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Letter to the editor ' A
Antimicrobial photodynamic therapy with hypocrellin B against SARS-CoV-2 infection? e
Dear Editor,

We still do not have effective therapy to combat SARS-CoV-2 except vaccination. Antimicrobial photodynamic therapy (aPDT) might be a good
choice for the prevention and treatment of SARS-CoV-2 because it may only target the infection area using photosensitizers with a specific wavelength.
“Hypocrellin B” is a substance used traditionally in Chinese medicine and as a photosensitizer which is used in China to treat many diseases. Its
photodynamic action and research progress of "hypocrellin B" will be discussed. Why do we apply PDT with "hypocrellin B" as a photosensitizer against
SARS-CoV-2? Is this a possible choice for the treatment of patients with SARS-CoV-2?

1. Background

Hypocrellin B (HB) is a natural pigment of perylquinone derivatives isolated from the traditional Chinese herb Hypocrella bambuase [1]. It has
significant anti-tumor and anti-viral properties as well as a strong photodynamic effect on malignant tumor, and human immunodeficiency virus typeI
(HIV-D) [2].

In general, HB consists of aromatic rings, phenolic hydroxyl groups, carbonyl groups, side-rings, and methoxyl groups (Fig. 1). It has two major
fluorescence peaks including the neutral mono-molecule at ~610 nm, an excited proton at ~660 nm, and the zwitterions between ~610 nm to 660 nm
because the perylene quinonoid pigments have three visible bands start from the transition of n-n* conjugated systems and intramolecular proton
transfer [3].

The target infection sites of SARS-CoV-2 are the nasal and oral cavity, nasopharynx and bronchial tree. There are inflamed cells in the infected sites,
and, photosensitizers generally accumulate in inflamed sites. The light used in PDT can be directed through an optical fiber which is a very thin glass
strand and placed close to the initial infection sites to deliver the amount of light into the nasal, oral cavity, nasopharynx, and bronchial tree for the
treatment of SARS-CoV-2.

2. Photodynamic action of hypocrellin B (HB)

Upon light irradiation of HB, produces reactive oxygen species (ROS), including singlet oxygen (105), superoxide (03), hydroxyl radical (OH), and
hydrogen peroxide (H0,). Singlet oxygen (10,) is generated by the energy transfer from the excited state triplet of HB to ground state oxygen, while
superoxide (Oz) is generated by the monovalent anion radical of HB when ground state oxygen is reduced. Hydrogen peroxide (H205) is formed while
ground state oxygen is reduced by its divalent anion after photosensitization by HB [4].

HB activated upon interaction with a specific wavelength of light selectively initiate necrosis and apoptosis to the target cells or specific area. HB is
non-toxic in dark and could be absorbed by cells within the body but it would be gone in normal and healthy cells after 1-3 days [5]. PDT causes acute
inflammation leading to immune stimulation and increasing the number of antigens to T cells in an immune system [6]. Hypocrellin-mediated PDT has
been an approved and effective treatment for esophageal cancer, nasopharyngeal cancer, lung cancer, and ovarian cancer which re-established the
chemosensitivity and radiosensitivity of human cells as hypocrellin contributed to the phototoxicity of cells [7].

3. Research progress of hypocrellin B (HB)

In 2004, Zhou N.K. et al. reported the effect of hypocrellins B-photodynamic therapy (HB-PDT) on lung cancer cell line A549. It induced apoptosis
and the ICsq of HB-PDT was 33.82 ng/mL [8]. In 2005, Shang L.Q. et al. also indicated that HB-PDT could induce apoptosis of the esophageal cancer
cells with a high ICsg value which was 34.16 ng/mL [9]. Jiang Y. et al. investigated the apoptosis of breast cancer cells after HB-PDT. It down-regulated
the HER2 gene expression and inhibited breast cancer cell growth [10]. 2014 afterward, Jiang Y. et al. also identified the effect of HB-PDT on
apoptosis, adhesion, and migration of cancer cells in vitro. They found that HB-PDT increased the early apoptotic and late apoptotic (necrotic) rates to
16.40 % and 24.67 % respectively, and inhibited adhesion and migration of human ovarian cancer HO-8910 cells [11]. These results proved that the
singlet oxygen (*0y) and superoxide (O3) were the activated reactive oxygen species (ROS) for cell death induced by hypocrellins photosensitization
[12].

