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INTRODUCTION

Chlorophyll a is a specific form of chlorophyll involved in oxygenic photosynthesis. It contains a magnesium ion surrounded by a large ring structure known as a chlorin. Four nitrogen atoms from the chlorin encase and bind the magnesium atom. The magnesium center uniquely defines the molecule as chlorophyll a (1). In order to harness the widely acknowledged therapeutic benefits of chlorophyll a, a chemical process known as re-greening must occur whereby the central atom is replaced with another metal yielding the same electrostatic charge, such as zinc or copper (2). Dietary chlorophyll, a formulation derived from sodium copper chlorophyllin (SCC), is a popular dietary supplement taken by health-conscious consumers (3, 4). Chlorophyll a derivatives including SCC are known to have a number of benefits when taken at therapeutic doses (3, 5). They are non-toxic, highly soluble compounds that are demonstrated to have higher uptake in human cell systems which likely triggers the chelation of ionic compounds (6, 7).

Several chlorophyll a derivatives have a profoundly cytotoxic effect in vitro and in vivo when compared to controls (5). Due to the antioxidant potential of chorophyllins double-blind placebo-controlled trials have revealed significant therapeutic outcomes, most notably in the prevention and treatment of cancers (5, 8–11). However, the therapeutic efficacy in treating numerous conditions within a broad range of clinical settings, particularly in countries like the US, UK, Canada and Australia, is largely neglected. For the recently emergent Corona Virus Disease-2019 (COVID-19) pandemic that is caused by infection with the novel human pathogen Severe Acute Respiratory Syndrome (SARS) Coronavirus (CoV)-2 (12) it was proposed that zinc chlorophyll may show potential as a therapeutic (13). This is because this tetrapyrrole derivative may aid the uptake and free ionization of zinc and thus potentially inhibit ribonucleic acid synthesis of SARS-CoV-2 in human epithelial lung tissue. Much like zinc chlorophyll, SCC is a non-toxic, water-soluble chlorophyll a derivative that may offer therapeutic benefits against SARS-CoV-2 but for entirely different reasons.

The therapeutic efficacy of SCC in both animals and humans via oral and parenteral routes, particularly intravenous infusions, is well-documented (3). Furthermore, its capacity to inhibit viral cytopathicity in vitro has been demonstrated (14). SSC exhibits significant anti-viral properties against a number of pathogenic viruses including the causative agents of highly infectious respiratory diseases such as influenza (14). A recent review suggested that in common with other copper-based compounds SCC could act as an anti-viral agent in the treatment of COVID-19 (15). Whilst the anti-viral property of zinc is established (16), vanishingly few studies consider the function that other metal ions may play in humoral immunity (17). In this context copper is an essential co-factor at the site of blood stem cell production and is thus instrumental in stimulating haematopoiesis (18–20).

As copper plays a key role in the production of leukocytes its deficiency has been linked to the condition of leukopenia, a reduced number of leukocytes in the peripheral blood, especially of neutrophils but also lymphocytes and granulocytes (21, 22). A limited number of reports have examined copper deficiency and the role it may play toward individual immunity and susceptibility to human diseases (23–25), while a few studies have investigated the importance of copper and copper-based compounds such as SCC in maintaining leukocyte homeostasis. Restoration of serum copper levels by intravenous infusion of patients led to a rise in peripheral blood leukocytes (18–20), highlighting the link between metabolic copper deficiency and susceptibility to disease. Similarly, likely due to the fact that it contains copper, SCC has also been shown to significantly increase leukocyte levels in a range of patients (10, 26–28), revealing the potential to treat those afflicted with leukopenia due to other diseases or disorders. Despite this cumulative clinical evidence, however, the therapeutic application of copper and chlorophyll a derivatives such as SCC, particularly with regard to acute leukopenia caused by viral infections, is rarely deliberated. Moreover, to date the use of SCC to treat aggressive lymphopenia [also called lymphocytopenia, an abnormally low concentration of lymphocytes in the peripheral blood, ≤ 1,100 cells/μL; (29)], a major feature of SARS-CoV-2 infection, has not been considered.



