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1 | INTRODUCTION
Since its first large-scale outbreak in central China in December 2019,
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has caused the coronavirus disease-19 (COVID-19) pandemic globally
(Sahin et al., 2020; Wang, Hu, et al., 2020), and has led to severe dam-
age to human lives and the economy of more than 200 countries
worldwide. By the time this manuscript is submitted, 143,445,675
people have been infected by this virus, and the death toll mounts up
to 3,051,736 globally (World Health Organization website, n.d.).
Besides SARS-CoV-2, six more coronaviruses have been characterized
by now: human CoV229E (HCoV-229E, 1966), human CoV OC43
(HCoV-0C43, 1967), human CoV HKU1 (HCoV-HKU1, 2004), human
CoV NL63 (HCoV-NL63, 2004), severe acute respiratory syndrome
CoV (SARS-CoV, 2003), and Middle East respiratory syndrome CoV
(MERS-CoV, 2013). Chronological analysis of the commence time and
severity of these viruses suggests that the outbreak cycle of the cor-
onaviruses is getting shorter and shorter, and the impact of the
viruses is getting worse and worse. To treat current SARS-CoV-2
infection, and more importantly to prepare for unforeseeable new cor-
onaviruses in the future, scientists from the globe respond quickly in
attempt to identify suitable solutions such as small molecules for the
potential therapy or vaccines for the prevention.

SARS-CoV-2 belongs to a class of coronaviruses featured with
RNA  (Zeidler &
Karpinski, 2020). The spike proteins (S proteins) on the viral envelope

positive-sense, enveloped, single-stranded

include two subunits, S1 and S2, which are the key surface proteins

cells, and eventually promote the virus to enter the host cell (Walls
2020).5ARS-CoV-2 uses angiotensin-converting enzyme
2 (ACE2) receptors to enter the lung cells (Figure 1a). After the attach-

ment of the virus to the host cells, the S protein of the virus interacts

et al.,

with protease enzymes from the host cells, enabling the virus fusing
to the host cell membrane (Cascella et al., 2021). This process relies
on transmembrane serine protease (TMPRSS2) activating S proteins
2020; Valencia, 2020). After the genomic RNA

released into the cytoplasm and then translated to produce poly-

(Hoffmann et al.,

proteins, which is facilitated by virally encoded chymotrypsin-like pro-
2021).
Polyproteins cleavage affords non-structural proteins for the viral

tease (3CLP™) or main protease (MP™) (Cascella et al,

RNA replicase-transcriptase complex. Viral nucleocapsids are assem-
bled with the structural proteins after the viral replication and tran-
scription. Upon encasing viral RNA, these nucleocapsids form the new
virions and are then released from the cells via exocytosis
(Valencia, 2020). Clinical studies indicate that several cytokines from
severe patients' tissue undergo extensive changes, which play a cru-
cial role in the COVID-19 pathogenesis (Liu, Zhang, Huang, Yang,
et al., 2020; Mehta, McAuley, et al., 2020; Wan et al., 2020). Hyper-
cytokinemia (also known as “cytokine storm”) may play as a pivotal
role in life-threatening pathological processes (Figure 1b) (Xu, Shi,
Li, & Zhou, 2020; Xu, Shi, Wang, et al., 2020). It has been proven that
CD4" T cells are rapidly activated to secret inflammatory cytokines
upon the infection with SARS-CoV-2, which further lead to CD14"
CD16™" monocyte activation with high interleukin expression (such as
IL-1, IL-6 etc. see Figure 1b) (Zhou, Fu, et al., 2020). Thus, blocking

that participate in the interaction between the viruses and the host the IL-1 or the IL-6 receptors could potentially alleviate
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FIGURE 1

(a) Schematic illustration of the replication cycle of SARS-CoV-2 and the biological targets for the potential treatment. (b) the

inhibition of excessive inflammatory response. (c) SARS-CoV-2 infects type |l alveolar epithelial cells (type || AEC) via the interaction between its
S proteins and the ACE2 receptor by promoting internalization and degradation of ACE2 and pulmonary ACE/ACE2 imbalance. In turn, the
degradation of angiotensin Il (AT Il) into angiotensin 1-7 (AT-1-7) is prevented (dotted arrows), reducing anti-inflammatory signaling through the
mas receptor (MasR), and promoting pro-inflammatory AT Il signaling through the angiotensin receptor type | (AT1R) in vascular endothelial cells.
Complex interactions involving the renin-angiotensin system, oxidative state, endothelial interaction, and immune activation lead to alveola
edema, lung inflammation, microvascular thrombosis, and acute respiratory distress syndrome. Potential targets have been identified as possible
pharmacotherapies for the prevention, treatment, or management of COVID-19
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immunopathology caused by SARS-CoV-2. The pulmonary renin-
angiotensin system (RAS) is composed by two pathways, whose bal-
ance is crucial for pulmonary homeostasis (Figure 1c). Angiotensin I
(Ang Il), generated by endothelial ACE, acts on angiotensin Il receptor
type 1 (AT1) to promote pro-inflammatory effects and vasoconstric-
tion, whereas epithelial ACE2 cleaves Ang Il into Ang (1-7), which acts
on the MAS1 (MAS proto-oncogene) oncogene to exert anti-
inflammatory and vasodilatory effects. The ACE-dependent Ang Il for-
mation is a vital pathophysiological mechanism in different forms of
acute respiratory distress syndrome (ARDS) (South et al., 2020).

SARS-CoV-2 interacts with ACE2, triggers ACE2 degradation and
the ratio of ACE/ACE2 imbalance, further drives Ang ll-mediated vas-
cular inflammation and pulmonary injury which lead to severe
COVID-19 symptoms (Figure 1c) (South et al., 2020).

Global scientific communities and pharmaceutical industries have
been racing for success to cope with the COVID-19 pandemic in two
major approaches: vaccines for the prevention (Buchholz et al., 2004;
Cheng et al., 2020) and small molecule drugs for the potential treat-
ment (Clinical trial ID: NCT04252885, n.d.; Cava et al., 2020; Kadam
& Wilson, 2017; Lu, 2020; Pant et al., 2021; Sheahan, Sims, Leist,
et al., 2020; Wu et al., 2020; Zhou, Hou, et al., 2020). The vaccine
approach might ultimately be the most effective solution to the cur-
rent pandemic (Karpinski et al., 2021). However, the small molecule
approach is also pivotally important and desperately needed. Such
approach not only could treat the patients at high risk or in critical
condition in the current pandemic but also could prepare for diseases
caused by unforeseeable new coronaviruses in the future.

Since 2020, several review articles have been published regarding
the advances of coronavirus treatment in different aspects. For exam-
ple, Pillaiyar et al. (2020) reviewed the small molecule inhibitors for
the potential treatment of coronavirus by focusing on the drug
repurposing and drug discovery stage. Zhu et al. (2021), Zeng
et al. (2020) used the deep learning approach to identify 41 old drugs
potentially repurposable for treatment of COVID-19. Jean et al.
(2020) reviewed the treatment reality and challenges for COVID-19.
Zhang & Penninger et al. (2020) reviewed the ACE2 as a potential
therapeutic target for COVID-19. Ghosh et al. (2020) summarized the
drug development and medicinal chemistry aspect of COVID-19 ther-
apeutics. Naujokat et al.(2020) concisely summarized the candidate
drugs against COVID-19 by discussing some of the recent clinical
studies, but not in a comprehensive manner. Monpara et al. (2020)
focused on COVID-19 associated complications and biological targets
for potential treatment. Most recently, Alahari et al. reviewed the
mechanisms of action (MOAs) for repurposing drugs in the treatment
of COVID-19 (Yousefi et al, 2021). In addition to above reviews,
other approaches such as drug repurposing strategy (DRS) (Sahoo
et al., 2021), system biology (Jaiswal et al., 2020), and computation
practices (Ojha et al., 2021) were also reviewed recently.

Focusing on the small molecule approach, this article systemati-
cally summarizes those small molecules in current clinical trials for the
potential treatment of COVID-19 in a comprehensive manner. By the
time this review is submitted (April 22, 2021), there are 5441
COVID-19 related clinical studies listed on the NIH Clinical Trials

website (http://ClinicalTrials.gov), ranging from evaluation of small
molecule pharmacotherapies, mesenchymal stem cells or T-cell-based
therapies, convalescent plasma therapies, and immunoglobulins to
medical devices in the treatment of COVID-19. Most of the clinical
studies are in Phases lI-IV stages. Drug repurposing, defined as finding
new indications for existing approved drugs (Tobinick, 2009), is of par-
ticular interest in the response to the COVID-19 pandemic emergency
and urgency. Historic data suggest that de novo drug development
typically takes 10 to 17 years and costs 800 million USD
(Tobinick, 2009). Therefore, de novo drugs approach for combating
COVID-19 might not turn out to be effective and satisfactory in
the current pandemic emergency. On the other hand, the drug
repurposing approach has been proven to be practical and successful
in several cases. This approach significantly shortens the development
time and reduces the cost. Repurposing existing drugs to treat
COVID-19 is biologically feasible as SARS-CoV-2 shares some similar-
ities with other coronaviruses, such as SARS-CoV and MERS-CoV
(Chen, Tian, et al., 2020), and there are many successful precedents in
repurposing antivirals for new virus targets (Mercorelli et al., 2018).
Indeed, most of the drugs currently in clinical trials for COVID-19 are
repurposed from approved antiviral drugs.

