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Indole – a promising pharmacophore in recent
antiviral drug discovery

Atukuri Dorababu

The bicyclic molecule indole has been in the limelight because of its numerous pharmacological potencies.

It is used as an excellent scaffold in drug discovery of medicinal drugs such as antimicrobials, anticancer

agents, antihypertensives, anti-proliferative agents and anti-inflammatory agents. In spite of its diverse

therapeutic activity, it is used as a key pharmacophore in synthesizing the most potent biological agents.

Besides, viral infections are ubiquitous and their prevention and cure have become a great challenge. In this

regard, the design of indole-containing antiviral drugs is accomplished to combat viral infections. A lot of

research is being carried out towards antiviral drug discovery by many researchers round the clock. Herein,

the antiviral activity of recently discovered indole scaffolds is compiled and critically evaluated to give a

meaningful summary. In addition, the structure–activity relationship of remarkable antiviral agents is

discussed. Also, the structural motifs attributed to noteworthy antiviral properties are highlighted to guide

future antiviral research.

1.1 Introduction

Although a plethora of heterocyclic compounds is available
for the design of pharmaceutical drugs, indole finds itself in
an apt place in drug discovery. In the field of drug design of
antiviral agents, heterocyclic molecules such as
benzimidazoles,1,2 coumarins,3–5 carbazoles,6,7 oxadiazoles,8,9

thiazoles,10,11 etc. have been used to construct efficient drug

molecules. In particular, indole forms a group of attractive
pharmacological agents because of which researchers are
working determinedly to improve the antiviral potencies of
novel indole derivatives. Indole scaffolds have been reported
to possess antibacterial activity,12 α-amylase and monooxime
inhibitory activity,13 antimalarial properties14 and anti-tumor
activity.15 Structurally, indole is a bicyclic molecule wherein
pyrrole is fused to benzene at the 2,3-positions (1, Fig. 1).

Indole may be substituted with a wide range of
substituents at the N-1, C-2 to C-6, or C-7 positions to avail of
diverse indole scaffolds. This fact is utilized in obtaining
versatile indole derivatives. In this review, recent antiviral
research results are critically assimilated to obtain an idea of
the current progress of the discovery of antivirals since the
viruses are a bit difficult to understand. Further, antiviral
drugs inhibit virulence by retarding virus-cell proliferation,
while another class of drugs, viricides, deactivate or destroy
the virus. Having considered only antiviral drugs because of
their harmlessness to the host, these are extensively
investigated. Parallelly, vaccine discovery is in progress,
however despite the success of these vaccines, their use is
limited because of allergic reactions, inadvertent attacks on a
host, high cost, herd immunity, etc. Therefore, the design of
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Fig. 1 Illustration of the structure of indole.
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antiviral drugs is given higher priority. Antiviral drugs may be
designed to function by various mechanisms, such as (i)
entry inhibition, (ii) uncoating inhibition, (iii) viral synthesis
inhibition and (iv) viral enzyme inhibition.

Antiviral drug design and discovery has become a great
challenge because of acquired antiviral resistance and this
issue has posed a major obstacle to antiviral therapy. Hence,
antiviral drug discovery is a continuous process wherein old
drugs become obsolete and new drugs must replace them.

1.1.1 Hepatitis C virus and its inhibitors

Hepatitis C virus (HCV) poses a major health threat and is
associated with a high risk of liver diseases. HCV is a single-
stranded RNA virus that causes chronic inflammatory liver
diseases including liver cirrhosis and hepatocellular
carcinoma. Approximately 350 000–500 000 individuals die
due to HCV-related liver infection, as reported by the WHO.
HCV infection is responsible for approximately 40–45% of all
liver transplantations performed. There are many HCV
genotypes; amongst those, eleven HCV genotypes have been
identified.16 Amongst the HCV gt 1–6 genotypes, HCV gt 1
and HCV gt 4 are hard to treat as they result in an aggressive
form of the disease. After revealing the HCV life cycle, efforts
were made to discover anti-HCV drugs targeting HCV
proteins. Further, NS3 protease, NS5B polymerase, and NS5A
proteins are also targeted.17 In addition, the main drawback
of recently approved drugs is high cost. Also, the high
mutation rate of HCV and the rapid emergence of drug
resistance have presented major obstacles to anti-HCV drug
discovery.18,19 The unavailability of an efficient vaccine for
HCV is also a major problem.20,21 Further, the current
standard therapy involving a combination of pegylated
interferon-α and ribavirin22 is unaffordable because of the
high price tags and such treatment is also associated with

undesirable side effects23,24 such as flu-like symptoms,
anemia, and depression in patients.