SARS-CoV-2 AND LYMPHOPENIA

At the time of writing there are over 109,140,000 confirmed cases of COVID-19 globally, of which close to 2,408,000 have proved fatal (30). Maintaining a satisfactory peripheral blood lymphocyte count (between 1,100 and 4,800 cells/μL in adults) is a key contributory factor in the survival of COVID-19 patients, such that lymphopenia is noted as an associated risk factor in COVID-19-related deaths (31–33). Hence, in the current absence of a regulatory authority-approved drug for use against severe cases of COVID-19 lymphopenia is a surrogate indicator of a patient's poor prognosis (29). This outcome is thought to be as a consequence of the overexpression of interleukin (IL)-6 (34). This activates unregulated proliferation of leukocytes, particularly first responders such as neutrophils, followed only later by macrophages and lymphocytes (32, 35). The cellular expansion triggers a pro-inflammatory cytokine storm that leads to excessive inflammation, destruction of epithelial tissue and pulmonary oedema (36–38), eventually resulting in cardiac arrest due to depletion of oxygen concentrations in the blood (39–41).

Symptomatic COVID-19 patients show significant depletion of peripheral blood leukocytes, in particular presenting with lymphopenia when compared to asymptomatic or mild disease-presenting patients, suggesting greater disease severity correlates to a progressive reduction in lymphocytes (33, 41–43). In one corroborative study elevated neutrophil levels correlated to a significant reduction in the proportion of the total leukocyte population that comprised lymphocytes (31). This is likely due to a rapid innate immune response involving neutrophils (41, 43), since they are the most numerous and most abundant leukocyte early in infection. Also, when compared to lymphocytes, which take longer to mature and have a more specialized response (33), less metabolic expenditure is required to produce neutrophils. This may explain why as an apparent “last ditch” effort to survive some terminally ill COVID-19 patients overproduce neutrophils (31).

A symptom of many infectious diseases, leukopenia is contraindicated with life expectancy; thus, lower concentrations of peripheral blood leukocytes, in particular CD4+ and CD8+ T lymphocytes, are often surrogate indicators of disease severity (44). Perturbation of leukocyte homeostasis, specifically lymphopenia, predicts disease severity among symptomatic COVID-19 patients (38). In contrast, individuals who test positive for SARS-CoV-2 but are asymptomatic for COVID-19 do not present with low or reduced peripheral blood lymphocyte levels, which thus places them at a lower risk of life-threatening COVID-19-related complications (41). Immunocompromised persons are also at increased risk from COVID-19 due to their insufficient numbers of lymphocytes (42). This means that disease outcome is strongly associated with immunological response and thus increased risk is linked indirectly to perturbed haematopoiesis. An inadequate production of lymphocytes could be a direct result of the disease itself or due in part to pre-existing states such as old age and underlying immunocompromised conditions (31, 45). This suggests that maintaining adequate peripheral blood lymphocyte levels may control symptoms and disease severity of COVID-19 patients (40). This is achieved through preventing excessive production of neutrophils and overexpression of IL-6 (34), thereby averting the characteristic pro-inflammatory cytokine storm and potentially fatal pulmonary oedema that would otherwise ensue (40).



SODIUM COPPER CHLOROPHYLLIN AND COVID-19

Irrespective of whether it is pre-existing or triggered by exposure to SARS-CoV-2, peripheral blood lymphopenia predicts disease severity in COVID-19 patients (32). Finding ways to reduce as much as possible this critical immune-modulated deficit may improve treatment outcomes of symptomatic or at-risk individuals (40). In both humans and animals therapeutic doses of SCC significantly increase peripheral blood leukocyte levels (10, 46–48). Clinical trials in patients, including children suffering from leukopenia due to cancer-related illness (28), demonstrated that an oral dose of SCC taken at 180 mg for adults and 40 mg for children three times daily significantly increased whole leukocyte concentrations, particularly neutrophils, compared to controls (26–28). Another study indicated this to be as effective as the standard treatment leucogen used to control neutropenia (10). Increases in leukocyte counts of > 30% in 2 weeks and 82% after 1 month were reported. Restoration occurred for 85% of the subjects, with extremely minimal side effects and no noted toxicity. As participants in each of these trials were treated not for lymphopenia but instead neutropenia, unfortunately the concentration of lymphocytes was not recorded (10, 26–28). Overall, however, these findings suggest that similar therapy may be effective against SARS-CoV-2, as restorative activity of lymphocytes could occur before severe symptoms of COVID-19 appear.

