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Could nanotechnology assist traditional Chinese medicine (TCM) in photodynamic therapy (PDT)
against SARS-CoV-2?

Dear editor,

Could nanotechnology assist traditional Chinese medicine (TCM) in photodynamic therapy (PDT)? PDT is a minimally invasive approach to treat
various diseases through a light-activated photosensitizer (PS). The natural and non-toxic PS from TCM could produce reactive oxygen species (ROS)
to induce strong anti-infectious action [1]. Nanotechnology is a molecular scale system and applying in Chinese medicine for the development of
nanoparticle drug-delivery vehicles. These nano-carriers are less than 100 nm in size with an ability to carry and deliver therapeutics to infection sites
[2]. It is well-known that most of the active compounds from TCM are poor solubility and low bioavailability with limited applications in clinical
settings. Nanotechnology is being employed to produce a nanoscale TCM, its physical specifications, chemical properties, and biological character-
istics endow TCM to have a great bioavailability, solubility, transport, and effectiveness [3]. The nanotechnology also facilitates the accumulation of
PS and the active compounds from TCM in an illness lesion through the enhanced permeability and retention (EPR) effect or active targeting strategies
[4].

One of the famous TCM, curcumin is a polyphenol extracted from turmeric. It has anti-inflammatory, antimicrobial, and antiviral activities. This is
safe and non-toxic, but it has a rather broad absorption peak (range 300-500 nm), with a maximum absorption band at wavelength 430 nm [5].
However, curcumin is poor bioavailability. Nanotechnology helps improve its solubility and therapeutic efficacy [6-8]. The photo-activation of a
nano-curcumin system reduced a significant decrease in cell viability for all of the cancer cells when applied in PDT. This damage was limited to the
illuminated area without long-term, and systemic side effects because of the precise light irradiation on anatomical sites [9]. Dagrada G et al. reported
the self-assembled nano-micelles as curcumin drug delivery vehicles enhanced the effectiveness of PDT. The nanocarrier system efficiently delivered
curcumin to solitary fibrous tumour cells. When light irradiation was applied, nanocurcumin significantly enhanced the killing activity on cancer cells
and prevented cancer cell invasiveness [10].

Besides, Hosseinzadeh R et al. designed a PDT experiment using a nano-curcumin system with blue LED (465 nm; power density: 34 mWcm~2) for
the photo-activation to produce singlet oxygen. The effect of PS concentration is about 075 pg.mL ™! used on MDA-MB-231 cancer cells [11]. Jiang S
etal. also developed the solid lipid nanoparticles with curcumin used in blue LED (430 nm; power density: 50 m Wem™2) for PDT. The concentration of
it curcumin nanoparticles is only required 15 pM to induce the A549 cell death more than 80% [12].

Nanotechnology improves the characteristics of curcumin and endows it to have the ability to target an infection area. Yang XX et al. reported
curcumin modified silver nanoparticles (cAgNPs) with a highly efficient inhibition effect against respiratory syncytial virus (RSV) infection that
prevented RSV from infecting the host cells by inactivating the virus directly [13]. Lee WH et al. discovered that curcumin nanoparticles (cur-NPs)
were more effective in suppressing the expression of the inflammatory marker, Interleukin-8 (IL8) [14].

Up to the present, COVID-19 is a virus that leads to severe acute respiratory syndrome (SARS). The severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) is attached to an angiotensin-converting enzyme 2 (ACE2) receptor of spike glycoprotein for its viral replications. The transmembrane
protease serine 2 (TMPRSS2) interacted with a disintegrin metallopeptidase domain 17 (ADAM17) to give a high level of ACE2 expression causing
lung inflammation and pulmonary oedema [15].

There are some strategies of curcumin loaded with nanoparticles in the past PDT investigations. Preis E et al. identified the spray-dried curcumin-
loaded nanoparticles for aPDT which possessed a good dispersibility and attached on the bacterial cell wall, low dark toxicity, minimal adverse effects,
as well as high photo-inactivation when combined with aPDT. An efficient antibacterial photo-activity causing 99.99992% (6.1 logio) and 97.75%
(1.6 logi0) reduction in the viability of Staphylococcus saprophyticus subsp. bovis and Escherichia coli DH5 alpha respectively. The antibacterial photo-
activity was only around 80% (6.1 log;() compared to the control (curcumin alone) for aPDT. Since nanoparticles exhibited mechanisms leading to
higher permeability by directly interacting with the bacterial cell wall and disrupting its three-dimensional organization, thereby increasing the
uptake of photosensitizer (curcumin), and enhancing the aPDT efficacy [16]. Pourhajibagher M et al. indicated the antibacterial properties of
nano-curcumin (nCur) reinforced with aPDT. 5% of nCur serves as an excellent Activa BioActive Base/Liner (ABBL) additive in aPDT producer against
S. mutans biofilms up to 60 days of the ageing period [17]. Trigo Gutierrez JK et al. reported curcumin in polymeric nanoparticles (NP) has a higher
antimicrobial photodynamic effect for planktonic cultures than biofilms [18].