Data mining on more than four thousand clinical trials related to
COVID-19 provided us with a pretty large dataset related to small
molecules approach. To better discuss them, those small molecules
were categorized into six classes based on the clinical features of
COVID-19 and possible MOAs. The purpose of this review is to pro-
vide the researchers from both pharmaceutical industries and aca-
demic institutes with a comprehensive summary in this field so that to
save their time in drug discovery research and to accelerate the find-
ing of effective therapy for COVID-19.

2 | TYPES OF AGENTS IN CLINICAL TRAILS
To facilitate the interity of the review, we manually sorted out the
drugs currently in clinical trials by querying the drug database from
the FDA. Thus, for each identified small molecular drug, we
searched for clinical trials on NIH Clinical Trials website using the
name of drug plus “COVID-19” and screened thoroughly the results
obtained. As of April 22, 2021, there are 126 small molecule drugs
in at least 777 clinical trials with various stages for the potential
treatment of COVID-19. These agents are classified into six catego-
ries based on their probable MOAs (Figures 2-4): (1) blocking virus-
cell membrane fusion and entry (25 agents, accounting for 20%);
(2) inhibiting viral replication (29 agents, accounting for 23%);
(3) addressing cytokine storm syndrome (CSS) (51 agents, account-
ing for 40%); (4) modulating immune system (10 agents, accounting
for 8%); (5) anticoagulant therapy (7 agents, accounting for 6%); and
(6) antioxidant supplement (4 agents, accounting for 3%). On the
other hand, all clinical candidates are grouped into four small sub-
classes based on their clinical stages. Thus, there are 4 agents in
Phase |, 42 agents in Phase Il, 46 agents in Phase lll, and 34 agents
in Phase IV (Figures 2-4).
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Blocking virus-cell membrane fusion and

Mounting studies suggest that SARS-CoV-2 invades into the mem-
brane of the host cells mainly through the endocytosis after the S pro-
tein binding to ACE2 on the surface of the host cells (Yang &
Shen, 2020). Then the S protein with the altered configuration facili-
tates the viral envelope to fuse with the host cell membrane via the
endosome pathway. At present, agents such as bromhexine, camostat,
arbidol, linagliptin, chlorpromazine, etc. are being tested to block
endocytosiswhile hydroxychloroquine and chloroquine are being
investigated to block the viral genome released into the cytoplasm.
However, the data from clinical trials indicate that antimalarial drug
hydroxychloroquine neither helps COVID-19 patients improve the
recovery or reduce their symptoms nor prevents coronavirus infection
in healthy people (Self et al., 2020). Both the World Health Organiza-
tion (WHO) and NIH have suspended the clinical trials related to

chloroquine class of medicines. The ongoing clinical trials of potential
drugs targeting to block viral entry into the host cells are summarized
in Table 1.

2.2 | Inhibiting the virus replication

There are two mainly targets inhibiting virus replication: (1) the pro-
tease (3CLP™ and PLP™); and (2) the RNA-dependent RNA polymer-
ase (RdRP). Anti-HIV agents (lopinavir or ritonavir) inhibit protease
3CLP™, thereby blocking the formation of non-structural proteins. In
July 2020, the WHO announced the suspension of the lopinavir/
ritonavir combination clinical trial, citing little or no effect in reduc-
ing the death rate of hospitalized COVID-19 patients in the branch
trial (News press from WHO website, 2021). PF-07321332 and PF-
07304814 are potent and orally active SARS-CoV 3C-like protease
(3CLP™) inhibitors currently in multiple clinical trials including Phase
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Il (Vandyck & Deval, 2021). On the other hand, RdRP inhibitors
such as remdesivir (Grein et al., 2020), sofosbuvir, and galidesivir
could block the replication of the viral genome and the formation of
structural proteins. Discovered by Gilead Sciences, remdesivir is the
first drug to receive emergency FDA approval as sympathy medica-
tion for COVID-19 patients and is currently under various forms of
approval in several countries. Especifically, molnupiravir (aka EIDD-
2801 and MK-4482) induced RNA mutagenesis by the viral RNA-
dependent RdRp. Molnupiravir showed an exciting experimental
results in phase 2 clinical trials, and was one of the most promising
small molecule anti-coronavirus drugs at present (Imran et al., 2021,
Kabinger & Stiller, 2021; Malone & Campbell, 2021). In October
2021, Merck Co. submitted an Emergency Use Authorization (EUA)
application to the US Food and Drug Administration (FDA) for mol-
nupiravir based on the promising results from the Phase
3 MOVeOUT clinical trial (Press releas, Merck Company website,
2021). If approved, molnupiravir will be the first oral drug to treat
COVID-19. Clinical trials for inhibiting virus replication are summa-
rized in Table 2.

2.3 | Addressing CSS

CSS refers to a group of related medical conditions in which the
immune system releases excess of inflammatory signals (interferons,

M Phasel iPhasell HPhaselll &PhaselV

Antioxidant supplement



e WiLEY-L 2

(sanuuo))

(0z0T ‘Aytes|3
epnowen)

(0202 “e 32 1143ssaN
‘020C ‘Z3ImIno)

(020Z “Ie 13 Isweys
‘00T “[e 10 Jausty
‘0202 “[e 32 B1Us0Y)

(020z “le 32 luLBED)
(0coz “le 3=
eAspyoesg
‘020¢ “|e 32 Beseq
“P'U‘€GT9SHY01ON
‘Al (e [e2a1ul)D)

(ozoz “le3e
sojueg-jewy)

EERIIEYETEN |

T¢0¢ sunf-0coc
1970320 /3uinJdau 39A

10uU/08TESEYOLION/E dseyd

120T ‘0€ unr-0z0c
‘6 1990320 /3uiinidal

/€95909101LDN/€3seUd

020C ‘0 42qWanoN

-020¢ ‘9z dunr/3uninidal

/S8ETYY70LON/C 3seyd

1202 ‘8 AInf

-020¢ ‘ST AInf/3uiinial

/T09S.L¥701ON/¢C 3seyd

120C ‘T€ Aenuer

-020¢ ‘2 AInr/pa191dwiod

/€519S¥70LON/¢C 3seyd

120 AeIN-020T

‘TT 9|nuels JatenH Aey

/uonejiaul Aq uljjoius
/0S099€01DON/C 3seyd
Sajep pua(pajew}sa)
-Me)s/snyers/qjl/aseyd

(T seyd) 056Z8E¥0LION
(€ aseyd) zzyT9EY01ON
(¢ @seyd) 9€z8/S¥01ON
(¢ @seyd) 08568E€701ON
(¢ @seyd) 84€£/S¥01DN
(¢ @seud) £9096£701ON
A

€ 9seyd) 08TESEY0LON
:aJe so|dwexs

3U3 JO WIOS ‘sjeL}
|eaiuld 6 Ajrewnxoiddyy

€ aseyd) TOOEYEYO.LON
€ 9seyd) £95909+0.LON
T 9seyd) 600CTEVOLON
Z 9seyd) //TTTEYOLON
T 9seyd) T69€¥970.LON
T 9seyd) 8928Z#701ON
T 9seyd) SETLy0LON

T 9seyd) €CTSEEYOLON
:aJe so|dwexs

3y} JO dWOs ‘s|el}
|eaiuld g Ajrewnxoiddy

(T @seyd) zzSSEVYOLON
(¢ @seud) 66T0T/701DN
(¢ @seyd) 166S/701ON
(¢ @seyd) S8ETHYOLON

(¢ @seud) 1095/¥701ON
(¢ aseud) 609501ON

(¢ @seud) €ST9S01ON
(¢ @seud) 9z6£€701ON

(Z 95eYd) 0S099E¥OLON
(28e3s) @ s[ew3 [eatund

sjuajed
pa1a4ul 6T-AINOD Ul
salpoqiue Sujzjjesnau
Sadueyus Aew pioe
J10UI3R] SUBJ}-|[E UM
uoleuUIquIod ‘s103dadal

23DV saendal-umo(

s|[92 350y
3y3 ojul A1jua SnJIA
3unuanaud Jax0|q 23DV

uoealjdiinw

Z-N\0D-SYVS pue

uolsny |[92 pajelpaw
usaj01d-s BuniqIyul

ZSSUdL 8uppoolg

uol3ejAsodA(8 3DV
UM a1ai9]ul pue
Hd [ewosopus 3uijeAs|3

61-AINOD-hue
410} wisiueyd3W 3|qIssod

9UJE 9J9A9S

o}
‘s1j0D ‘ewssAydws
‘elnuiajoud ‘aseasip
Asuppy ‘uoisualiadAH

‘uoiouNysAp
[el[SY30pUS ‘UoRIRJUI AIH

Jaoued 23e}s0.d

salqel ‘eliejew
wnuedpje) wnipowse(d
‘eliejew ‘suondajul A|H

jueldsuesy

Asupy ‘eseasip

|eape jesayduad

X SWOJpUAS dljogelaw

‘uoisuaadAy ‘oseasip
Je|noseA ‘sajaqelp g adA|

(s)uoneaipul
panoidde-yq4

sisojdode-uy

1siuo8ejue y03dadal || 1V

Jsluogejue GO

1siuo3ejue
(¥V) 101d3234 usdospuy

juase |elejewijue

‘1031q1yul xa|dwod

120 9WOJY203Ad
[ELIPUOYD0M|A|

Jouqiyut 3oV

wisiueydaw [euiSLO

HO_O

NN

(proe
210U33U-SID-ET) UIOUI}BA30S|

J0JIABIBIA|

[

aplweinjezuy

auonbeAoly

)
N NI :
N NN O
: H
o
=%

o
ludiwey

24n3)2nJ3s pue saweu M:._ﬁ_

HU et AL

6T-QIAOD-1uE 353y81Y 3y

AJjua pue uoisny auelquidwl [[93-sniA Suppolg T 319V.L



HU eT AL

2 | WILEY- [y

(ozoz “le 31
Zapueulad-zapueulad)