An urgent need for efficient antiviral drugs towards HCV
with the least side effects and low cost has arisen. In view of
this, I. A. Andreev et al. have synthesized 2-phenyl-4,5,6,7-
tetrahydro-1H-indole derivatives targeting HCV.25 In total, 44
derivatives have been prepared and investigated for HCV gt 1b
and gt 2a genotypes. A few indole derivatives showed a decent
anti-HCV profile wherein tetrahydroindole involving benzene
amine and benzyl moieties at the 1,2-positions, respectively (2,
Fig. 2), has good antiviral properties towards gt 1b and gt 2a
with EC50 values of 12.4 μM and 8.7 μM, respectively. With low
cytotoxicity (CC50 = 109.9 μM), compound 2 is found to be a hit
molecule. Further, phenyl- and benzyl-substituted
tetrahydroindole 3 has exhibited the most elegant anti-HCV
properties (gt 1b: EC50 = 7.9 μM, gt 2a: EC50 = 2.6 μM). Amongst
the synthesized tetrahydroindoles, N-benzyl-substituted
scaffolds have rendered higher anti-HCV properties.
Replacement of the N-benzyl moiety with non-aromatic groups
has led to deteriorated activity towards gt 1b. Concerning C-2
substitution in the N-benzyl derivatives, the presence of a
simple phenyl ring (compound 3) or 4-substituted phenyl rings
is responsible for the remarkable activity, inferring that the
simple ring is well tolerated. On the other hand, the presence of
meta-substitutions and ortho-OH substitutions has contributed
to increased cytotoxicity. Compound 3 was evaluated for enzyme
inhibitory properties and it was found to be inactive towards
NS5B and could not inhibit HCV NS3 to unwind DNA even at a
concentration as high as 500 μM. The results reveal that
compound 3 could not inhibit HCV by targeting the protein.
Overall, the benzyl tetrahydroindole derivatives might be
interesting scaffolds in designing good anti-HCV derivatives.

To identify the inhibitors of NS5A resistance-associated
polymorphisms, tetracyclic indole-based HCV NS5A
inhibitors are developed utilizing the HCV NS5A inhibitor,
MK-8742.26 Amongst the open-chain alkyl-substituted
derivatives, methyl-substituted tetracyclic indole 4 (Fig. 3) has
exhibited a potent anti-HCV profile, while poor activity is
observed towards genotypes 4a, 1a Y93H, and 1a L31V
(Table 1). Also, ethyl analog 5 is found to possess an almost
similar anti-HCV profile compared to compound 4. Further,
an increase in the alkyl chain length has resulted in
comparable results with that of compound 4. Although the
introduction of a fluoro atom has no improvement, however,
appending either a cyano or an ester group to the alkyl chain
diminished the potency. In addition, HCV inhibitory

Fig. 2 Depiction of N-benzylated tetrahydroindoles [reproduced from
ref. 25 with permission from Elsevier, copyright 2020].

Fig. 3 Structures of aminal analogs of MK-8742 [reproduced from ref. 26 with permission from Elsevier, copyright 2020].
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properties are investigated for the cycloalkane-substituted
tetracyclic indoles. The cyclopropyl analog 6 is depicted as an
efficient anti-HCV molecule. Reduced anti-HCV potencies are
noticed for most of the derivatives with increased ring sizes,
indicating the unfavorable effects of increased number of
methylene units in the case of cycloalkane ring-substituted
tetracyclic indoles. Apart from these, the isobutyl analog 7
has exhibited extraordinary anti-HCV activity towards some
genotypes. In addition, the cycloalkyl derivatives in the form
of spiro-scaffolds showed almost similar activity. Finally, the
introduction of polar functionalities such as acid, amide, CN,
etc. have yielded weak activity.