Emerging evidence had shown that nano-system combined with hypocrellins B could significantly improve their solubility, bioavailability, and
enhance their photodynamic efficacy [13]. Bai D.Q. et al. prepared HB-loaded nano-photosensitizer with an absorption range between 400—700 nm
for the treatment of nasopharyngeal carcinoma cells. It increased the apoptotic rate of CNE2 cells to 34.32 4+ 1.94 % after PDT [14]. Zhao Li. et al. also
prepared a poly butyl-cyanoacrylate nanoparticle (PBCA-NP) entrapped with HB to PDT in ovarian cancer. The drug encapsulation efficiency was
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Fig. 1. Chemical structure of Hypocrellin B (HB).

reached 92.7 % and drug-loading content was 15 % for PBCA-NP. It controlled drug release and tumor targeting as well as the efficacy of PDT which
prolonged the half-life of HB from 9.45 to 12.99 h for the treatment of ovarian cancer [15]. Chang J.E. et al. developed HB encapsulated hyaluronic
acid-ceramide nanoparticles (HB-NPs) and HB-(paclitaxel)-encapsulated hyaluronic acid-ceramide nanoparticles (HB-P-NPs) to study the anticancer
efficacy of PDT on lung cancer. The results showed that it increased the phototoxicity and only 7.52 + 0.38 % of the A549 cells survived in the
treatment of HB-P-NPs with PDT [16].

4. Antimicrobial photodynamic therapy (aPDT) for SARS-CoV-2

Recently, Kipshidze N. et al. suggested the usage of PDT to treat COVID-19 based on the unique features of acute respiratory distress syndrome
(ARDS) and the homology modeling and molecular docking. As SARS-CoV-2 binds to the heme groups in hemoglobin, leading to severe hypoxia. Heme
is composed of a ring-like organic compound known as a porphyrin to which an iron atom is attached. Hemoglobin is the blood travel agent between
the lungs and the tissues. It could use the injection of porphyrin-based photosensitizers either systemically or locally into the lungs through the
pulmonary artery using micro-catheters with the application of PDT. This activated the porphyrin-based photosensitizers in a specific absorption
wavelength from 450 to 800 nm to cause photosensitization to form the ROS. It reduced SARS-CoV-2 loading and destroyed its binding on the protein-
membrane from the upper respiratory tract, prevent damage to the lung [17].

Moghissi K. et al. considered the usage of methylene Blue (MB)-mediated PDT topically within the airway to prevent the spread, and treat SARS-
CoV-2. MB is a photosensitizer activated by light from 650 — 660 nm and delivered through the cricothyroid membrane using a fine catheter. The MB-
mediated PDT could be tried in the treatment of early and advanced broncho-pulmonary infection [18].

Dias L. D. et al. reported the application of PDT for the treatment of infections in the respiratory tract [19]. It was an efficient therapy to decrease
the microbial load (viral and bacterial) in the respiratory tract through the generation of ROS to promote the damage of viruses targets such as nucleic
acids (DNA or RNA) [20].

5. Conclusion

The above information suggests that HB is a possible candidate as a photosensitizer in the application of PDT for the treatment of SARS-CoV-2.
Growing evidence has shown that HB is a non-toxic and natural photosensitizer. HB-mediated PDT has been studied in esophageal cancer, naso-
pharyngeal cancer, lung cancer, and ovarian cancer. Its photosensitization is similar to the porphyrin or methylene blue via ROS to decrease the
loading of SARS-CoV-2 and destroy the SARS-CoV-2 binding on the protein-membrane of an upper respiratory tract. Meanwhile, HB might be further
developed into a nano-system to get a better PDT efficacy and improve its solubility and bioavailability. However, much more work need be done in
human clinical trials of HB-aPDT for SARS-CoV-2.
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