(0zog ‘@4nD
Jnywind %3 ai1nd)

(0z0oz “Ie 1@ 3zeld)

(P'U‘€9LTSEVOLON
1l ew3 [ea1uD)

(0Z0T “|e 32 ap9|0S)

(0z0gz ‘rewneyjuesen)

(Tzog “le 1w
NH ‘020Z “|e 3 3ueyD)

S9JUR.9J9Yy

120C ‘2T Aleniga4-020¢
‘6T 3sn3ny/Suiinioau

/76506E€701ON/€ 9seyd

1202 dy-0Z02 ‘CC
Judy/8uninidau Jou ‘OAi3oe

/€6S0SEV0LON/€ 3seyd

0202 ‘0¢ ¥sn3ny-0202
‘6¢ [1dy/3uninioal 19A

J0U/6€L99E€0LON/€E dseyd

120T ‘T YeiW
-020T ‘£T Idy/3uninioai
/€9LTSEYOLON/€E 3seyd

T20¢ ‘0€ 2unf-0z0z
‘T 1990320/3urinJdas

/8L6TLEVOLON/E 3seyd

1202 dy-0zZ0Z
Jaquiada/3uilinidal 39A

10U/980L9¥10LDON/€ 3seyd

020z ‘¢ AInr-0z02

‘ST |udy/pa3e|dwod
/0CTSLYP01IN/€ dseyd
sajep pua(pajewilss)
-Mejs/snjeys/ql/aseyd
6T-AINOD-1ue 3s3ysiy ay |

(€ @seyd) 8ZT8T¥¥0OLON
(€ @seyd) 00ZSEVOLON
(€ @s8yd) ¥6506E70LON

(€ 9seyd) £650SEYOLON

(€ @seyd) S08¥SEYOLON
(€ @seyd) 6££99€701ON

(€ aseyd) €9/TSEYOLON

(€ @seyd) 846TLEVOLON

(€ @seud) 980/9¥701ON
(o1qedndde

jou) GE/ET/YOLDON

(€ @seyd) 0ZTSL01ON
(o1qeondde

J0U)T6//¥8701DN

(€ aseyd) §98/201ON

(€ @seud) G6€CTH01ON

(€ @seyd) ¥€STCH701ON

(¢ @seyd) 1289¢S¥01ON

(28e3s) @| sjew3 [earurd

103iqiyul SSddiNL
Hd
21|0S03A2 JO SUlISMO|
ay3 Sunpuanaid pue
peoj [ediA 3y Sudnpay

‘s1S03A20puUd
pajelpsw-uLiyiep
sHqIyur “Jouqiyu
[auueyd L eN/ M
‘Ajus
SNJIABUOJO0D JqIyul
0} S|suueyd uol updolg
Juase Suppo|q
-WwiNID|ed [dUUBYD-MO|S i/

A-0D-S¥IN
9y} Jo uajoad ajids
Yaim Suipeaiul 4ddq
8uppoiq ‘ddq suniqiyu
L¥TAD
pue uojdadai Z3DV
3y} Jo uoiendaiumop
ysnoiys z-A0OD
-SYVS 40 Aiud Buppdo|g

103dadau
uedA[30a3j04d 21€4|NS
ueseday ay3 Suppo|q
‘uajoud axIds g-A0D
-SYVvS Yim 230V
40 uojun ayy Suniqiyul

6T-AINOD-1ue
J10j wsjueydaw 3|qissod

Aanfu Asuppy a3ndy

(NQ) snHilPW s33eqelq

awonw
ewolse|qolo
‘eluauydoziyds se

UoNs SJaPIOSIpP 130YdASH

yoJeasa. euiSue
pue aunssaid poojq
Y31y ‘selwylAy.ie pesaH

Z 2dA} ‘snjijsw sa39qgelq

‘239 ‘ewyise
‘Bupjows 93324310
‘ayoepeay aujesSiw
‘19pJosip Aaixue
|e1nos ‘elsad|esadAH

S9SNUIA pue 13uny
‘el1ajoeq aAnsod-wedd
-1jue ‘OAljedau-weus-nuy

(s)uonzedipul
panoudde-yq4

‘10}1qIyul aseajo.d auLIss

Jouquyut
ZL19S aAniaduwiod

‘lsuueyd
wnipos pue [suueyd
wnissejod V¢ H-G €q
sujwedop Jo 3siuodejuy

Jouquyul HYEdAD
‘Joyiqiyul ds-d pue
19)20|q [suueyd wnide)

Joyquyul y-dda

J250|q-2d/rd
9AI109[9S-UON

Adoje|npowounwiwi
pue ‘AJojewwejuy
-jue ‘[eiqoniw-puy

wslueydsw [euiSliO

jeIsowejeN

O, B, i
A OH
O voH

oH

uizo|3edeq

A0

N
I

auizewoudiolyd

\
4 } N
\% e

Jlwedesdap

x\ i

undiseury

'Q o/L/\z/j

|ojoueidoud

(u19304d) ULLIJO}OET

21n32n43s pue sweu 3niq

(penupuod) T 3714VL



e WiLEY-L =

HU et AL

(ssnunuo))

(0z0z “|e 32 SuenHy

“p'u ‘688ZSTYOLON

1ql [eus [edud

“pu ‘p6509Z¥01ON
‘@l (e [e21u1]D)

(020T “|e 32 OJ]P1IA)

(0zoz ‘oqezs
3 Jopner]
‘0202 “|e 12 lueidspe))

(0zog “e 32 Suenp)

(0zog ‘uisioD 3
o133e|A :0z0C e 10
weliewsiqeH)

(020z “|e 33 luueD)

S9JUR.9J9Yy

0¢0¢

‘2T 1Mdy-0Z0C ‘ST [Hdy

Juonepaul Aq Sujjjoius
/¥8905€¥0LION/¥ 3seyd

020z 4aqua22Q
-020¢ ‘LT |udy/3uiiniay
/98£SEEYOLIN/¥ 9seyd

020z ‘TZ AInf-0202
‘12 1Mdy/3uilnioas 394

J0u//88S¥EYOLION/Y 9seyd

120T 42qwa2eQ

-020¢ ‘T dunf/(3uipuny

21|gnd 40 ¥2e|) UMeIpyHM
/9068EEY0LIN/¥ 9seyd

020z ‘0€ aunf
-020¢ ‘0T |udy/3uiinioay
/9T0SSEYOLIN/ Y dseyd

220 42qwi91das-0z0e
‘9z 4990320 /3ulnIdal

/666605701DN/€ 9seyd
sajep pua(pajewilss)
-Mejs/snjeys/ql/aseyd
6T-AINOD-1ue 3s3ysiy ay |

(T 9seyd) 6T49/701DN
(¥ @seud) +6509Z7#01DN
(¥ 9seyd) +890SEY01ON

(7 @seYd) 98/4SEEVOLON

¥ 9seyd) £88SEYOLDON
€ 9seyd) ¢¢89¢80.LON
€ aseyd) ¥€TZ0LON
T 9seyd) 169€4970.LON

(
(
(
(
(¢ @seud) £190€S701ON
(€ @seud) £6t£59701ON
(€ @seyd) §T85S¥701ON
(€ aseyd) 992809701ON
(¢ @seud) z65€85701ON
(¢ @seud) €99¥¢S701ON
(

T 9seyd) ¥82ESEV0LON
:aJe so|dwexa

93 JO BWos ‘s|eL
|ea1uIPeT Ajejewixolddy
(a1geo1dde
0u) £9/€/Z¥01ON
(7 @seyd) 920SSEVOLON
(€ @seyd) ¥ET¥ZrYOLON
(Toseyd
Aled) 67€0VEYOLON

(T ®seyd) §9£259701ON
(€ 3seyd) 666605701ON

(28e3s) @| sjew3 [earurd

uoisny
sueiquiaw Suppojq
‘uoijoelsjul uRjosd

S/Z3DV Jo uoni

ZSSUdINL 40
uomIgIyul JolqIyul Z3DV

¢SSddINL 40
uolssasdxa jJuapuadap

-uaBoupue ay3 Suniqiyu|

103iqIyutl ¢SSadiNL

103iqIyul gSSadiNL

TSSUdL 8upppolg

6T-AINOD-1ue
J10j wsjueydaw 3|qissod

ezuanju|

uolsuapadAy 21|031sAs
Z 93e3s uoIsusadAH

Ayyjeay ‘elwadA[3odAH

‘SI}1IY1E0)SO

‘wsljoyod|e dljoyodje

‘AyredoAwoipied
‘ain|iey JesH

61

-AIAOD uoped|dwod

Je|nNdSeAoIpJed
Ayjedojn3eod

‘61-AINOD
‘UOI323)Ul SNJIA BUOIOD)

1n0 y3nod 03 Asea

j0u W33lyd Jo sasned

J2Y10 pue ewyise
‘sI}ydU0.qg d1uoIYD

‘a3e3soud ‘swisejdoau
‘192Ued 9183S01d
(s)uonesipui
panoudde-yq4

juade |edIAuUY

1siuo3ejue Jojdadal || 1V

1sluoSejue ¥y

‘J0}qIyul 3seajo.d suLIas

juepixoljue
‘)oes3 Alojedidsau
wouj snonw Supes|d

1siuo3ejue
dV [EPI0JS}S-UON

wslueydsw [euiSliO

(1nouajiwn) [opiqay

X7 o

Iogyz\f\/\

auojoejouosids

Q
B G
el
THN (o}
ol

jeISoWeD)

auixaywiolg

Ul

apiweinjedig

21n32n43s pue sweu 3niq

(penupuod) T 3714VL



HU eT AL

*_| WILE Y- |y

(0Z0T ‘¥ellid 9 YauIN
‘0Z0T “|e 39 3jweq)

