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Journal determinant, correlation Min Chen, Journa! of Mathematical
Aper functions and Painlevé Yang Chen, Physics. vol. 57, pp. SCI
bap equations Engui Fan | 023501-31, January 2016.
Journal On the variance of linear Cao Min Acta Physica Polonica B,
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bap random matrices & 1020, February 2016.
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Journal The largest eigenvalue Shulin Lvu Acta Mathematica Scientia
Aper distribution of Laguerre van Chian, vol. 37, no 2, pp. 439-462. SCI
bap Unitary ensembles 8 March 2017.
tixecligit:ﬁgjé izlztl(:g;;(; Random Matrices: Theory
Journal . e Shulin Lyu, and Applications, vol. 6,
associated with the SCI
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8 weight February 2017.
Explicitly self-similar : .
Journal solutions for the Euler/ Yang Chen, | Applied Mathematics letters
aper Navier-Stokes-Kortewe Engui Fan, vol. 67, pp. 46-52, >cl
pap . . & | Manwai Yuen May 2017
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Single-User MIMO System, Chen, Min Journal of Mathematical
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Painlevé Transcendents SCI
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& Blower, December 2017.
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. . Equations and Applications,
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. . - vol. 23, no. 12, SCI
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a-tas ' September 2017.
Nonlinear difference Hongmei Mathematical Methods in
Journal | equations arising from the | Chen, Galina | the Applied Sciences, vol. Sl
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Journal probability distributions Shulin Lyu, Nuclear Physics B,
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Journal . Cao Min, Mathematics, vol. 140, no.
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paper . Maria das no. 4, pp. 1802001-3,
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: Neves September 2018.
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A;Iiaziﬁaréeoiiiiigus L.M. Yang, L.Y. Shen, Computer Assisted
HFIER L Tracking Task: A Pilot W.Y. Nan, F. Wan, F. | Surgery, S1:1-8, Oct. SCI, El
acking as A THO Zhu and Y. Hu 2017
Study
Eyes-Closed Resting
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In this proposal, we endeavored to develop G-quadruplex-based detection platform utilizing
iridium(lll) complex as the signaling unit, in order to develop an efficient detection method for
monitoring heavy metal ions and toxic chemicals in Chinese herbal extracts, such as Pb?+ ions,
ochratoxin A (OTA), and glyphosate (GLY). Furthermore, the successful completion of this project
could serve to enhance the international reputation of the University of Macau. In the long-term,
we envisage that the luminescent platform for heavy metal ions and toxic chemicals developed in
this project could be eventually commercialized into a product for use by both academic, industry
and government researchers worldwide working in the fields of traditional Chinese medicines,
quality assurance/quality control, public health or pharmaceutical sciences.

B S ENREFNAR FT AU RAVLLER

In both domestic and foreign arena, a significant number of researchers have committed efforts to
developing oligonucleotide-based assays for heavy metal ions and toxic chemicals. For example, a
Chinese group headed by Jianping Lei from Nanjing reported an aptamer-based assay Pb?+ detection
in2014," while Pei Zhou and co-workers from Shanghai have developed a label-free, G-quadruplex
sensor for Pb’*+ using the organic dye SYBR Green.? An electrochemical oligonucleotide-based
biosensor for Hg?+ was reported by Shun Wang and co-workers from Wenzhou,* while Xiaodong
Zhou and group from Wuhan have developed a nanoparticle-based SERS detection method for As’*.*
Overseas, Abnous, Emrani and co-workers have reported a Pb?+ aptamer-based assay involving
carbon nanotubes,® Liu and co-workers have developed a phosphorothioate RNA probe adsorbed
on graphene oxide for Hg*+ detection,® while Lakatos’s group from Germany have reported the
colorimetric detection of As®+ based on S-layer functionalized gold nanoparticles.” Song et al.
discovered a lab-on-a-molecule for recognizing Hg?+ concentration and pH fluctuation.?