The research on the anti-HCV activity of MK-8742 is
continued wherein the tetracyclic indole core is modified in
addition to an aminal position.27 Initially, a series of derivatives
comprising fluoro/chloro groups on the tetracyclic indole core
is synthesized. Indole derivative 8 (Fig. 4) connected with the
fluoro group at the C-1 position is reported to render a potent
anti-HCV profile (Table 2) and derivatives with fluoro
substitutions at other positions have not yielded anti-HCV
activity up to the mark. Meanwhile, tetracyclic indole scaffold 9
with a 12-F group has emerged as a noteworthy inhibitor of all
the HCV genotypes. Having checked the necessity of the fluoro
group at the 1 and 12 positions, the effect of substitution of
alkyl moieties at the C-1 and C-12 positions is investigated. The
anti-HCV activity reveals the elite activity of indole-cyclopropyl
analog 10 (Fig. 4) towards all the genotypes. A cyclopropyl ring
at the C-1 position has failed to exhibit the finest activity. Also,

fluoroproline-containing KM-8742 derivatives have produced
worthy anti-HCV results to be mentioned. A combination of
fluoroproline with an alkoxy phenyl ring on the tetracyclic
indole moiety showed a synergistic effect towards the anti-HCV
activity. Furthermore, one more series of KM-8742 derivatives
comprising alkoxy phenyl motifs at the 6-position rendered
decent inhibitory activity wherein 3,5-dimethoxy phenyl analog
11 (Table 2) exhibited the most potent anti-HCV activity.

In the category of thumb site-I inhibitors, a new generation
HCV NS5B thumb site inhibitor 12 (Fig. 5) has been in clinical
trials with remarkable HCV inhibitory activity (gt 1a: EC50 =
0.043 μM, gt 1b: EC50 = 0.017 μM).28 Except for some mild
symptoms, good tolerability is observed in 41 out of 46
subjects. The non-zwitterionic indole derivative 13 is reported
as a nanomolar cellular inhibitor (EC50 = 77 nM) with low
cytotoxicity (CC50 > 20 μM)28 and further showed high affinity
and persistent binding to NS5B polymerase that favors in vivo
properties in preclinical species. With enhanced HCV NS3
protease inhibitory effects (gt 1a: EC50 = 0.003 μM, gt 1b: EC50 =
0.006 μM), an alkyl-bridged piperazine carboxamide analog 14
is reported as a noteworthy anti-HCV molecule.28

Using chemical genetics, three structurally different
groups of indole derivatives are synthesized and evaluated for
HCV inhibitory potency.29 In this study, firstly, unsubstituted
indole acryl amides attached to different amines are
evaluated for anti-HCV activity. t-Butylaniline-appended
acrylamide derivative 15 (Fig. 6) has exhibited the highest
ratio of cell viability (60.1%) to HCV replication (2.1%). The
corresponding EC50 value for compound 11 is reported to be
1.9 μM. Because of the potent anti-HCV activity of compound
15, further derivatization is considered wherein N-(4-t-
butylphenyl) amide and 2-methylacryl moieties are retained
while substituting the indole ring. Amongst the indole
2-methacrylate analogs designed, 4-t-butylaniline acrylamide
16 connected with a –CN group at the indole 5-position
exhibited the strongest anti-HCV activity (EC50 = 1.1 μM) in
addition to lower cytotoxicity (CC50 = 61.6 μM) and the
selectivity index is found to be 56.9. The observed activity is

Table 1 Anti-HCV properties of tetracyclic indole derivatives

Compd

Anti-HCV activity (EC50, nM)

Genotypes

1a 1b 2a 2b 3a 4a 1a Y93H 1a L31V

4 0.003 0.003 0.007 23 0.09 0.03 8 7
5 0.002 0.002 0.001 2 0.3 0.04 4 1
6 0.003 0.004 0.002 1 0.02 0.03 5 1
7 0.0008 0.0007 0.008 10 0.4 0.02 11 0.8

Fig. 4 Structures of halogenated MK-8742 derivatives [reproduced from ref. 27 with permission from Elsevier, copyright 2020].
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eightfold higher compared with that of clemizole. Further,
the electron-donating group-substituted derivatives have
yielded lower activity; interestingly, 6-isopropyl indole showed
a better activity profile (EC50 = 1.1 μM, CC50 = 24.8 μM),
suggesting that the lipophilic group is crucial for the anti-
HCV activity. However, the selectivity index is less than that of
compound 16. In addition, compound 16 is tested on the
reporter virus-free gt 2a infectious clone system using J6/JFH1
transfected Huh7.5 cells. The results indicate a similar EC50

