCTION
Clinical infections of respiratory viruses can lead 

to acute oxidative stress and severe disease[1]. Existing 
therapies for the severe clinical manifestation of acute 
viral respiratory distress syndrome carry significant 
limitations. For instance, treatment with antivirals may 
result in serious adverse events, including increased 
oxidative stress, relapse of disease, hallucinations, 
genotoxicity, and emergence of immunogenic variants 
of the viral pathogen [2-5]. Similarly, current anti-
inflammatories for acute respiratory distress syndrome 
(ARDS) do not successfully inhibit important biomarkers 
linked to acute disease phases, especially those shown 
in clinical investigations to induce cytokine storm 
syndrome (CSS) and hyperinflammation, such as 
interleukins (IL)-6, IL-8, IL-12 and tumour necrosis 
factor α (TNF-α)[6,7]. Hence, single regimen antivirals 
and anti-inflammatory drugs are largely ineffective at 
reducing progression to ARDS[8], which is associated 
with high mortality[9]. Furthermore, available antivirals 
are less effective at preventing hospitalization of at-
risk patients from viral lower respiratory tract infection 
unless taken at onset of symptoms[10]. Thus, there is a 
pressing need to evaluate novel therapeutics, especially 
to manage ARDS induced by coronavirus disease 2019 
(COVID-19). It is in this context that consideration 
should be given to harnessing cations of copper and / or 
zinc. These essential trace elements play a role in normal 
metabolic and immune function[11], but comparatively 
little is known of their immunomodulatory response to 
respiratory virus infection[12,13].

2 KNOWLEDGE GAPS
Strong antioxidant effects of natural chlorophyll 

α and dose-dependent anti-inflammatory effects of 
sodium copper chlorophyllin (SCC) and sodium zinc 
chlorophyllin (SZC) have been documented [14,15]. 
Antiviral activities against, for instance, influenza, 
have been demonstrated for SCC[16]. Yet, this has not 
been investigated for SZC, although zinc alone has 
antiviral effects[17]. Despite promising activities, SCC 
and SZC are rarely considered in the treatment of 
viral respiratory diseases. Both copper and zinc inhibit 
human coronaviruses in vitro[18]. Moreover, low serum 
copper / zinc levels appear to correlate with poorer 
outcomes for COVID-19 patients[19,20]. Importantly, 
other derivatives of chlorophyll α (such as pheophorbide 
α, which lacks a central metal ion in the tetrapyrrole 
ring structure) have been shown to inhibit severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
vitro[21,22], suggesting that SCC and SZC may likewise 
inhibit human coronaviruses[23-25]. Furthermore, while 
the anti-inflammatory capacity of SZC is only reported 
topically, with mechanisms unknown, in cancer studies 
SCC has been shown in vivo to block a number of pro-
inflammatory markers, including IL-6 and TNF-α[26-28]. 

Controlled comparisons have not yet been performed 
between SCC, SZC and standard anti-inflammatories, 
especially those currently used to treat COVID-19, e.g., 
the immunosuppressive drug tocilizumab (sold under the 
brand names Actemra and RoActemra, among others). 
This is a humanized monoclonal antibody against the 
IL-6 receptor that is given intravenously to patients 
as a weekly injection or as an infusion once a month. 
Alternatives that are cheaper and simpler to administer 
than tocilizumab are sought as a therapeutic option to 
undergo clinical trials.

3 HYPOTHESIS
Despite clinical trials indicating that SZC is similar 

to SCC in terms of antimicrobial properties[29], and 
lack of toxicity[30], to date no study has investigated the 
antiviral effect of SZC. Given that zinc on its own has 
been shown to inhibit SARS-CoV[23,31], it is possible 
that SZC also possesses antiviral effects against this 
coronavirus. This suggests the potential clinical use of 
these compounds as antivirals in viral respiratory disease, 
notably COVID-19 and ARDS. It is hypothesized that if 
SZC behaves similarly to SCC it should downregulate 
pro-inflammatory biomarkers associated with CS. Hence, 
dietary supplementation and / or treatment with SCC and 
SZC could improve disease outcome in ARDS patients.