In the context of toxic chemical detection, Zhong, Wang and co-workers from Chongging have
recently reported a electrochemiluminescence biosensor for the detection of organophosphate
pesticides,’ while Zhang, Li and co-workers from Wuhan have developed a europium nanospheres-
based fluorescence method for the determination of aflatoxin concentration in feed. Internationally,
Sharma and Wangoo and co-workers from India have reported a gold nanoparticle-based
aptasensor for organophosphorus pesticide phorate detection,' while Loprasert and co-workers
from Thailand have developed a sensitive genetic-based whole cell biosensor method for the
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specific detection of the pesticide chlorpyrifos."" A South Korean group led by Min-Gon Kim has
recently reported a structure-switchable aptasensor for aflatoxin B1 detection based on a aptamer/
split DNAzyme,'> while Arduini and co-workers from Italy have developed optical sensing systems
for aflatoxin B1 using colorimetric or fluorescence assays."

These studies highlighted above demonstrate the recent interest that has been devoted to the
development of oligonucleotide or small molecule-based detection systems for heavy metal
ions and toxic chemicals, both domestically as well as internationally. However, we note that
none of these assays have utilized the powerful combination of an oligonucleotide-based signal
transduction system, luminescent label-free sensing, and microfluidics technology in order to
develop an inexpensive, sensitive and rapid screening platform for heavy metal ions or toxic
chemicals in Chinese herbal extracts.

Traditional Chinese medicine has received increasing interest and awareness all over the world
over the past few decades, but its greater acceptance has been significantly hindered by fears
of contaminants in the plant or animal products used for the preparation of herbal remedies.
The innovation of our proposed research lies in our synergistic combination of oligonucleotide-
based sensing, label-free luminescent probes and microfluidics to develop a simple, cost-effective,
sensitive and rapid screening platform for heavy metal ions and toxic chemicals (including pesticides
and microbial metabolites) in traditional Chinese herbal products. This research is innovative
because no other research group either domestically or globally has attempted to harness this
unique combination of interdisciplinary fields to develop a “mix-and-detect” sensing platform
suitable for the routine analysis of Chinese medical extracts. Compared to existing instrumental
methods and other commercial testing kits for heavy metals and toxic chemicals, our system is
simple and cost-effective, and does not require operator training or extensive sample preparation.
Our methodology also compares favourably with aptamer-based sensors reported in the literature
that employ relatively expensive or complex labelled oligonucleotides. Therefore, we believe that
our proposed assay represents a technological breakthrough, which could be rapidly adopted
by health-conscious consumers, health professionals, pharmaceutical companies or government
regulatory agencies worldwide, for the simple, rapid, sensitive and cost-effective detection of
heavy metals and toxic chemicals in Chinese herbal products.

EEMNRERIMR

In this project, various oligonucleotide designs have been investigated in order to construct label-
free G-quadruplex-based luminescent sensing platforms for various heavy metal ions and toxic
chemicals. Meanwhile, we also fabricated microchips for the detection of heavy metals using
oligonucleotide-based luminescent probes.

A.Development of luminescence methods for heavy metal ions detection

B. Development of luminescent label-free aptamer-based detection assays for toxic chemicals
using the novel iridium(lll) complexes