value of 1.9 μM to that of the luciferase-linked reporter virus.
To check the cross-genotype anti-HCV activity, compound 16
is allowed to inhibit gt 2b wherein 3.2-fold greater potency
(EC50 = 0.6 μM) is observed compared to that of gt 2a;
however, compound 16 needed a 1.8-fold longer period to
reduce HCV RNA levels. Thereby, compound 16 is said to
possess cross-genotype potency towards both gt 1b and gt 2a.
The previously reported potent HCV active compound 16 has
been demonstrated to induce transcriptional activation of
several pro-inflammatory as well as antiviral cytokine genes
including CXCL-8, IL-α, TNF-α, IL-3, IRAK-1, DDX58, and
TLR-7.30 Also, compound 16 stimulated the secretion of
soluble factors that play a prominent role in the suppression
of HCV replication in HCV-positive neighboring cells. The
data suggests that compound 16 could inhibit HCV
replication through the induction of several pro-inflammatory
genes. Additionally, no additive or synergistic down-
regulation of HCV replication is noticed with the co-treatment
of compound 16 with ribavirin. Apart from these, treatment

of compound 16 (5 μM mL−1) increased the extracellular
concentration of CXCL-8 protein up to 25 ng ml−1, indicating
that CXCL-r protein alone may not be able to suppress the
HCV replication. Rather, it may need to work together with
pro-inflammatory cytokines such as IL-1α, TNF-α, IL-3, IRAK-
1, and DDX58 to accomplish complete suppression. Hence,
such an indole derivative may form potent anti-HCV
therapeutics with a novel mode of action.

With a view to develop improved HCV replication
inhibitory activity and enhanced water solubility, indole
acrylamide scaffolds with N-substitution are synthesized and
evaluated for anti-HCV activity.31 Herein, sulfonyl analog 17
(Fig. 7) with an unsubstituted indole ring rendered
noteworthy anti-HCV activity (EC50 = 1.56 μM) with lower
cytotoxicity of EC50 = 54.1 μM and corresponding selectivity
index of 34.7. The selectivity index (SI = 59.5) is enhanced for
the N-benzoyl analog 18 (EC50 = 1.16 μM, CC50 = 69.0 μM).
Although, higher anti-HCV activity (EC50 = 0.98 μM) is
observed for N-acetyl analog 19, its cytotoxicity is higher
(CC50 = 40.74 μM), inferring a lower selectivity index (41.6).
Further, the solubility of compounds 17–19 is evaluated and
compound 19 is reported to exhibit higher solubility at pH 2
and pH 7.4 with a solubility of 103.0 μM and 101.3 μM,
respectively. The low solubility of compound 18 might be due
to the benzene carbonyl group appended to the indole
N-atom. Hence, compound 19 is considered to be the most
potent anti-HCV molecule.

Based on the hit compounds, N-substituted indole
derivatives, indole N-substituted pyrazolone derivatives are

Table 2 Anti-HCV potency of MK-8742 derivatives towards various
genotypes

Compd

Anti-HCV activity (EC50, nM)

Genotypes

1a 1b 2a 2b 3a 4a 1a Y93H 1a L31V

8 0.005 0.003 0.15 18 0.4 0.04 34 0.4
9 0.007 0.007 0.004 15 0.3 0.06 25 0.7
10 0.03 0.004 0.0005 122 10 0.3 100 8
11 0.004 — 0.06 — 0.06 — 3 0.1

Fig. 5 Structures of noteworthy indole-containing HCV inhibitors [reproduced from ref. 28 with permission from Elsevier, copyright 2020].

Fig. 6 Structures of t-butylaniline acrylamide analogs of indole.30
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designed.32 One of the series involving N-methylene indole
pyrazolones failed to exhibit potent selectivity indices.
Although a few derivatives possessed good EC50 values, their
cytotoxic values are higher. The results indicate that the
glycidyl group may disfavor the anti-HCV activity due to its
high chemical reactivity to nucleophiles. Hence, oxirane ring-
opened derivatives are designed and evaluated for the
activity. Amongst the different secondary amines used to ring
open in addition to the phenyl ring on pyrazolone moiety,
the morpholine analog showed good activity. Therefore,
retaining the alkylmorpholine moiety, substituted phenyl
rings are attached to pyrazolone rings and the resulting
derivatives have shown interesting potencies. Accounting for
the cytotoxicity, most of the morpholine analogs are not
efficient anti-HCV molecules. However, 4-fluorophenyl ring-
appended indole derivative 20 (Fig. 8) is found to be a decent
anti-HCV drug (EC50 = 1.02 μM, CC50 = 46.47 μM and SI =
45.56). Despite the strongest anti-HCV activity (EC50 = 0.92
μM) of 3-fluorophenyl analog 21, its higher cytotoxicity (CC50

= 21.46 μM) led to a lower selectivity index (23.33). Since the
chiral compounds 20 and 21 exist as R- and S-isomers, the
isomers are individually investigated for their antiviral
potency. The R-isomers have exhibited exclusively stronger
anti-HCV activity compared to S-isomers (Table 3).