Curcumin acts as a PS and an antiviral agent against SARS-CoV-2. It inhibited the 3C-like protease (3CLP™), and inhibition of ACE II receptor for its
virus self-replication. The nanotechnology approach enhances the solubility of curcumin [19]. This is expected that nano-curcumin is more effective to
target SARS-CoV-2 when PDT is applied.

All of the information demonstrates that nanotechnology with traditional Chinese medicine (TCM) is suitable for photodynamic therapy (PDT)
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against SARS-CoV-2. Does it depend on which photosensitizers (PS) do you use? Curcumin is the best choice in TCM because it is natural and non-toxic.
Nanotechnology improves the physical features of curcumin and enhances its therapeutic efficacy. However, much more work needs to be done, such
as the dosage and safety assessment of the nano-curcumin for PDT in humans.

Author contributions

All authors contributed to the concept, acquisition, and analysis of data, drafting of the manuscript, and critical revision of the manuscript for

important intellectual content which was approved as a final version for publication.

Declaration of Competing Interest

The authors have no conflicts of interest to disclose.

Funding Sources

The authors received no funding source/grants or other materials support for this work.

References

[1]
[2]
[3]
[4]
[5]
[6]

7]
[8]

[91
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

K.T. Kazantzis, K. Koutsonikoli, B. Mavroidi, M. Zachariadis, P. Alexiou, M. Pelecanou, K. Politopoulos, E. Alexandratou, M. Sagnou, Curcumin derivatives as photosensitizers in
photodynamic therapy: photophysical properties and in vitro studies with prostate cancer cells, Photochem. Photobiol. Sci. 19 (2) (2020) 193-206.

G. Yan, Y. Wang, X. Han, Q. Zhang, H. Xie, J. Chen, D. Ji, C. Mao, T. Lu, A Modern Technology Applied in Traditional Chinese Medicine: progress and Future of the Nanotechnology
in TCM, Dose-Response. 17 (3) (2019), 1559325819872854.

X. Jiang, M. Lin, J. Huang, M. Mo, H. Liu, Y. Jiang, X. Cai, W. Leung, C. Xu, Smart Responsive Nanoformulation for Targeted Delivery of Active Compounds From Traditional
Chinese Medicine, Front. Chem. 8 (2020), 559159.

Y. Peng, L. Chen, S. Ye, Y. Kang, J. Liu, S. Zeng, L. Yu, Research and development of drug delivery systems based on drug transporter and nano-formulation, Asian J. Pharm. Sci. 15
(2) (2020) 220-236.

T. Haukvik, E. Bruzell, S. Kristensen, H.H. Tgnnesen, Photokilling of bacteria by curcumin in selected polyethylene glycol 400 (PEG 400) preparations. Studies on curcumin and
curcuminoids, XLI, Pharmazie. 65 (8) (2010) 600-606.

P. Verderio, P. Bonetti, M. Colombo, L. Pandolfi, D. Prosperi, Intracellular drug release from curcumin-loaded PLGA nanoparticles induces G2/M block in breast cancer cells,
Biomacromolecules. 14 (3) (2013) 672-682.

R.K. Das, N. Kasoju, U. Bora, Encapsulation of curcumin in alginate-chitosan-pluronic composite nanoparticles for delivery to cancer cells, Nanomedicine. 6 (1) (2010) 153-160.
K. Wang, T. Zhang, L. Liu, et al., Novel micelle formulation of curcumin for enhancing antitumor activity and inhibiting colorectal cancer stem cells, Int. J. Nanomed. 7 (2012)
4487-4497.

R.P.A. de Matos, M.F. Calmon, C.F. Amantino, L.L. Villa, F.L. Primo, A.C. Tedesco, P. Rahal, Effect of Curcumin-Nanoemulsion Associated with Photodynamic Therapy in Cervical
Carcinoma Cell Lines, Biomed. Res. Int. 2018 (2018), 4057959.