C.Development of microfluidic chip for the detection of heavy metal ions and toxic chemicals
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We have published 24 articles in high-impact journals as below. 12 articles of these have been
published in the academic journals whose impact factors are 5-10, and one of these has been
published in an academic journal whose impact factor is 10-20. Meanwhile, 2 US patents for the
detection of lead ions were approved. During the period, 4 awards were also achieved.
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13091-13095
(2018).
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A robust photoluminescence Chemical
Journal paper screening assay identifies G.D. Lj, Science 11(7), SCl
bap uracil-DNA glycosylase inhibitors | C.H. Leung 1750-1760
against prostate cancer (2020).
An iridium(lIl) Analytical
complex/G-quadruplex ensemble | J.T. Zhang, Biochemistry
Journal paper for detection of ochratoxin A based| C.H. Leung 580 49-55 Scl
on long-lifetime luminescent (2019).
Long-lived iridium(lll) complexes Sensors and
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bap for the detection of metal ions C.H. Leung 3-17 (2019).
A simple iridium(lll) dimer Analytica
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Parkinson’s disease 2019 Sep ‘
Experimental alcoholism Liu @ an L, .
o rimes structural and Huang M, Zeng H, |Brain Behav Immun. WeB 1%
HF]ER L funcF’iional oairment of the Satyanarayanan SK, | 85.106-119, 2020 SCU 3%
P Shi Z, Chen D, Lu JH, Mar ’
glymphatic pathway Pei 7 Yao X. Su M.
Azoramide protects Ke M, Chong CM,
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Chameleonic Dye Adapts . ACS Applied Materials
to Various Environments Hang Yin,
Journal L - & Interfaces, vol. 9, no.
Shining on Ruibing Wang EI/SCI
paper . 38, pp. 33220-33228,
Macrocycles or Peptide and et al
, August 2017
Polysaccharide Aggregates
Constraining the Hang Yin, Chemistry-An Asia
Journal Teratogenicity of Pesticide Qianxian Journal, vol. 13, no. 1, EI/SCI
paper Pollution by a Synthetic | Huang, Ruibing pp. 41-45,
Nanoreceptor Wang et al January 2018
Inhibition of drug-induced Qianxian
Journal seizure development in Huang, Kuok, | Nanoscale, vol. 10, no.
Aber both zebrafish and mouse Kit leng, 22, pp. 10333-10336, EI/SCI
bap models by a synthetic Ruibing Wang January 2018
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nghly Blocompatlble Yuanfu Ding, | ACS Applied Materials
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Journal ) Shengke Li, & Interfaces, vol. 10,
Nanoparticles for 0 EI/SCI
paper . Ruibing Wang | no. 12, pp. 9980-9987,
Improved Photodynamic
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uril (n =7, 8) 5 p
Appllca.\tlons of Cucqrblt[n] Hang Yin, Israel Journal of
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Review . . Ruibing Wang, | Chemistry, vol. 58, no.
Pharmaceutical Sciences Q. EI/SCI
paper . Ruibing Wang 3-4, pp. 188-198,
and Complexation of ,
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Biomolecules
Multiscale and Soneling Han
Journal Multifunctional Sig y gun " | ACS Central Science,
Aber Emulsions by Host—Guest Ruib>i/n Wa,m vol. 4, no. 5, pp. 600- EI/SCI
bap InteractionMediated Self- etgal 8 605, May 2018
Assembly
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poyemnyienit 8 Hang, MANg | o1 6, no. 5, pp. 1031- | E/SCI
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- 1039, May 2018
cytotoxicity Wang et al
Glutat.hl(.)ne—r.esponswe Qian Cheng, Chemical
homodithiacalix[4]arene- . I
Journal . Hang Yin, Communications, vol.
based nanoparticles for . EI/SCI
baper selective intracellular dru Ruibing Wang | 54, no. 58, pp. 8128-
. & etal 8131, June 2018
delivery
Yan Gao, Kit Crlt‘lcal Reviews in food
. . . . Science and Nutrition,
Review | Biomedical applications of leng Kuok,
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September 2018
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Journal to treat the side effects Zhan gJQian Theranostics, vol. 9, no.
induced by a depolarizing & <1 11, pp. 3107-3221, EI/SCI
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Wang et al
agent
Oral Colon-Targeted Konjac
Glucomannan Hydrogel Yuanfu Ding, ACS Applied Bio
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Journal .. . . Harnett J, Zheng | Chinese Medicine.
Aber containing traditional Chinese X Liang 7. Wan 14:54 (2019) SCI
pap medicines for diabetes ' & & 5 ’
. . YT, Ung COL
management: a systematic review




ERMEBEREENFRENER RIEFTEERRRIBE

BRED GREH TEEME | EWEE | oL
RIS
The effects of bioactive
Journal componejn’.[s from the rhizome of Chong CM, Su X, | Chinese Medicine.
Salvia miltiorrhiza (Danshen) on i SCl
paper the characteristics of Alzheimer’s Lu), Wang YT 14:19 (2019)
disease
Zhong ZF, Zhang
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INTRODUCTION

Literatures indicate an underutilized level of cardiac rehabilitation (CR) referral and participation
worldwide. Only one-third of eligible coronary heart disease (CHD) patients after coronary
revascularization would attend CR. In western countries, CR referral rate of CHD patient was
around 40% and the 36% - 80% of myocardial infraction patients would attend CR. The data
in Asian regions were much more unsatisfied while compared with that in western. To improve
cardiovascular (CV) risk factors modification and effects of CR, eHealth and mHealth are
suggested in literature to enhance CV healthy lifestyle change, medication compliance, self-care
management, quality of life and potential reduction of recurrent cardiac events. The mHealth CR
was recommended which was more assessable and convenient by containing more interactions via
text message, remote-monitoring which facilitate health behaviour change. However, it was found
that limited studies were grounded by theoretical framework. In addition, gaps in the literature
and local service were identified that there was no Chinese mCR for Chinese PCI patients. On the
other hands, there is currently no community care centre can support phase Il CR in Macau. It
is our responsibility for cardiac healthcare providers to deliver a transitional care of phase Il CR.
Therefore, a theoretical framework underpinned, a smartphone-based mCR study was conducted.