A set of sugar-modified nucleosides derived from
4-substituted 6-chloropyrimido [4,5-b]indole ribonucleosides is
synthesized to explore their anti-HCV activity.33 Moderate to
poor anti-HCV results towards genotype 1b are noted for the
designed derivatives comprising three series of pyrimidoindole
nucleosides. A comparable EC50 value is observed for the
4-thiomethylpyrimidoindole connected with fluoro nucleoside
22 (Fig. 9 and Table 4) with that of standard mericitabine.
However, it cannot be considered as a potent HCV 1b inhibitor

due to its higher cytotoxicity and lower selectivity index. In this
series, an almost similar activity profile has been exhibited by
the methoxy derivative 23. Further, the 2-thienyl analog 24 is
reported to have enhanced activity compared to compound 23.
Again, 2-furyl scaffold 25 is found to render decent anti-HCV
activity which is comparable with that of compound 23.

Meanwhile, the combination of 2-furyl and a fluorinated
sugar unit (compound 26) resulted in the strongest anti-HCV
gt activity. In the case of inhibitory activity towards HCV gt
2a, poor activity is observed compared to mericitabine (SI
>44.4) wherein the highest selectivity index of evaluated
molecules is >2.8, revealing that the pyrimidoindole-
ribonucleoside analogs are not tolerable to HCV gt 2a.

Tetracyclic indole derivatives (MK-8742) are once again
modified to discover efficient anti-HCV drugs.34 Broad
changes are brought about concerning amino acid end caps.
Initially, the amino acid side chain is substituted with alkyl/
cycloalkyl moieties. When these derivatives were evaluated
against HCV genotypes 1a, 2b, 1a Y93H, and 1a L31V, a
promising gt 1a inhibitory activity was observed (IC50 =
0.006–0.10 nM), while poor activity is exhibited by most of
the designed molecules against other genotypes. However,
introduction of a tetrahydropyran ring in compound 27
(Fig. 10) showed some significance (2b: EC50 = 1.2 μM, 1a
Y93H: EC50 = 23 μM, and 1a L31V: EC50 < 0.2 μM). Removal

Fig. 7 Illustration of structures of N-substituted acrylamide indole
derivatives [reproduced from ref. 31 with permission from Wiley,
copyright 2020].

Fig. 8 Chemical structures of indole-pyrazolone derivatives
[reproduced from ref. 32 with permission from Elsevier, copyright
2020].

Table 3 Anti-HCV properties of isomers of compound 20 and 21

Compd

Anti-HCV activity

CC50, μM SIEC50, μM

(R) 20 0.72 >50 >69.44
(S) 20 7.12 34.57 4.86
(R) 21 0.74 31.06 41.97
(S) 21 5.87 23.31 3.97

Fig. 9 Illustration of potent inhibitors of HCV 1b genotype.33

Table 4 Anti-HCV properties of pyrimidoindole-ribonucleoside
derivatives

Compd

Anti-HCV activity (gt 1b) Cytotoxicity

SIIC50, μM CC50, μM

22 1.6 22.9 14.3
23 3.1 >44.4 >14.3
24 2.5 >44.4 >17.8
25 3.0 >44.4 >14.8
26 2.3 >44.4 >19.3
Mericitabine 1.2 >44.4 >37

RSC Medicinal Chemistry Review



1340 | RSC Med. Chem., 2020, 11, 1335–1353 This journal is © The Royal Society of Chemistry 2020

of the amino acid side chain, while retaining pyrrolidine and
subsequently substituting at its N-position, led to a series of
tetracyclic indole derivatives with much-diminished activity.
However, mixed alkyl/cycloalkyl motifs substituted on the
carbamate chains improved inhibitory results across the
genotypes 2b, 1a Y93H, and 1a L31V compared to MK-8742.
In particular, the combination of tetrahydropyran and
isopropyl moieties (compounds 28 and 29, Fig. 10) has
elicited striking activity (Table 5). Conjugation of a methylene
unit to the tetrahydropyran in compound 30 reduced its
activity compared to compounds 28 and 29, while a lot of
enhancement of activity is observed against gt 1a.