G. Dagrada, K. Rupel, S. Zacchigna, E. Tamborini, S. Pilotti, A. Cavalleri, L.E. Fechner, E. Laurini, D.K. Smith, S. Brich, S. Pricl, Self-Assembled Nanomicelles as Curcumin Drug
Delivery Vehicles: impact on Solitary Fibrous Tumor Cell Protein Expression and Viability, Mol. Pharm. 15 (10) (2018) 4689-4701.

R. Hosseinzadeh, K. Khorsandi, Methylene blue, curcumin and ion pairing nanoparticles effects on photodynamic therapy of MDA-MB-231 breast cancer cell, Photodiagn. Pho-
todyn. Ther. 18 (2017) 284-294.

S. Jiang, R. Zhu, X. He, J. Wang, M. Wang, Y. Qian, S. Wang, Enhanced photocytotoxicity of curcumin delivered by solid lipid nanoparticles, Int. J. Nanomed. 12 (2016) 167-178.
X.X. Yang, C.M. Li, C.Z. Huang, Curcumin modified silver nanoparticles for highly efficient inhibition of respiratory syncytial virus infection, Nanoscale. 8 (5) (2016) 3040-3048.
W.H. Lee, C.Y. Loo, H.X. Ong, D. Traini, P.M. Young, R. Rohanizadeh, Synthesis and Characterization of Inhalable Flavonoid Nanoparticle for Lung Cancer Cell Targeting,

J. Biomed. Nanotechnol. 12 (2) (2016) 371-386.

W. Ni, X. Yang, D. Yang, J. Bao, R. Li, Y. Xiao, C. Hou, H. Wamg, J. Liu, D. Yang, Y. Xu, Z. Cao, Z. Gao, Role of angiotensin-converting enzyme 2 (ACE2) in COVID-19, Crit. Care. 24
(2020) 422.

E. Preis, E. Baghdan, M.R. Agel, T. Anders, M. Pourasghar, M. Schneider, U. Bakowsky, Spray dried curcumin loaded nanoparticles for antimicrobial photodynamic therapy, Eur. J.
Pharm. Biopharm. 142 (2019) 531-539.

M. Pourhajibagher, L. Ranjbar Omrani, M. Noroozian, Z. Ghorbanzadeh, A. Bahador, In vitro antibacterial activity and durability of a nano-curcumin-containing pulp capping
agent combined with antimicrobial photodynamic therapy, Photodiagn. Photodyn. Ther. 33 (2021), 102150.

J.K. Trigo Gutierrez, G.C. Zanatta, A.L.M. Ortega, M.1.C. Balastegui, P.V. Sanita, A.C. Pavarina, P.A. Barbugli, E.G.O. Mima, Encapsulation of curcumin in polymeric nanoparticles
for antimicrobial Photodynamic Therapy, PLoS ONE. 12 (11) (2017), e0187418.

D. Dourado, D.T. Freire, D.T. Pereira, L. Amaral-Machado, N. Alencar E, A.L.B. de Barros, E.S.T. Egito, Will curcumin nanosystems be the next promising antiviral alternatives in
COVID-19 treatment trials? Biomed. Pharmacother. 139 (2021), 111578.

Siukan Law®’, Albert Wingnang Leung’, Chuanshan Xu®
& Department of Science, School of Science and Technology, Hong Kong Metropolitan University, Ho Man Tin, Kowloon, Hong Kong
Y School of Nursing, Tung Wah College, 31 Wylie Road, Ho Man Tin, Kowloon, Hong Kong

€ Key Laboratory of Molecular Target and Clinical Pharmacology, State Key Laboratory of Respiratory Disease, School of Pharmaceutical Sciences & Fifth

Affiliated Hospital, Guangzhou Medical University, Guangzhou 511436, China

* Corresponding author.
E-mail address: siukanlaw@hotmail.com (S. Law).


http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0001
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0001
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0002
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0002
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0003
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0003
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0004
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0004
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0005
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0005
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0006
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0006
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0007
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0008
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0008
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0009
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0009
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0010
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0010
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0011
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0011
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0012
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0013
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0014
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0014
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0015
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0015
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0016
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0016
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0017
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0017
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0018
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0018
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0019
http://refhub.elsevier.com/S1572-1000(21)00367-7/sbref0019
mailto:siukanlaw@hotmail.com