AIMS

To assess the feasibility and effects of a smartphone-based mHealth application on CR (mCR),
compared to usual CR care, among post PCl patients on the outcomes of: level of anxiety and
depression, exercise capacity, physical activity level, CHD risk factors modification, medication
adherence, self-efficacy on performing exercise and diet for cardiac health, health-related quality
of life, cardiac-related rehospitalization and Acute & Emergency Department (A&E) visit, CR App
utility and satisfaction.

METHODOLOGY

It was a mixed-methods experimental design. The primary strand was a quantitative experimental
randomized-controlled trial (RCT) and embedded a sequential qualitative study for program
evaluation.
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CONCLUSION

This mCR study was designed for Macao post PCI patients to support their self-care and adherence
in phase Il CR after hospital discharge. Thus, a multi-phase mixed methods research, started from
an mCR experimental RCT which embedded a qualitative evaluation, was conducted. Although
the mCR study did not induce s significant improvement in some of CV risk factors, the intervention
yielded significant changes in reducing TC, LDL, and sitting time, anxiety level, and enhancing
regular exercise, self-efficacy and HRQL.

Qualitative findings confirmed all the quantitative significant effects on outcomes across
different time points. In addition, qualitative evaluation further explained the potential effects on
psychological outcomes.

The results were encouraging to motivate and helped post PCI patients adhere to their CR
recommendations.

‘ N ARSI
42+ BB KETR 4+ T = V=
R BRETE IBRAE | GRS e
Oral presentation
in the 8th
The Feasibility and Effects of Asian Preventlve
o Cardiology
} Smartphone-based Application on & Cardiac
EE T D Cardiac Rehabilitation for LAO, Sio-wa N -
Rehabilitation
Percutaneous Coronary
Intervention Patients in Macau. Conference
(APCCRC), HK.
Date:
2020/11/28~29
The effectiveness of electronic Oral presentation Journal of
technology application on cardiac in the 2nd Clinical &
G rehabilitation for percutaneous | LAO, Sio-wa World Heart Experimental
coronary intervention patients: a Congress, Japan. Cardiology
literature review. Date: 2018/5
“Outstanding
The Feasibility and Effects of Academic
Smartphone-based Application Award”, by the
JERE on Cardiac Rehabilitation for LAO, Sio-wa Nethersole -
Percutaneous Coronary School of Nursing,
Intervention Patients in Macau. CUHK.
Date: 2019/5/10
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Research Background

Cancer is a leading cause of death: around 12.7 million cases and 7.6 million deaths occurred in
2008, it was increased to 19.3 million cases and 10 million deaths (around 13% of all deaths) in
2020. The increase reflects not only an increasing and aging population, but also the remarkable
difficulties of curing the disease. It is expected that annual cancer cases will rise to 22 million
within the next 2 decades 1,2.

Current regimens are protracted, and the narrow therapeutic index of many agents results in
substantial degradation to patient well-being outside of causes due to disease effects in general.

The development of multidrug-resistance3a to anticancer drugs is the main cause of failure in
chemotherapy during the treatment of cancer (e.g., lung, colon, breast). Furthermore, chemotherapy
is not broadly effective in eradicating the disease and, on cessation of treatment, the disease may
recur, and it becomes more refractory to subsequent treatment. The development of resistance
(MDR, Multidrug-Resistance) is a substantial problem in treatment of cancer3b.

Multiple mechanisms have been involved in cancer cell chemoresistance: transporter protein
for efflux of drugs out of the cell and in particular acquiring mutations that enable survival, the
“switching” between different receptor-driven signaling pathways.

The overexpression of ATP-binding cassette (ABC) drug transporters such as ABCB1, ABCC1, and
ABCQG2 is a major obstacle and one of the most common mechanisms for the development of
multidrug-resistance (MDR) in cancer chemotherapy.