Tricyclic indole carboxylic acid scaffolds are prepared to
anticipate greater anti-HCV activity.35 The C-7 fluoro analog 31
(Fig. 11) has demonstrated a decent activity (IC50 = 17 nM);
however, the cellular activity is found to be diminished.
Further, the C-6 fluoro derivative 32 showed improvement in
the activity (IC50 = 2 nM, EC50 = 90 nM). Despite the potent
activity of fluoro derivatives, compound 32 is developed further.
Since the introduction of 2-fluoro-5-carbamoyl benzyl at the
N-1 position has exhibited enhanced cellular activity, the
particular pharmacophore is incorporated in compound 32,
resulting in derivative 33 that rendered improved cellular
potency (IC50 = 4 nM, EC50 = 15 nM). Presuming that the
presence of primary amide is responsible for the reduced oral
absorption of compound 33, the carboxamide functionality is
replaced with bicyclic heterocyclic isosteres containing
hydrogen bond donors. In this process, most of the resulting
derivatives have shown decent inhibitory activity. Amongst the
various modifications, incorporation of the 3-amino-6-fluoro-

1H-indazolylmethyl group led to a remarkable derivative 34 (gt
1b: IC50 = 4 nM, EC50 = 3 nM) (Fig. 5). Also, similar anti-HCV
activity (gt 1b: IC50 = 3 nM, EC50 = 4 nM) is noted when the
6-fluoro-1H-indazole motif is incorporated (compound 35).
6-Methyl analog 36 has emerged as the strongest gt 1b
inhibitor (IC50 = 2 nM). These facts infer that the indazole
moiety has tolerated well against HCV activity.

1.1.2 HIV inhibitors

HIV belongs to a Lentivirus species, a subgroup of a retrovirus,
and results in acquired immune deficiency syndrome over time
in humans.36 This condition would further lead to progressive
failure of the immune system that allows life-threatening
opportunistic infections to thrive.37 HIV virions particularly
target vital cells in the immune system such as helper T cells
(specifically CD4+ T cells), macrophages, and dendritic cells.38

Thus, HIV infection results in low levels of CD4+ T cells through
various mechanisms. Regarding its genome, the single-stranded
RNA codes for nine genes that are enclosed in protein capsid
p24, and the single-stranded RNA is tightly bound to
nucleoplasmid proteins, p7, and enzymes required for the
development of the virion such as reverse transcriptase,
proteases, ribonuclease, and integrase. In addition, the
treatment of HIV/AIDS normally includes multiple antiretroviral
drugs. However, HIV latency and the consequent viral reservoir
in CD4+ T cells, dendritic cells, and macrophages have become a
major obstacle for HIV eradication.39 Antiretroviral therapy
comprising a combination of drugs of NNRTI, nucleoside
reverse transcriptase (NRTI), protease, and integrase inhibitor
classes has enhanced the quality of life of AIDS patients. Despite
antiretroviral therapy, the side effects and rapid emergence of
drug resistance40 are limitations that have hindered the
continuous development of new anti-HIV compounds. To
combat the drug-resistant HIV strains, antiviral agents that
function through innovative mechanisms are required. Amongst
the wide variety of heterocycles available for HIV drug discovery,
indole derivatives have attracted a great deal of attention.

As umifenovir analogs have been reported to possess a
broad-spectrum antiviral activity, the conformationally
restricted structural analogs of umifenovir are studied and
their anti-HIV activity is evaluated using umifenovir and
rac-MC-1501 as reference compounds.41 Cyclopropyl phenyl
analogs have demonstrated stronger anti-HIV activity
compared to umifenovir but the activity is inferior compared
to rac-MC-1501. The presence of the cyclopropyl phenyl motif
at the indole 2-position in compound 37 (Fig. 12) is

Fig. 10 Structures of MK-8742 derivatives with mixed caps
[reproduced from ref. 34 with permission from Elsevier,
copyright 2020].