(020T “Ie 33 Q122BN)

(-120Z ‘2210
%9 S110))

(TZ0z “Ie 32 AoDIN)

S9JUR.9J9Yy

120¢ ‘g Aleniga4-0z0c
J9QUWISAON /pa319|dwiod

/T9¥TZ90LON/¥ 3seyd

1202 ‘0z dunr
-020¢ ‘9 |Udy/3uiinioal
/TOTSEEYOLIN/T 9seyd

1202 ‘1€ N8Ny
-120¢ ‘c dunf/3upnidal
/TT0CT670LDN/Y 3seud

1202 ‘ST 4dy-T20C
‘gz Adenuer/pajajdwod

/2088ZL701IN/€ dseyd
sajep pua(pajewilss)
-Mejs/snjeys/ql/aseyd
6T-AINOD-1ue 3s3ysiy ay |

(€ ®seyd) T6¥TL8E0LON
(7 3seud) T9¥TZ9¥0LON
(€ 3seud) L0TZEEYOLON
(€ ®seyd) 9186€EY0LON
(7 ®seud) 9T€6SEYOLON
(€ 3seyd) 90 TLEYOLON
A

€ 9seyd) Z8ErEEY0LON
:aJe so|dwexs

9U3 JO SWos ‘sjely
|eaiuld g Ajpjewixoaddy

(¢ @seyd) £8€8¥EY01ON
(T @seyo) #¥090€570.LON
(¢ @seud) STTZS9701ON
(¢ @seud) T0ZSEEYOLON

(7 @seyd) TT0ZT6701ON
(¢ @seyd) 096£L6701ON

(a9eo1dde
ou) 6Z¥977701ON
(€ 32 d) 9090/8%01ON
(€ @seud) z€£600S01ON
(€ @seud) £Z6£58701ON
(€ @seud) z088Z/¥01ON
(€ @seyd) ¥€1€58701ON

(28e3s) @| sjew3 [earurd

uoissaldxs /41D

Supd0|q 40 uoresaul

LyTdD/uisiod

9X1ds YIm Joesajul eIA
uoIseAu! [edIA Suniqiyu|

'S9UI03AD
Alojewwepjuiosd
3Y3 Jo uondudsuely
33 sa1eAlde
‘uiny ul ‘pue |20
|el|aylopus Jo aoepns
33 uo sio03dadau
C¢3DV U0 ZAODSHVS
40 Sulpuiq a3 Jo 3nsal
e se paje|n3aidn st
Yaiym ‘Aemyed HdvIN
8€d ay3 Aq pajelpsin
uolde sjusdolpuenue
pue AjAoe
(2SS¥dINL) T aseaoud
2UlISS suelquiswsuel]
ul uonaNpal ‘uolssaldxs
Z3DV PUE (SYVY)
wa3sAs auouajsople
-uisuajoldue
—UujuaJ 3|qeIoAe.)
Yum s30a4s didonolsld

suagoipue
jue Aq paonpau

aJe s||92 JelpJed pue 3un|
ul S|PAd)

¢SSUdINL PUe 230V

6T-AINOD-1ue
J10j wsjueydaw 3|qissod

|e 39 ‘suonoajul

upjs pajedijdwodun

‘eluownaud

paJinboe-Ajunwwod
‘lelialoeq a3ndy

Ayjedojn8eo)

ejuownaud
6T-AINOD ‘sisoyud

‘slouop uegio peap-ulesg

Jaoued

91e3504d ‘6T-AINOD
(s)uonesipui
panoudde-yq4

swosoqu
[elI939E( 3Y3 JO HUNGNS
S0S Yum Bunesaqul
BIA UOHE|SUBL} HGIYU|

95easIp |92 3PPIS
9SeasIp esemey|
‘salyyedoi3ueo.oiw

Joquioay]

1siuoSejue (Jojdadal

auo.ajsop|e) Joydadal

P102I134020]EJUIW
aAnRdwo)

1siuo3ejue
(¥V) 101da234 ussoipuy

wslueydsw [euiSliO

Eu>EoEu_N<

Io/wx
0" o
\ OH
N
%z SN
J—NH
e
apnoiqyeq

[o]
MO
)

wnissejod ajeoualue)

N

s Z =
asaaaliin
LE o] VN\T

40
(8T60L9) apiweIniexoid

21n32n43s pue sweu 3niq

(penupuod) T 3714VL



e WiLEY-L 2

HU et AL

(Tzozg “le 3w
Apaysuelied)

(0zoz ‘ehine
‘020Z “[e 33 luduelS)

(020z ‘uoisod
3 J3SI9H

YPU LTE80EYOLON

:al ew3 [eauD)

S9JUR.9J9Yy

0¢0¢ 43qWIAON-020C
‘T 1990320/3ul3nJdas

/76,.£09701ON/¥ °seyd

0Z0T ‘0¢ Joquiaydag
-020¢ ‘8z/pa33|dwiod
/T8L0LEYOLIN/Y dseyd

12¢0¢

‘T Y2JelN-020T ‘G Y21eN

/uoneyAul Aq 3uljjodus
/£1€80EY0LON/Y 9seyd
so)ep pua(pajew}ss)
-He)s/sners/ql/aseyd

61-QINOD-HuE 353y81y 3y |

(¥ 9seud) +6/£09701ON
(¢ @seyd) 9ezvEYOLON
(€ @seyd) 989z/8¥01ON
(¢ @seud) §96T/E¥OLDN
(¢ @seyd) Zov0TSYOLON
(¢ @seyd) 9££64S¥01ON
(¢ @seyd) 6STOT#70LON

:aJe so|dwexa
93 JO BWos ‘s|eL
|1ea1ulPZ T Ajpjewixolddy

(€ @seud) £9S¥85701ON
(¢ @seud) §S/TSSYO1ON
(¢ @seud) 0ETL0¥701ON
(¥ seud) z8/0/E¥01ON
(€ @seyd) zG6TLEYOLON
(€ @seyd) 1€8€CS¥0OLON
A

T @seyd) 009T65701ON
:aJe so|dwexs

93 JO BWOS ‘s|el
|eawuip QT AlPjewixoiddy

(7 @seyd) L1€80E70LON
(28e3s) @| sjew3 [earurd

sisojdode |[92 Supnpul
‘spioe Aj3e} sueiquiaw
971|1qe3Sap ‘SISNIIA
padojaAus jo suiejoid
2oeLns ypm Surjoeiau|

AJ3Ud SNJIA Ul POAJOAUL

u19104d02dA|3 adojaaua
¢3 343 Jo uoniqiyul

‘Jua.UNd

| pajeAnde- D

pue (eD]) Jua.nd , ed
pajes-a8e3jon Suniqiyu|

6T-AINOD-1ue
J10j wsjueydaw 3|qissod

elwylAy.ie

‘s21493.ns |euiSeA

‘U01123S uealesad
{UOI3D3JuI-S3SN [euUlSIXT

sLeS|NA aude ‘sijisnuls

‘suoijdajul AIH ‘“4appelq

SAI}OBISAO ‘B30ES0
‘uol3oa4ul eIpAWE[YD [BUY

61-AINOD ‘6T0C
9SE3SIP SNJIA BUOIOD

(s)uonzedipul
panoudde-yq4

(surens

VSSIN PUB YSHIN)
juase [ela3OEqRUY

Jouqiyul (dININ)

aseulajoidojeraw
wnJjdads-peoug

Jouqiyut

Jua.INd | M pajeAlioe-

128D pue (eD]) 3ua.Lind
428D pa1e3-a3e)0A

wslueydsw [euiSliO

L:0L=x:u
4 X

0

3UIpOI-aUopIAOd

auupuens |

21n32n43s pue sweu 3niq

(panunuo))

T 37avl



HU eT AL

*_| WILE Y- [y

(0Z0z “Ie 32 uippn)

(TT0Z "l 3
3uer :500¢ ‘Ne1 3 INH)

(810Z “Ie 32 8uo] "X)

(Teoz JL1ms
Q Ja3uigey| pu
‘BUPIP3IAl J0 Aleiqi
[euonieN ‘waydqnd
‘020T “Ie 1@

‘Noyz ‘swis ‘ueyeays)

(ozoz “1e 3@
moQ ‘0z0c “Ie 1
‘Buep ‘usy))

(eo0z “le 32
8ueM ‘0Z0T “le 32 eN)

(0Z0T “[e 39 e
{020 “[e 3 eyeH)

(020z “le 32 3yonoy
BA[IS 020T ‘A7)