4 CONCLUSION
SCC and SZC are complexed with the divalent 

metals copper and zinc, respectively, which are two 
micronutrients responsible for immune modulation and 
pathogen control. Future research underpinned by the 
described hypothesis is expected to generate in vitro 
evidence of anti-inflammatory and antiviral action 
of SCC and SZC. If successful, it may be speculated 
that oral or other administered treatments containing 
SCC and / or SZC could present safe and effective co-
therapeutic options for viral respiratory infections. As 
many as eight different respiratory viruses are implicated 
in the upregulated immune response that leads to CSS[32]. 
Pre-clinical studies could follow in order to determine 
the therapeutic potential of these compounds to treat 
specific manifestations of ARDS.
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Abbreviation List
ARDS, Acute respiratory distress syndrome
CSS, Cytokine storm syndrome
IL, Interleukin
SARS-CoV, Severe acute respiratory syndrome coronavirus
SCC, Sodium copper chlorophyllin
SZC, Sodium zinc chlorophyllin
TNF, Tumour necrosis factor

References
[1]	 Delgado-Roche L, Mesta F. Oxidative stress as key player in 

severe acute respiratory syndrome coronavirus (SARS-CoV) 
infection. Arch Med Res, 2020; 51: 384-387. DOI: 10.1016/
j.arcmed.2020.04.019

[2]	 Binda C, Tortora A, Garcovich M et al. Toxicity and risks from 
drug-to-drug interactions of new antivirals for chronic hepatitis 
C. Eur Rev Med Pharmacol Sci, 2017; 21: 102-111.

[3]	 Smolders EJ, Kanter CT, Knegt RJ et al. Drug-drug inte- 
ractions between direct-acting antivirals and psychoactive 
medications. Clin Pharmacokinet, 2016; 55: 1471-1494. DOI: 
10.1007/s40262-016-0407-2

[4]	 Waters MD, Warren S, Hughes C et al. Human genetic risk of 
treatment with antiviral nucleoside analog drugs that induce 
lethal mutagenesis: the special case of molnupiravir. Environ 
Mol Mutagen, 2022; 63: 37-63. DOI: 10.1002/em.22471

[5]	 Mehdizadeh AR, Bevelacqua J, Mortazavi SAR et al. How 
antivirals might be linked to the emergence of new variants of 
SARS-CoV-2. J Biomed Phys Eng, 2021; 11: 123-124. DOI: 
10.31661/jbpe.v0i0.2101-1275

[6]	 Blondonnet R, Constantin JM, Sapin V et al. A pathophy- 
siologic approach to biomarkers in acute respiratory distress 
syndrome. Dis Markers, 2016; 2016: 3501373. DOI: 10.1155/ 
2016/3501373

[7]	 Leisman DE, Ronner L, Pinotti R et al. Cytokine elevation 
in severe and critical COVID-19: A rapid systematic review, 
meta-analysis, and comparison with other inflammatory 
syndromes. Lancet Respir Med, 2020; 8: 1233-1244. DOI: 
10.1016/S2213-2600(20)30404-5

[8]	 Sarhan NM, Warda AEA, Ibrahim HSG et al. Evaluation of 
infliximab/tocilizumab versus tocilizumab among COVID-19 
patients with cytokine storm syndrome. Sci Rep, 2023; 13: 
6456. DOI: 10.1038/s41598-023-33484-6

[9]	 Papazian L, Pauly V, Hamouda I et al. National incidence rate 
and related mortality for acute respiratory distress syndrome in 
France. Anaesth Crit Care Pain Med, 2021; 40: 100795. DOI: 
10.1016/j.accpm.2020.100795

[10]	 Parums DV. Editorial: Current status of oral antiviral drug 
treatments for SARS-CoV-2 infection in non-hospitalized 
patients. Med Sci Monit, 2022; 28: e935952. DOI: 10.12659/
MSM.935952

[11]	 Weyh C, Krüger K, Peeling P et al. The role of minerals in the 
optimal functioning of the immune system. Nutrients, 2022; 
14: 644. DOI: 10.3390/nu14030644

[12]	 Mao S, Zhang A, Huang S. Meta-analysis of Zn, Cu and Fe 

in the hair of Chinese children with recurrent respiratory tract 
infection. Scand J Clin Lab Invest, 2014; 74: 561-567. DOI: 
10.3109/00365513.2014.921323