Support for this proposal comes from murine models in which administration of SCC was demonstrated to significantly increase the peripheral blood concentration of lymphocytes (47, 49). It is therefore entirely possible that in human subjects a marked lymphocytosis induced by therapeutic doses of SCC, delivered orally or parenterally, may also be observed. Furthermore, SCC significantly suppresses IL-6, as shown by studies in vitro and in vivo (48, 50). For patients infected with SARS-CoV-2, SCC could be utilized to ameliorate aggressive immune-modulated outcomes by suppressing pro-inflammatory cytokine effects through blocking trans-signaling of IL-6, thereby leading to a reduction in lymphocytes and an overproduction of neutrophils (48, 50). Once a person is exposed to SARS-CoV-2 several days may elapse before they become symptomatic, if at all, and several more before severe symptoms develop (39). Hence, treatment with SCC at the time of onset of symptoms and/or at diagnosis, especially for immunocompromised patients, may control leukocyte levels contraindicated with disease severity. COVID-19 symptoms often start to worsen by days 10–12 after virus exposure while intensive care unit admission typically occurs from days 12–14 (36, 39). Therefore, taking SCC before the disease progresses to this point may prevent functional exhaustion of CD4+ and CD8+ T lymphocytes (33), thereby mitigating such outcomes as lymphopenia. This could also be applied over an extended duration to assist in the treatment of so-called COVID-19 “long haulers” (51). Moreover, the synergistic effect of inhibiting cytokine production and preventing destruction of T lymphocytes by increasing peripheral blood lymphocyte levels could also block overproduction of cytokines capable of suppressing an inflammatory reaction and the life-threatening pro-inflammatory cytokine storm (36). Additionally, as is known for copper and other chlorophyll a compounds, SCC may also act as an anti-viral agent (15). Therefore, maintaining homeostasis of the haematopoietic production of peripheral blood leukocytes, primarily of lymphocytes (46), may reduce the likelihood of disease progression to extreme severity.



DISCUSSION

Drugs to correct lymphopenia do exist but they are not widely available and must be administered under strictly controlled conditions (21). These experimental treatments carry the risk of unwanted side-effects, some of which are severe and even fatal (21). Such therapies can cause destruction of alveolar sacks and thus are unsuitable for the treatment of COVID-19 patients. In contrast, easily manufactured from fescue grass (Festuca arundinacea) as a green-black free-flowing powder, SCC is extremely well-tolerated in the diet of adults and children (2, 5, 10). In addition, this profile is unlikely to vary with therapeutic dose, as even at extremely high concentrations no toxicity is reported (8, 10). While indicated to be neither teratogenic nor embryo-lethal in a murine model (52), further research is needed to investigate the dose dependency of any effects (53), and thus to determine if SCC is safe to take when pregnant or breastfeeding. This proviso aside, the utmost consideration should be given to conducting clinical trials to treat COVID-19 patients in the convalescent phase using SCC. This is because it is evident that low peripheral blood leukocyte levels due to primary SARS-CoV-2 infection, and possibly reinfection (54), play a major role in compromising the recovery of individuals with symptomatic COVID-19.



CONCLUSION

Therapeutic doses of SCC have been demonstrated to provide an effective clinical treatment for leukopenia. On this basis, we propose that taking SCC at the onset of symptoms or, for immunocompromised patients, at the time of diagnosis, could reverse the lymphopenia observed during COVID-19. It is envisaged that in symptomatic individuals SCC treatment could control leukocyte homeostasis, specifically of lymphocytes, thereby preventing their progressive reduction that is associated with severe disease outcomes. By first restoring and then maintaining adequate peripheral blood levels of CD4+ and CD8+ T lymphocytes this would enable the immune system of an SCC-treated COVID-19 patient to respond appropriately to resolve SARS-CoV-2 infection. Additionally, it may produce a synergistic effect as SCC is known to block expression of the pro-inflammatory cytokine IL-6. Hence, importantly, such SCC therapy would avoid triggering the characteristically excessive inflammation that causes lasting lung epithelial cell damage and cytokine storm events which often precipitate a fatal outcome of COVID-19.
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