LERITEYETEN

120
‘0g Adenuer-0zoz
‘GT |udy/3uiinisal

/ST6L¥EV0LION/C dseyd

0c0oc

‘T J9quia233-0202

‘9T aunr/(auiodpus

Atewnd 39sw

0} ain|ie4) pajeuluiay
/¥SE€0T¥0LON/C dseyd

120C ‘0T 3sn3ny

-020¢ ‘S 42903120

/8ui3inJda1 Jou ‘DA
/¥8S5SLSt0LDN/€ 3seud

120T ‘8 duUnr-1z0C
‘6T Adeniga4/8uninioal

/L¥E€EESYOLION/C 9seyd

120C

‘0z AInf- 020Z ‘02

JOCQUISAON /3uInJdal
/€¥€Y6570LDN/T 3seud

220z 2unr-120T AeiN
/8uninioal 394 Jou

/S20¥8¥7170LON/T 3seyd

120C ‘T€ ABIN-0Z0C
‘6 [udy/3un3inioad

/0Z¥T68E0LON/T 3seyd
sajep pua
(pajewnysa)-yaels/snyeis
/ai/3seyd 6T-AINOD
-jue 3saysiy ay L

(¢ @seyd) ST6/¥EV01ON
(¢ @seyd) Z0ET68701ON

(¢ @seyd) ¥S€0TH01ON

(¢ @seyd) 0£5S0¥701DN

(€ aseyd) +855/S701ON

(T aseyd) 612Z6E01IN
(¢ @seyd) 6££5001ON

(¢ ®seyd) LEEESVOLON

(¢ ®seyd) ever6SYOLON
(C @seyd) 0ETS8YYOLON

(¢ 9seyd) €£6€87701ON
(¢ @seud) 5z0ov8Y01ON

(T @seyd) 0Z¥T68E0LON
(28ess) @l sfer [ea1ul|d

SISOYJUAS
VNY [BJIA JO UoRIqIuU|

uojjeoydau
VNY [eJIA BY1Z Suniqiyu]

(dypy)

asesswAjod YNy

Juspuadap-yNY [edIA

a3 Aq sisauadeinw
VNY pasnpuj

Ajinioe , gIN
Suzein8as umop eia
uondajul snIIA Suliqiyul
swosewweyul 4y N

pue g3-4N Aq paonpul

956334 dUI{03Ad

3uquyui ‘eseajoud
oidIN 343 BuppO|g

aply|nsous[as

3ujwioj wouy

oAl 03 Buipulq ein
aseajoud ujew Suniqiyu|

asesswAjod

VNY Juapuadap
VNY Suniqiyu)

61-AINOD-ue
10} wisiueyd3W |qIssod

ewopAwW a|dini

g siizeday oluoiyd

paoudde 39A J0N

panoidde
19A J0U ‘SnuIAUY

panoudde 194 J0N

wsljoyod|e d1uoIyd
‘DAIPIPPE BUIE20D)

panoudde 394 J0N

panoudde 39A J0N

(s)uoneaipui
panoidde-yq4

‘asesawAjod
3y} 03 spuiq
Jayzes Ing vNQ [edin
ayj ojul pajesodiodul
jou siieyy
Joyiqiyur aAladwod
-uou ‘uonjesnsiyuod
-7 |eanjeuun

ay3 Jo Sojeue apISO3INN

Joyiquyut (Hadni)

aseuasoipAysp

9)eydsoydouow
uisoul aAIH3dWOodUON

uoReINU YNY SMUIA

‘Juase
o130ejAydoud |euejew-puy

Joyquyut (THA1V)
aseuasoipAysp-apAysp|y

19X20|q
(D0an) jpuueyd
wnja[ed Juapuadap
-98e3|0A Jua30d

Joyqyul (dypy)
asesawAjod YNy

Juspuadap-yNy [edIA

wisiueydsw jeuiSlQ

uolzeal|dau snuiA Suiqiyuy

Joxaul|es

MJ\O

0__N__NH
b

o)

/
T

(NVINS-T) dUIpnAg|D

(£6%-XA ‘QdWIN)IpPodaWILIBIN

0

WO
= OH
otay
HO  HN 0 0.
0

(¢8-I
“Uinesidnuoln) T08Z-aald

suinbousye]

S [

B\zg/m\wwﬂz<
(@131 ‘spyinsip

weinyyAyieea)) weaynsiq

o0

(‘T916€-92D
‘G00T-IdS ‘TG-Zd) Us[3sq3

HO, oM

ﬂ\z, A OH
N AN u
H

HN

JINsaplfeD

8nug

¢3lavli



e WiLEY-L

HU et AL

(sanunuo))

¢coe

AeN-0Z0C 429010

/3uninidal 394 Jou
/LTYT6EYOLION/E 3seyd

(020z “le 32 Ij1jeyy
‘020C “|e 392 8uo] S)

1202 ‘G AMenuer-ozoe
‘g aunf/paja|dwod

(0Zoz “le 32 eanwiy)  /TT/LLEYOLON/E 3seud

(0zoz “le
‘oe) ‘Suep 0202 ‘6 IMdy-0z02
‘020z ‘ueAeqysen ‘9 Yolen/page|duiod
' SOWO00D)  /668T6CFOLIN/E3sEUd
0Z0Z ‘ST

J9quIsAON-0Z0C ‘TE
Anr/3uiinidal 394 Jou

(0coz “le3@ uenA)  /1/ZSOPYOLION/E 3seyd

1202 ‘T Idvy-0Z02
1€ AInf/8uiinioau

(0z0zZ “le 39 Ips2AY)  /T/ZSOVYOLIN/E dseyd

0202 ‘S 42903120-020¢
‘LT |dy/pa3ajdwod
/8606¥E€701IN/C 9seyd

sajep pua
(pa3ewyss)-yiels/snyeys
/ai/3seyd 6T-AINOD
-jue 3says1y ay |

LERITEIETEN]

(€ @seud) £Z¥C6E01ON
(T aseyd) £/99S€¥01ON
(€ aseyd) ev09101ON
(¢ @seyd) 66€v6101ON
(¢ @seud) 80Z€9S¥0LON

(€ @seyd)¥9582870LON
:a.e so|dwexa

9y JO SWos ‘sjel}
|eaiul]d g Ajejewixoiddy

(€ @seud) S695€701ON
(¢ @seud) #9€18€01ON
ﬁmomm;n_:ﬁkmvobz
n
n

€ 9seyd) S6/SE7¥0LON
C 9seyd) 9850£E€¥0LON
(T @seud) £€€08¥70LON
(€ @seyd) ¥952/9¥01ON
(T @seyd) T€209S¥0LON
(€ @seyd) 0€£26Z#01ON
(€ @seyd) ZG6TOSYOLON
(€ @seyd) T¥SOT9Y0LON
(¢ @seyd) 29Z6E£S¥01ON

:a.e s dwexa
33 JO BWOS ‘s|el] [edluld
¢ AjPjewrxosddy

(€ @seyd) T£2S001ON
(€ @seud) 8Z6€€¥0LON
aseyd) GZT6TSYOLON

d)

d)

)

(€ @seyd) 1£250701ON

(€ @seyd) 826EEV0LON

(¢ ®seyd) SZT6TSVOLON
(a1geo1dde

jou) £GE€CTLY01DON

(2 @seUd)9£95SEV0LON
(¢ 95eyd)8606+E¥0LON

(93e3s) @l sfews a1l

1031q1yul asesswAjod
VNY Juspuadap-yNy

D shijeday

GTdSN 9seappnuopua
|edin Sunasiey
BIA YNY dlwousd
C-N\OD-SyVS Jo
uoned||das ay3 3uqiyul

|eluuaiad
‘SpIuIyy 218I9|IY
‘elwyIsy ‘saseasip

uopedidinw

|ed1A Supnpau

“JoNqIyul (dypy)

asesswAjod YNy
Juspuadap-yNY [BJIA

Joyquyul q
wmmwn__._nvmcmb 9SI9AY

4 sineday ‘Ayyjesy
Jolqiyul ‘3uli0jlUOW ddUdIBYpE

asejdiosuel) 9SI9AdY

s9ssa20.4d

Alquiasse |eaiA 93e)s

-93€| 3UpOIq ‘TOdX

Aq pajeipaw syNyw

|BJIA ‘SANYA JO Jodxd
Jes[anu aoua4aIalu|

6T-AINOD-hue
410} wisiueyd3w |qissod

‘SUORIRUI AIH

Aemuie aAIdNISqO

panoudde 194 J0N

sneday ‘suoRdUl AIH

d34d ‘uoda4ul AIH

(s)uoneaipui
panoidde-yq4

103qIyuI 9PISO3PNN

Joyqiyul
103d3231 P1031310203N|9

AAIROE
|edIAIJUE DAI}DDJ)D
y}m 3ojeue spisospnN

J03Iq1yu; asejdiosuely
3519A31 3p1303PNU T-AlH

(ILAN)
JoMqIyui asejduosuely
95J9A31 3PISO3INN|

Joyqiyut
(3NIS) Hodsueny
JB3|2NU SAIII|3S

wsiueydsw [euiSLO

o Mo on
N,

Nxzvﬁﬂ\ ,z\mlo:V/\ox
N=/

uLIAEqIY

apIuosapPID

Splweudjele JIA0JouS |

HO™™. Q § /INZ ’
Y

auIqedLIWT

f)\..iAL KQS

8nq

(penunuod)  z 3714VL



HU eT AL

®_| WILE Y- [y

(0zoz “le3e ‘un
‘Bueyz ‘0zoz “le 1@

45197 ‘swig ‘ueyeays

‘120C “Ie18

BIN ‘020C ‘D231

2a = 11 ¥00¢ “Ie 13
nyd ‘0z0z “Ie 38 oeD)

(T2og ‘ues
-uelpnowiyeln|
% 1ualnoiog-1pases)

(0zoz “|e 32 Sedted)

(0Z0Z “[e 39 unJeys
‘0202 ‘148eqaleyn
9 Atepia)

(Tzoz ‘Buep 3
BN ‘020C ‘BuenH
‘ueys ‘Sueny ‘Susayz
‘NI ‘020z ‘on

3 ‘UayD ‘NI ‘1 ‘i)

LERITEIETEN]

0coc
‘6T UIelN-020T ‘LT
Aseniga4/paja|dwod

/62LT6C0LON/Y 3seyd

120Z dunr-0zoz ‘01
J3QWSAON]/3UIHNID3.