[13]	 Renata RN, Arely GA, Gabriela LA et al. Immunomodulatory 
role of microelements in COVID-19 outcome: A relationship 
with nutritional status. Biol Trace Elem Res, 2023; 201: 1596-
1614. DOI: 10.1007/s12011-022-03290-8

[14]	 Perez-Galvez A, Viera I, Roca M. Carotenoids and chloro- 
phylls as antioxidants. Antioxidants, 2020; 9: 505. DOI: 
10.3390/antiox9060505

[15]	 Hayes M, Ferruzzi MG. Update on the bioavailability and 
chemopreventative mechanisms of dietary chlorophyll derivat- 
ives. Nutr Res, 2020; 81: 19-37. DOI: 10.1016/j.nutres.2020. 
06.010

[16]	 Ito A, Tsuneki A, Yoshida Y et al. In vitro inhibition of cytopathic 
effect of influenza virus and human immunodeficiency virus by 
bamboo leaf extract solution and sodium copper chlorophyllin. 
Yonago Acta Med, 2016; 59: 61-65.

[17]	 Sadeghsoltani F, Mohammadzadeh I, Safari MM et al. Zinc 
and respiratory viral infections: Important trace element in 
anti-viral response and immune regulation. Biol Trace Elem 
Res, 2022; 200: 2556-2571. DOI: 10.1007/s12011-021-02859-z

[18]	 Rani I, Goyal A, Bhatnagar M et al. Potential molecular 
mechanisms of zinc- and copper-mediated antiviral activity 
on COVID-19. Nutr Res, 2021; 92: 109-128. DOI: 10.1016/
j.nutres.2021.05.008

[19]	 Arrieta F, Martinez-Vaello V, Bengoa N et al. Serum zinc and 
copper in people with COVID-19 and zinc supplementation 
in parenteral nutrition. Nutrition, 2021; 91: 111467. DOI: 
10.1016/j.nut.2021.111467

[20]	 Pvsn KK, Tomo S, Purohit P et al. Comparative analysis of 
serum zinc, copper and magnesium level and their relations 
in association with severity and mortality in SARS-CoV-2 
patients. Biol Trace Elem Res, 2023; 201: 23-30. DOI: 10.1007/
s12011-022-03124-7

[21]	 Jimenez-Aleman GH, Castro V, Londaitsbehere A et al. SARS-
CoV-2 fears green: The chlorophyll catabolite pheophorbide 
A is a potent antiviral. Pharmaceuticals, 2021; 14: 1048. DOI: 
10.3390/ph14101048

[22]	 Meunier T, Desmarets L, Bordage S et al. A photoactivable 
natural product with broad antiviral activity against enveloped 
viruses, including highly pathogenic coronaviruses. Antimicrob 
Agents Chemother, 2022; 66: e0158121. DOI: 10.1128/AAC. 
01581-21

[23]	 Clark NF, Taylor-Robinson AW. COVID-19 therapy: Could a 
chlorophyll derivative promote cellular accumulation of Zn2+ 
ions to inhibit SARS-CoV-2 RNA synthesis? Front Plant Sci, 
2020; 11: 1270. DOI: 10.3389/fpls.2020.01270

[24]	 Clark NF, Taylor-Robinson AW. COVID-19 therapy: Could a 
copper derivative of chlorophyll α be used to treat lymphopenia 
associated with severe symptoms of SARS-CoV-2 infection? 
Front Med, 2021; 8: 620175. DOI: 10.3389/fmed.2021.620175

[25]	 Clark NF, Taylor-Robinson AW, Heimann K. Could chloro- 
phyllins improve the safety profile of beta-d-N4-hydroxycytidine 
versus N-hydroxycytidine, the active ingredient of the SARS-
CoV-2 antiviral molnupiravir? Ther Adv Drug Saf, 2022; 13: 1-4. 