P-glycoprotein (P-gp/ABCB1) is the best studied drug efflux pump of the family of ABC transporters4
and key player in the multidrug-resistant phenotype in cancer. The protein confers resistance by
mediating the ATP-dependent efflux of anticancer drugs. Its broad specificity has been the subject
of numerous attempts to inhibit the protein and restore the efficacy of anticancer drugs. In recent
years, the efficacy of many therapeutic drugs has been challenged due to emergence of MDR that
is associated with overexpression of ABC drug transporters in cancer 5a,b. The overexpression of
ABCB1 confers significant resistance to a wide variety of chemotherapeutic substrates including
taxane (e.g. paclitaxel, docetaxel) 5c, epipodophyllotoxins (e.g. etoposide) 5d, Vinca alkaloids
(e.g. vinblastine and vincristine) 5e, anthracyclines (e.g. doxorubicin and daunorubicin) 5f.
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Another most commonly encountered drivers is the activating mutation in epidermal growth factor
receptor (EGFR)6a, which has been observed in approximately 17% of patients of Non-small-cell
lung cancer (NSCLC).

Artemisinin (ARTs, also known as ginghaosu)(chart.1) is a sesquiterpene lactone endoperoxide,
containing a 1,2,4-trioxane as a pharmacophore, isolated from the hexane extract of a Traditional
Chinese Medicinal (TCM) plants Artemisia annua (Asteraceae), also known as sweet wormwood,
a plant which has been used for the treatment of fever and malaria since ancient times6b.

Its semisynthetic derivatives artesunate (AS) and dihydroartemisinin (chart 1, DHA) exert not only
antimalarial activity, even to otherwise drug-resistant Plasmodium, but also display inhibitory
activity towards other diseases, including cancer in vitro 7aand in vivo 7b.

An important finding that 1,2,4-trioxanes (ozonides) demonstrated the highest antimalarial
activity in comparison with the structurally much simpler natural or semisynthetic ARTs 8. Also
presented activity against cancer. Fully synthetic artemisinin derivatives have also been designed

by preserving the peroxide moiety which confers potent drug activity with time and cost lower.

Research Objectives

(1) Organic Synthesis of novel synthetic 1,2,4- trioxanes ( ozonides)

(2) Determine the anti-tumor effect of ozonide analogs and analysis on P-gp and EGFR high-
expressing cells.

(3) Computational docking of ozonide analogs with P-gp and EGFR targets;
(4) Clarify the mechanism of ozonide( ozonides);
(5) Improve the efficacy of ozonide through structural modification

Progress of the Research

(1) Synthesis a new series of mono-, di- and tri-halogenatedarylvinyl-1,2,4-trioxanes

(2) Out of all twenty-eight analogues, ten were found to be in vitro potent antiplasmodial agent,
active against cancer cells and some active against P-gp.

(3) In-silico docking studies of the potent halogenated 1,2,4-trioxanes along with reference drug
molecules against P-gp (P-gp/ABCB1) (PDB code: 6FNT1 and 6C0V) and epidermal growth
factor receptor (EGFR; PDB ID: TM17) have demonstrated the strong virtual interaction.

(4) Study of SAR relatively to anticancer ( and antimalarial activity)

(5) Preliminary study of mechanism of action
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Research Deliverables and Applications

(1) Library of novel functionalized 1,2,4-trioxanes was prepared
(incorporated with pharmaceutically privileged scaffolds via 102-mediated photo-oxygenation
of allylic alcohols (b), followed by acid-catalyzed cyclization of § -hydroxyhydroperoxides (c)
using literature9 procedures as shown in Scheme 1.

(2) Two derivatives of the series, compounds 6 (IC50 0.81pM; SI 20.66) and 7 (IC5 0.69uM;
SI 16.66) were also found to be 123-fold and~145 fold more potent with higher selectivity
in comparison to reference drugs chloroquine (IC50 100pM; SI 0.03) and artemisinin
(IC50100pM), respectively against the (A549) lung cancer cell line. All the derivatives have
shown also moderate anticancer activity against liver (HepG2) cancer cell lines.

(3) Two derivatives of the series demonstrated strong activity versus P-gp (100nM).

(4) Computational studies and docking analysis correlate activity of Compounds 6 and 7 against
P-gp.

(5) Study SAR obtained ( see paper attachment)

Further Work

(1) A key facet of chiral 1,2,4-trioxanes synthesis is setting the chiral center. Catalytic asymmetric
photo-oxygenation Ene reaction for the synthesis of chiral 1,2,4-trioxanes is relatively an
unexplored area. To the best of our knowledge, there is no work reported on asymmetric
Photo-oxygenation Ene reaction in the literature so far. Therefore, an enantioselective Photo-
oxygenation Ene reaction will be an attractive strategy for 1,2,4-trioxane synthesis because it
allows access to the requisite chiral B -hydroxyhydroperoxides intermediate in one step and
could be object of future proposal.