/998CC91701ON/C 2seyd

120 ‘T 3sn3ny

-020¢ ‘T 3sn3ny

/3u13nJd24 394 jJ0uU
/LETTIEYOLON/E seyd

0202 ‘22 ¥sn3ny-0202
‘T aun(/pajs|dwod

/TE€8ECS0LON/E 9seyd

1202 ‘ST Y24eN-020T

‘T2 1940320/8uiHnJdas
/8¢E€0T¥0LON/€ 3seud
sajep pua
(pa1eWI}Sa)-1Ie)S/sSnjels
/ai/3seyd 61-AINOD
-Rue 3saysiy sy

(¢ 9seyd) T¥¢99¥701ON
(T @seyd) 9/898€+01ON
(€ @seyd) 0£2T9Z¥01ON
(¥ 9seyd) 9£ZS¥EF01ON
(¥7 9seyd) 62/T62701ON
(€ @seyd) ¥£TTZEYOLON

(€ @seyd) 00TE0YYOLION
:9.e so|dwexa

33 JO SWoOs ‘s|eLy
[eaut)d ¢ Ajejewixoiddy

(¢ @seud) §982C9701ON
(¢ @seud) 169€€/7#01ON
(¢ @seyd) 0609€501ON

(€ @seud) T192/¥701ON
(€ @seud) ¥/0€S¥01ON
(€ @seyd) 1952Zy701ON
(¢ @seud) £0SZ09701ON
(€ @seud) £ZZTT6EY0LON
(€ @seyd) T€8€TSFOLON
(¢ @seud) #8818€¥01ON
(€ aseyd) §Z562S¥01ON

:a.e so|dwexa
33 JO SWoOSs ‘s|eLy
[ea1utd 96 Ajewixosddy

(€ aseyd) 8Z€0TH0LON
(¢ @seud) T06¢701ON
(¢ @seud) 6£T1T6E701ON

(93e3s) @l sfews a1l

aseajoud 4 1DE
[BJIABUOIOD 3Y3} HqIyu|

Jo1qIyut 5, 4lN

o\_Q—Z wj‘__>
6T-AINOD 3unadie]

Joduwii Jespnu
pajelpaw-Tg/0 Suppolg

uoljeoydau
6T-N\ODH 38uissaiddng

6T-AINOD-hue
410} wisiueyd3w |qissod

uoRdR4UI AIH

61PIN0D

‘aseas|p Aaupiyj Jluoayd

‘9seas|p JejnaseAolpJed

elwa|ola)sajoydiadAy
‘uoljd.ejul |elpaedoAw
‘9seasIp JejndseAolpied
‘SOWOIPUAS AJeuolod
3]1Nde UoleAs|d
-1S-uou ‘selwapidiisAg

siselo|
‘siselie|ly d13eydwA|
‘eadesol ‘AyyjesH

‘SISOI9|2s01IaIE Yoene
21WSYIS| JuUIISue.)
‘elusyds| uleiq
‘SISOQUIO.IY] SNOUSA
‘Awo3daua|ds isniyejs
‘uoisuapiadAy ‘sisoyad)

(s)uoneaipui
panoidde-yq4

Joyqiyui aseajoud
o1epiedset adA} AIH

Ww3)sAs uonen3dad
uonduosuesy (g3-4N)
g3-10108) Jes|dnu ay)

3unejnpow eiA (ZON) ¢
9SBYIUAS 3pIXO LU JO
uolssaldxa a3 sa1en3oy

JuaLNd HYJY
>20|q “103iqIyul [9A3)
|o43159]0Y> ‘4oNqIyul

SWAZzUS asejdnpal
VOD-ONH

Joyqiyut

Modwi Jeapnu

pajelpaw-tg/odwi
‘quase ajisesed-1juy

Joyqiyul
asesaysalpoydsoyd

wsiueydsw [euiSLO

(NV0S6-20I ‘9p1soan|3-¢
ui3@243nY) uled1anbos|

ui3eISseAnsoy

UIJOSWLIDA|

Qﬂ
LM,
UG

ajowepuAdiq
8nq

(penunuod)  z 3714VL



e WiLEY-L 2

HU et AL

“P'U‘LT0SSCYOLON

(ssnunuo))

(£00T “ASUm

0z0¢ ‘T 2unr-0z0c
‘T Adenuga4/3uiinidal
/LT0SSCYOLON/¥ @seyd

:al ew (e
‘020Z “[e 19 Webjy)

(0z0z “le3a ‘un
‘8ueyz :0z0c e 39

‘4s197 ‘swig ‘Ueyeays

HRAAN R

e ‘020z ba31D

2@ 9 11 ¥00T “le 31®
nyd ‘0Z0z “[e 30 0eD)

020z ‘T ?unr-0z0c
‘T Adenuga4/3uninidal

/L10S85¢701LDN/¥ °seyd

0coz ‘LT
Jaquie9Q-020T ‘€T
JaqUISAON/pa3a|dwiod

/2ESLTI0LON/T 9seyd

(TZ0T ‘[eASa 3
sPApUBA ‘TZ0Z ‘selog)

1¢0C
‘9T 4990120-120¢

(T2oz ‘lers@ ‘€T AInr/8uninioai
3 ApUeA)  /20209670LDN/E dseud

120T 4oqwiadaq

-020¢ ‘¢ |udy

/3U13NJI234 J0U ‘DAY
(cc0T “le1@ plysey)  /0699SE¥0LON/T dseyd
EERIEIETEN | sajep pua

(pa1EWIIS3)-14EYS /SNYEYS
/di/aseyd 6T-AINOD
-Rue 3saysiy sy

(€ aseyd) 8698€€701DN
(¥7 9seyd) £0£5€/201DN
(¥ @seud) £T0SSZ¥01DN
(€ @seyd) ST69TS701ON
(€ aseyd) £9¥85S5701DN
(€ @seyd) 66Z€0€¥01ON

(T @seud) 9/898€701ON
(¢ @seud) 0690€€701ON
(¥ @seud) £1055C701ON
(¢ @seyd) 8G65S701ON
(€ @seud) ¥£T1TZEY0LON
(¢ @seud) £69/0€701ON

)

(€ seyd) 00TE0V70LON
:a.e so|dwexa

33 JO BWOS ‘s|el] [ealuld
81 AjPjewixouddy

(T @seyd) ¢eSLZ9¥0LON
(T @seyd) L9TSESYOLON

(€ @seud) ETSTTOSOLON
(T @seud) T€59S/¥01ON
(T seyd) 0562€0SOLON
(T @seud) zz0z96701ON
(T @seud) £58606701ON
(T @seyd) ZTES00SOLON
(T @seyd) 0€2296701ON
(€ aseyd) z02096+01ON

(T seyd) 06995E70LON
(93e3s) @l sfews a1l

S19520|q 9sea|2J-SNUIA

Jineuido)

UM pauiquiod usym

0G17d SWO4Y203AD

suniquyui ein

/T3 8uisealnul ‘g 4ld

10 ,,41D€ :saseajoud
[BJIA 343 1qIyu]

Joyqiyurssesroud 4 10€

Joqiyut ,410€

Joyqiyur
aseajold 1DE-SYVS

6T-AINOD-hue
410} wisiueyd3w |qissod

S3SNUIA g pue \y ezuanjju|

uondBLUI AIH

aseasip [edIA

61-AINOD

J9oued 3un|

1192 |jews ‘ewoydwA|

|192 9j3uew ‘ewoydwA|

[®D L + XN ‘Blwing|
J13A00ydwA| a1nde 3 npy
(s)uoneaipui
panoidde-yq4

Jojqiyul swAzua
asepluiwelnau sniiA

Joyqiyul aseajoud
9jeedse T adA} AIH

Joyiquyut (oud)
aseajoud oudDE Jualod

Joyqiyut
(O¥d10€) asesjoud
AYI|-DE AOD-SUVS

Joyqiyul
|| 9sesawosiodo|

wsiueydsw [euiSLO

NIz
;\@\ I

JIAIWEY3SO

Jineuidon

o L/ o
HO oo H
HO_,.0. N N
~d N
Mw\ ?fﬁﬁ
o o
HNNg NG

¥18¥0€.0-4d

H

H

i
O™ \H
z\\\f
- -
D

¢E€1¢EL0-4d

(€T2-9T-dA ‘9T-dA) 3pisodol3
8nug

(penunuod)  z 3714VL



HU eT AL

®_ | WILE Y- [

120T ‘€ Isn3ny-120¢
/T Ae\/3uninioau

(TZ0T “Ie 32 Po0D)  /0¥068870LON/E 3seyd

1202 ‘T AeN-T20T
‘9z |udy/paje|dwiod

(0T0T “4aIINN 3 UBA)  /¥HZ6S870LDN/T 3Seyd

0coc

(0zoz “le 1@ 0€ 19q03°0-020¢

peAes ‘0z0z ‘A3 ‘GT AInf/pa19|dwiod
‘0C0C “Ie@ Nf)  /9£686¥70LON/¥ 3Seyd

61-AINOD

O Juswieal}

J04 apluEX0ZEe} U
pue Jiasedipa|/JIANGS040S
/9E686770LON/¥ 95eyd

(0z0z “Ie 19 pedes
‘020T “[e 12 epeAS|N)