https://doi.org/10.1016/j.arcmed.2020.04.019
https://doi.org/10.1016/j.arcmed.2020.04.019
https://doi.org/10.1007/s40262-016-0407-2
https://doi.org/10.1002/em.22471
https://doi.org/10.31661/jbpe.v0i0.2101-1275
https://doi.org/10.1155/2016/3501373
https://doi.org/10.1155/2016/3501373
https://doi.org/10.1016/S2213-2600(20)30404-5
https://doi.org/10.1038/s41598-023-33484-6
https://doi.org/10.1016/j.accpm.2020.100795
https://doi.org/10.12659/MSM.935952
https://doi.org/10.12659/MSM.935952
https://doi.org/10.3390/nu14030644
https://doi.org/10.3109/00365513.2014.921323
https://doi.org/10.1007/s12011-022-03290-8
https://doi.org/10.3390/antiox9060505
https://doi.org/10.1016/j.nutres.2020.06.010
https://doi.org/10.1016/j.nutres.2020.06.010
https://doi.org/10.1007/s12011-021-02859-z
https://doi.org/10.1016/j.nutres.2021.05.008
https://doi.org/10.1016/j.nutres.2021.05.008
https://doi.org/10.1016/j.nut.2021.111467
https://doi.org/10.1007/s12011-022-03124-7
https://doi.org/10.1007/s12011-022-03124-7
https://doi.org/10.3390/ph14101048
https://doi.org/10.1128/AAC.01581-21
https://doi.org/10.1128/AAC.01581-21
https://doi.org/10.3389/fpls.2020.01270
https://doi.org/10.3389/fmed.2021.620175


Innovation Forever Publishing Group 4/4 J Mod Biol Drug Discov 2023; 2: 5

https://doi.org/10.53964/jmbdd.2023005
DOI: 10.1177/20420986221107753

[26]	 Das J, Samadder A, Mondal J et al. Nano-encapsulated 
chlorophyllin significantly delays progression of lung cancer 
both in in vitro and in vivo models through activation of 
mitochondrial signaling cascades and drug-DNA interaction. 
Environ Toxicol Pharmacol, 2016; 46: 147-157. DOI: 10.1016/
j.etap.2016.07.006

[27]	 Ozcan M, Aydemir D, Bacanli M et al. Protective effects of 
antioxidant chlorophyllin in chemically induced breast cancer 
model in vivo. Biol Trace Elem Res, 2021; 199: 4475-4488. 
DOI: 10.1007/s12011-021-02585-6

[28]	 Ozcan M, Esendagli G, Musdal Y et al. Dual actions of the 
antioxidant chlorophyllin, a glutathione transferase P1-1 
inhibitor, in tumorigenesis and tumor progression. J Cell 
Biochem, 2019; 120: 7045-7055. DOI: 10.1002/jcb.27974

[29]	 Diogo P, Mota M, Fernandes C et al. Is the chlorophyll 
derivative Zn(II)e6Me a good photosensitizer to be used in root 
canal disinfection? Photodiagnosis Photodyn Ther, 2018; 22: 
205-211. DOI: 10.1016/j.pdpdt.2018.04.009

[30]	 Tao H, Sun Z, Liu M et al. Synthesis of zinc chlorophyllin a 
and its preliminary clinical application [in Chinese].  Hua Xi Yi 
Ke Da Xue Xue Bao, 1990; 21: 341-343.

[31]	 te Velthuis AJW, van den Worm SHE, Sims AC et al. Zn2+ 
inhibits coronavirus and arterivirus RNA polymerase activity 
in vitro and zinc ionophores block the replication of these 
viruses in cell culture. PLoS Pathog, 2010; 6: e1001176. DOI: 
10.1371/journal.ppat.1001176

[32]	 Cron RQ, Goyal G, Chatham WW. Cytokine storm syndrome. 
Annu Rev Med, 2023; 74: 321-337. DOI: 10.1146/annurev-
med-042921-112837

https://doi.org/10.1177/20420986221107753
https://doi.org/10.1016/j.etap.2016.07.006
https://doi.org/10.1016/j.etap.2016.07.006
https://doi.org/10.1007/s12011-021-02585-6
https://doi.org/10.1002/jcb.27974
https://doi.org/10.1016/j.pdpdt.2018.04.009
https://doi.org/10.1371/journal.ppat.1001176
https://doi.org/10.1146/annurev-med-042921-112837
https://doi.org/10.1146/annurev-med-042921-112837