(2) To improve selectivity of these compounds we have prepared a new polymer and tested
preliminary study with different drugs (hydrophobic and hydrophilic). Good preliminary
results are encouraging to try to check with these new peroxide this approach.

Briefly describe any existing problems, recommendations and other issues that needed
to be declared

Seen good result on P-gp we concentrated our attention on P-gp target. Preliminary good value
of computational studies and molecular dynamics on epidermal growth factor receptor ( EGFR)
demonstrated that these derivatives could influence also this target.

Only preliminary study for reactivity with cofactors was performed and include in paper in progress
but could be object further study with also different substrate.
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Research Background

The coronavirus (SARS-CoV2) Spike proteins are a type | transmembrane protein trimer comprising
three domains, including S1 and S2 ectodomain, a transmembrane anchor, and an intracellular
tail. The S1 subunit of the ectodomain mediates the binding of the virion to host cell-surface
receptor through its receptor-binding domain (RBD). Since the interaction between the RBD of
coronavirus Spike protein and the human cell-surface receptor, ACE2, is critical for viral infection,
the development of agents that inhibit the interaction has been recognized as a promising approach
to tackle the virus multiplication. For the rapid discovery of new drugs targeting the interaction
between RBD and its receptor ACE2, this study proposed to use recombinant Spike-RBD protein
of SARS-CoV-2 and human ACE2 and screen drug repurposing library to identify RBD-ACE2
neutralizing drugs from human approved drugs.

Research Objectives

Objective 1. Expression of the RBD of SARS-CoV-2 and screening of RBD-binding drugs from
FDA-approved drug library.

Objective 2. Validation of candidate drugs on interaction between RBD and ACE2.

Progress of the Research

(1) We have expressed SARS-CoV-2 spike-RBD in human HEK Expi293 cells and successfully
purified the His-biotin tagged version of RBD protein. RBD protein was used to screen ~2,700
FDA approved drug library using BLI (Biolayer Interferometry) technology to identify RBD
binding drugs.

(2) From the BLI screening, we identified 15 drugs that showed to bind to RBD. In the validation
with RBD-ACE2 neutralization experiments, all 15 drugs have not shown meaningful
neutralization effect on RBD-ACE2 interaction.

(3) We have conducted another FDA-approved drug screening using ELISA-based RBD-ACE2
neutralization. From this screening, we identified verteporfin as an inhibitor of Spike-RBD
binding to human ACE2 for SARS-CoV2 infection. The blocking effect of verteporfin on Spike-
RBD and ACE2 interaction was validated.
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Research Deliverables and Applications

Published one review paper in Experimental & Molecular Medicine (IF: 5.418)

Further Work

Since verteporfin was shown to bind to human ACE2 and inhibited the interaction between Spike-
RBD and ACE2, the combination effect of verteporfin and a neutralizing antibody drug that binds
to Spike-RBD will be investigated in a pseudo-coronavirus infection system to analyze possible
synergistic effect of ACE2-binding drug and Spike-binding antibody. For this work, we are currently
collaborating with Prof. Renhe Xu and Prof. Qi Zhao groups in UM FHS to develop neutralizing
antibody drugs and to set up a high-efficient cellular pseudo-coronavirus infection system.

Briefly describe any existing problems, recommendations and other issues that needed
to be declared

This project was a risk-oriented exploratory project aiming to screen all the possible RBD-ACE2
neutralizing small molecule drugs from FDA approved drug library. Due to the relative low chance
of small molecule drugs to block protein-protein interactions (RBD-ACE2), we identified only one
drug verteporfin which inhibited RBD and ACE2 interaction from the drug library screening. By
the time when we discovered verteporfin, a research group in Fudan University published similar
results in Science Bulletin very recently (Gu et al, 2021, Science Bulletin 66, 925-936). Therefore,
we were not able to apply for patent with this drug. To cope with pandemic, a large number of
research groups worldwide are urgently working on identifying this type of drugs. However, the
pandemic heavily affected reagent/consumable ordering and delivery in Macau, making it very
difficult to outcompete other research groups outside.
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