(0coz “1e 3R
‘oeD ‘uep 0202 ‘¢ AelN-020T ‘02
‘020z ‘ueAequ3eH Judy/3uiinioad 394 jou
3 S9W00D)  /ST96SEYOLIN/Y 35eyd
CERIEIETEN| sajep pua

(pa1EWIIS3)-14EYS /SNYEYS
/di/aseyd 6T-AINOD
-Rue 3saysiy sy

(T @seud) 69///8701ON
(¢ @seud) 90T96€701ON
(¢ @seyd) S€860/01ON
(€ @seud) 0068870.LON

(T ®seyd) ¥2658701ON

(€ @seyd) ev0970LON
(¢ 9seyd) €90T9S701ON
(€ 9seyd) 698S€S01ON
(¢ 9seyd) 1€62€SYOLON
(€ @seyd) 6t9L6t701ON
(7 3seyd) 9€6861701ON
(€ @seyd) zzt0€SY0LON
:9.e s|dwexa
3y3 JO SWOS ‘S|el}
|eautd g Ajejewnxoiddy

(€ ®seyd) ¢z0eSPOLON
(¥ ®seyd) 9€686¥¥0LON

(€ @seyd) 1£2€T9701ON
(€ aseyd) 666009701ON
(€ 9seyd) T¥¢6¥E€701ON
(€ 9seyd) 66¥62¢S701ON
(€ 9seyd) 662€0EY0LON
(¥ 9seyd) ST96SEY0LIN
(€ aseyd) 80¥¥97701ON

(€ ®seyd) £02Z0Or70LON
:9.e so|dwexa

9y} JO SWos ‘sjeL)
|ea1utd g¢ Ajewnxosddy

(93e3s) @l sfews a1l

SISOYJUAS
VNY 404 dypy ay1 qiyu)

(dypy) asesswAjod
VNY

Juspuadap-yNy Z-A0D

-SHVS BU3} Yim Sa194193u|

10)qIyul dypy

J03qiyul dypPY

uonjediidau

SNJIA Sudnpal

‘10}1qIyul asesswAjod
VNY Juspuadap YNy

6T-AINOD-hue
410} wisiueyd3w |qissod

uonaul ADH

61-AINOD

SISOUIID JOA| D siizedaH

ewouled
Je|njj@oojeday
‘D siireday

ezuanju|

(s)uoneaipui
panoidde-yq4

Joyquyul
uonedy|dal jesiA ADH

JINISOpWIAL
Jo apisoadnu juased

‘(AdI4) SndIA sijiuojuad

SNORI34UI BUIRY SHAIYY|

Joyquyul
uonedl|dal YNY ADH

ay3 o Jonqyu|

Jouqiyut
asesswAjod YNY [eJIA

wsiueydsw [euiSLO

Ix_gzﬂb/oxhﬂmf o

"OS?H G0

2|

M 2o @)
=N o

o

(8669617L0Y) LTG-1V

°HN
¥ZS1vy-SO

Izk NUJ

4%;

0

JIANGS0J0S

Jinsedipa]

H
0N
CHN /E/

N
0

Jinesidineq

8nq

(penunuod)  z 3714VL



EEmmEE Wiyl

HU et AL
.
=
c
<
-
w
o
<
oo
=
o
<
|_
=
9]
=]
c
£
c
o
9
~
w
-
[+4]
<
=

COVID-19 phase/ID/

status/start-(estimated)

end dates

Possible mechanism for

anti-COVID-19

FDA-approved
indication(s)

References

Clinical trials ID (stage)

Original mechanism

Drug

(Kutlu & Metin, 2020;

Phase 4/NCT04435587/

NCT04252274 (Phase 3)

Protease inhibitor

HIV infections, healthy

HIV protease inhibitor

Darunavir

recruiting/July 13, Papic et al., 2020)

2020-June 2021

NCT04435587 (Phase 4)

NCT04303299 (Phase 3)

interleukins, tumor necrosis factors (TNF), chemokines, and several
other mediators), resulting in a clinical presentation of unremitting
high fever, hyperferritinemia, hepatosplenomegaly, cytopaenia,
lymphadenopathy and central nervous system abnormalities, and, if
untreated, could lead to the organ failure and even the death
(Fajgenbaum & June, 2020; Gao et al., 2021). Abundant studies have
revealed that majority of COVID-19 patients are often have higher
levels of inflammatory mediators in blood. Those inflammatory media-
tors include cytokines and chemokines such as interleukin (IL)-1 IL-6,
IL-7, IL-10, IL-21, TNF, and monocyte chemoattractant protein-1
(MCP1, also known as CCL2) etc. (Chen, W, et al., 2020; Gorbalenya
et al, 2020; Hojyo et al., 2020; Tay et al, 2020). Therefore,
COVID-19 could be featured as a cytokine release syndrome (CRS)
and the fatality could be caused by the high mortality cytokine storm.
In fact, the approach on addressing the CSS for the potential treat-
ment of COVID-19 is currently investigated in clinics. For example,
physicians apply medicines such as corticosteroids (prednisone, meth-
ylprednisolone, and hydrocortisone), interleukin inhibitors (anakinra,
levamisole, and colchicine), and JAK-STAT inhibitors (ruxolitinib and
baricitinib) to patients to see whether these medicines could alleviate
the symptoms of COVID-19. Studies suggest that suppressing the
release of cytokine could probably improve the clinical outcomes
(L. Lu et al., 2020). However, the adverse consequences were also
observed in patients when corticosteroid therapy was applied during
COVID-19 infection. Thereby, it is important to strictly control the
time and dosage of glucocorticoids administration in the disease prog-
nosis (Sanders et al., 2020). Glucocorticoids are mainly used in severe
patients with CSS (Ye et al., 2020). The WHO currently does not rec-
ommend the routine use of corticosteroids in COVID-19 patients, due
to the potential delay in viral clearance. Hence, corticosteroids should
be given to patient with certain symptoms such as severe acute respi-
ratory distress syndrome or refractory septic shock (Mehta, Mazer-
Amirshahi, et al., 2020). Agents in clinical trials for potential inhibiting

cytokine storm in COVID-19 are summarized in Table 3.

24 | Modulating immune system

Special cells (such as white blood cells B- and T-lymphocytes), organs
(such as bone marrow, spleen, and thymus), and chemicals (antibodies)
mainly compose the immune system (Sompayrac, 2019). The well-
working immune system produces antibodies to kill pathogens and
protects the body against viruses and diseases. The immune system in
human body plays a fundamental role in maintaining health
(Chowdhury et al., 2020). After invasion into the human body, SARS-
CoV-2 will encounters a robust innate immune response when it
moves to the respiratory tract (Rokni et al., 2020; Tang et al., 2005).
The immune system plays a critical role in the body's defenses against
SARS-CoV-2 infection. Immune system modulation prevents tissue
damage resulting from an excessive response. Under some circum-
stances, drugs modulating immune system could be an efficient strat-
egy for fighting against COVID-19. Agents such as cyclosporine A,

isoprinosine, all-trans retinoic acid are in clinical trials aiming to
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suppress the virus infection through modulation of the immune sys-
tem (Table 4).

2.5 | Anticoagulant therapy

SARS-CoV-2 can invade cells lining blood vessels and cause a series
of consequences related to cardiovascular diseases and thrombosis.
More specifically, the virus invasion could induce endothelial dysfunc-
tion which further leads to pulmonary thrombi (Carfora et al., 2021;
Poissy et al, 2020). Applying anticoagulant therapy in COVID
19 patients has scientific support and is in line with the COVID-19
global pandemic emergency. Agents such as rivaroxaban and apixaban
are in ongoing clinical trials to combat COVID-19 associated hyp-
ercoagulation (Figure 2 and Table 5). The efficacy and effectiveness of

using anticoagulant therapy for COVID-19 await clinical data.

2.6 | Antioxidant supplement

Antioxidant agents help prevent free radicals or reactive oxygen spe-
cies (ROS) from harming healthy cells in human body. The effects of
antioxidants on heart disease, cancer, and arthritis have been widely
studied. As a powerful antioxidant, vitamin-C might protect the
human body against SARS-CoV-2 infection through its important role
in enhancing human body immunity (Carr & Maggini, 2017). A high-
dose vitamin C in coping with the oxidative stress in COVID-19
patients is currently being studied (Colunga Biancatelli et al., 2020;
Hunt et al., 1994). In addition, vitamin D supplementation might lower
the odds of developing respiratory infections according to the data
from observational studies (Table 6) (Martineau et al, 2017;
McCartney & Byrne, 2020)

3 | AGENTSINTHE DRUG DEVELOPMENT PHASES
OF THE PIPELINE

Approved drugs or clinical candidates in COVID-19 clinical trials are
arranged and analyzed based on their highest stage of clinical trial. A
summary of the drug name, structure, class, original mechanism,
FDA-approved indication(s), possible mechanism for COVID-19 treat-
ment, the highest anti-COVID-19 phase (clinical trial ID) etc. are pres-
ented in this section (Figure 4 and Tables 1-6).

3.1 | Phase I/ll clinical candidates

The primary goal of Phase | study is to assess the safety, the tolerabil-
ity, the pharmacokinetic parameters, and the pharmacodynamics
effects of a drug candidate in healthy volunteers. At the end of this
phase, the optimum dose and formulation will be determined. The
information obtained could be used for subsequent phases. There are
four agents in Phase | clinical trials (Figure 4). PF-07304814 is an

inhibitor of 3CLP™ currently in several clinical stages including Phase
I. Galidesivir and GS-441524, RdRP inhibitors, are being tested in
Phase | for potential blocking viral replication. Progesterone, a steroid
hormone, aims to address the CSS. No small molecule in other catego-
ries is currently in phase | trials. It takes a long time to develop a new
drug from scratch, so researchers focus their main efforts on drug
repurposing.

A phase |l trial is designed to obtain the therapeutic effects and
side effects of the drug candidate in patients with the disease. In con-
trast to only two trials in phase |, there are significantly more trials in
phase Il. The drugs for phase Il trials are all FDA-approved drugs for
indications other than COVID-19. In fact, there are 42 agents in
approximately 85 phase Il trials (Figure 4).

There are 5 small molecules in phase Il trials aiming to block
virus-cell membrane fusion and entry, 8 small molecules inhibiting the
viral replication, 23 small molecules addressing cytokine storm, 5 small
molecules modulating the immune system, and 1 small molecule used
as anticoagulant therapy. There is no small molecule phase Il trial
using antioxidant supplement.

Of the drugs blocking virus-cell membrane fusion and entry, there
are three agents (ramipril and atovaquone and defibrotide) targeting
ACE, one agent (enzalutamide) acting as androgen receptor
(AR) antagonist aiming to block TMPRSS2, the other agent (maraviroc)
acting as CCR5 antagonist inhibiting cell fusion. Of the drugs targeting
viral replication, there were four MP™ protease inhibitors (ebselen,
disulfiram, tafenoquine and isoquercetin. Ebselen and disulfiram are
nonspecific promiscuous SARS-CoV-2 main protease inhibitors), one
3CLP™ inhibitor (etoposide), two agents (, merimepodib and clevudine)
targeting RNA, one agent (selinexor) inhibiting virus assembly pro-
cesses. Of the drugs addressing CSS, there were three Bruton's tyro-
sine kinase (BTK) inhibitors (zanubrutinib, acalabrutinib, and ibrutinib),
(PI3K) inhibitor (duvelisib),
one mTOR inhibitor (sirolimus), one agent (enpatoran) blocking
the activation of Toll-like receptor 7 (TLR7) and TLR8, 8 agents
(artemiC, abivertinib, estradiol, pentoxifylline, aprepitant, prazosin,

one phosphatidylinositol 3-kinase

PF-06650833 and ampion) mediating the release of inflammatory
cytokines, 9 agents (ibudilast, LAU-7b, naltrexone, piclidenoson,
clarithromycin, thalidomide, EC-18, APX-115 and cenicriviroc) are
anti-inflammatory drugs. Of the drugs modulating the innate immune
system, there are four agents: methotrexate, leflunomide, fingolimod,
and tamoxifen. There is only one agent (ketamine) used for symptom-
atic control.

3.2 | Phase lll clinical candidates

Phase Il clinical trials are the studies in the efficacy confirmatory
stage. Its goal is to further verify the therapeutic effectiveness and
the safety of a drug candidate on patients with specific indications,
and to assess the overall risk-benefit relationships. The results from this
stage trial will ultimately provide substantial ground for the new drug reg-
istration applications. In this stage of the trial, a larger array of trials and

more patients will be required and assessed than those tirals in phase Il
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or phase |. There are 46 agents in approximately 294 trials in total
(Figure 4). Among them, 10 agents aim at blocking virus-cell membrane
fusion and entry, 11 small molecules inhibit viral replication, 16 small mol-
ecules address CSS, four small molecules modulate the innate immune
system, four small molecules are used as anticoagulant therapy, and one
small molecule is from the category of antioxidant supplement.

Of the drugs blocking virus-cell membrane fusion and entry, there
are four agents (losartan, isotretinoin, lactoferrin, and propranolol)
interacting with ACE2, one agent (linagliptin) inhibiting DPP4, two
compounds (verapamil, chlorpromazine) targeting on ion channel, one
agent (dapaglifiozin) reducing the viral load, and two agents
(nafamostat and bicalutamide) blocking TMPRSS2. Of the drugs
targeting virus replication, there are two reverse transcriptase inhibi-
tors (emtricitabine and tenofovir alafenamide), five RNA-targeting
agents (remdesivir, ciclesonide, EIDD-2801, AT-527 and ribavirin), one
phosphodiesterase inhibitor (dipyridamole), one Impa/p1-mediated
nuclear import inhibitor (ivermectin), one MP™ inhibitor (rosuvastatin)
and one 3CLP™ inhibitor (PF-07321332). In the category of the drugs
addressing CSS, there are three JAK inhibitors (ruxolitinib, baricitinib,
and niclosamide), five interleukin modulators (levamisole, opaganib,
anakinra, atorvastatin, and PTC299), two modulators targeting inflam-
matory cytokines release (amiodarone, and VERU-111), one inflamma-
tory inhibitor (escin), one tyrosine kinase inhibitor (imatinib), one
cysteinyl leukotriene (cysLT) receptor antagonist (montelukast), one
p38 MAPK pathway inhibitors (losmapimod), one neurokinin-1 (NK-1)
antagonist (tradipitant), and one N-methyl-d-aspartate (NMDA) recep-
tor antagonist (ifenprodil). There are four agents (isoprinosine, IMU-
838, all-trans retinoic acid, and melatonin) modulating the innate
immune system and four agents (aspirin, enoxaparin, tranexamic acid,
and edoxaban) used as anticoagulant therapy. There is only one agent
(N-acetylcysteine) belonging to antioxidant supplement sub-class.
Dipyridamole does not inhibit the SARS-CoV-2 main protease. Its ant-

iviral activity might involve other mechanisms (Ma & Wang, 2021).

Phase IV clinical candidates

Phase IV clinical trial is conducted by the applicant after the new drug
has already been approved by FDA. The main objective in this phase
is to assess the long-term benefits and risks of using the drug in gen-
eral population groups or in special population groups. In category,
there are 34 agents in approximately 386 trials (Figure 4). Among
them, 10 agents aim at blocking virus-cell membrane fusion and entry,
7 small molecules inhibit viral replication, 11 small molecules address
CSS, 1 small molecule modulates immune system. In addition, there
are currently 2 agents used as anticoagulant therapy and 3 agents
identified as antioxidant supplements.

Of those drugs blocking virus-cell membrane fusion and entry,
three agents are TMPRSS2 inhibitors (bromhexine, camostat, and spi-
ronolactone), three agents (valsartan, arbidol and canrenoate potas-
sium) interact with ACE2, one agent (azithromycin) interfers with S
protein/CD147 interaction, one agent (tetrandrine) inhibits voltage-

gated Ca®" current (ICa) and Ca®*-activated K* current, one agent
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(doxycycline) inhibits the E2 envelope glycoprotein involved in virus
entry, and one binder of surface proteins of enveloped viruses
(povidone-iodine). Of those drugs targeting virus replication, two
agents (ritonavir and lopinavir) inhibit the coronaviral 3CLP™ protease,
one compound (oseltamivir) blocks virus-release, three agents
(favipiravir, ledipasvir, and sofosbuvir) target RdRp, and 1 agent
(darunavir) inhibits HIV protease. Of those drugs addressing CSS,
there are four glucocorticosteroid agonists (prednisone, hydrocorti-
sone, dexamethasone, and budesonide), one competitive histamine
(famotidine), 1

(nitazoxanide), four interleukin modulators (colchicine, methylprednis-

H2-receptor antagonist antiprotozoal agent
olone, deferoxamine and cefditoren), one mTOR inhibitor (sirolimus),
and one p38 MAPK pathway inhibitor (silymarin). In addition, there is
1 immunosuppressive drug (cyclosporine A) which could modulate the
immune system. Apixaban and rivaroxaban belong to anticoagulant
therapy. vitamin C, vitamin D3, and quercetin are used as antioxidant

supplements.

4 | CONCLUSIONS AND OUTLOOK

At present, several COVID-19 vaccines have been approved for clini-
cal use in many countries worldwide. The vaccine approach aims at
the preventive management, which will increase antibody level against
the virus and reduce the probability for viral infection in a certain
extend. However, the vaccine approach is not suitable for those peo-
ple already infected with the virus. As SARS-CoV-2 continues to
worsen global health conditions and economic situations, the number
of people infected with this virus continues climbing. Therefore, seek-
ing effective medicines to treat COVID-19 is urgently needed. This
review gathers all small molecules currently in active clinical trials, cat-
egorizes them into six sub-classes, and analyzes possible therapeutical
treatments and their underlying mechanisms against COVID-19.
Among all of the clinical trials, the antioxidant supplement sub-class
accounts for the smallest percentile, while addressing CSS sub-class
accounts for the largest percentile. Blocking virus-cell membrane
fusion/entry and inhibiting virus replication are two sub-classes next
to addressing CSS sub-class, and together these two sub-classes
account for 42% of all clinical agents. The agents from the above two
sub-classes are all belonged to repurposing drugs. Some preliminary
results from the studies using repurposing antiviral drugs in clinic have
demonstrated the efficacy in blocking virus-cell membrane fusion and
entry or inhibiting virus replication. In addition, given the hyper-
inflammatory response mediated by addressing CSS agents or modu-
lating immune system agents are expected to work in preventing
body deterioration. Finally, Anticoagulant therapy and antioxidant
supplement are also playing important roles in combating COVID-19.
However, their effectiveness, safety/side-effects remain to be
watched. In summary, repurposing antiviral and anticancer drugs for
treatment of COVID-19 show promising. The races of small molecules
for the treatment of COVID-19 are intense, and is likely to show some

promise in the future.
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