Table 5 HCV inhibitory properties of mixed capped tetracyclic indole
derivatives

Compd

Anti-HCV activity (EC50, μM), genotype

1a 2b 1a Y93H 1a L31V

27 0.060 9 11 0.6
28 0.061 4 11 0.4
29 0.014 8.9 24 0.33
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responsible for the good anti-HIV-1 activity (EC50 = 3.58 μM).
The switching of methyl and cyclopropyl phenyl rings
between the N-1 and the C-2 positions of indole (compound
38) led to diminished potency (EC50 = 5.91 μM). In addition,
hydroxy and acetyl groups have further reduced the activity.
Compounds 37 and 38 have a higher cytotoxicity of >298 μM
and >250 μM, respectively, and the corresponding selectivity
indices are found to be >83.3 and >42.3, respectively. In the
case of HIV-2 activity, compared to both reference
compounds, compound 37 has rendered greater activity (EC50

= 5.4 μM); however, the HIV-2 activity is lost for compound
38, revealing the importance of the positions of methyl and
cyclopropyl phenyl moieties. Furthermore, appending
hydroxy and acetoxy groups (compound 39) has contributed
to considerable activity (EC50 = 11.091 μM) but with higher
cytotoxicity (CC50 = 50 μM). The selectivity index (>55.2) of
compound 39 is superior to that of rac-MC-1501 (>3.6). The
data indicates the importance of the position of substituents
methyl and cyclopropyl motifs on the indole bicycle.

Halogenated carbazole scaffolds composed of dimethyl
phenyl rings are prepared to investigate anti-HIV activity
towards NL4.3X4 and Bal R5 variants.42 Weak anti-HIV
properties have been rendered by 2,5-dimethylcarbazole
analogs connected with 7-chloro and 8-chloro groups, while
8-chlorocarbazole 40 (Fig. 13) without a –NO2/NH2 group
elicited moderate NL4.3X4 inhibitory activity (IC50 = 3.5 μM)
and stronger Bal R5 inhibitory potency (IC50 = 3.8 μM)
compared to maraviroc (IC50 = 4.2 μM). Further, the
introduction of the nitro group (compound 41) resulted in
the most potent activity (IC50 = 1.4 μM) towards the NL4.3X4
variant. In addition, it could also exhibit comparable Bal R5
activity (IC50 = 5.3 μM) to maraviroc (IC50 = 4.2 μM). With
cytotoxicity of 22.7 μM, compound 41 showed a good
selectivity index (16.4).

By incorporating a broad range of structural variants into
compound 42 (Fig. 14), a series of indole-based HIV-1
attachment inhibitors is prepared.43 The antiviral activity
reveals that indole-3yl analog 43 involving (R)-Me at the
piperazine 2-position is an elite inhibitor (EC50 = 4.0 nM)
with favorable cytotoxicity (CC50 = 200 μM). Removal of (R)-
Me has led to much-diminished activity. Comparatively
reduced antiviral activity is observed for indole-2-yl analogs.
Pyridine-fused indole derivative 44 has elicited promising
activity (EC50 = 17 nM) but with higher cytotoxicity (CC50 = 45
μM). In addition, glyoxamide derivatives with an indole
moiety connected at farther positions have resulted in lower
activity. Apart from these, the effect of the introduction of the
methoxy motif in various positions of indole is investigated
wherein the 6-methoxyindole analog expressed almost
comparable activity (EC50 = 4.8 nM) to compound 43, while
the 5-methoxy derivative and 4,6-dimethoxy analogs have
failed to render the expected results, inferring that 6-methoxy
indole has a more favorable HIV-1 inhibitory potency.

Some selected compounds from an in-house DHICA
library have been tested for the ability to inhibit HIV-1
integrase and RNase H activities.44 Poor activity is noted for
most of the derivatives. The simple molecule
5,6-dihydroxyindole-2-carboxylic acid showed significant anti-
HIV-1 activity (IC50 = 7.0 μM). Amongst the few potent
inhibitors, 5,6-dihydroxyindole carboxamide derivative 45

Fig. 11 Depiction of structures of tricyclic fluoroindole derivatives [reproduced from ref. 35 with permission from Elsevier, copyright 2020].

Fig. 12 Illustration of structural analogs of umifenovir [reproduced
from ref. 41 with permission from Elsevier, copyright 2020].

Fig. 13 Structures of remarkable NL4.3X4 and Bal R5 inhibitory agents.42

Fig. 14 Structure of the indole glyoxamide derivatives [reproduced
from ref. 43 with permission from Elsevier, copyright 2020].

RSC Medicinal Chemistry Review



1342 | RSC Med. Chem., 2020, 11, 1335–1353 This journal is © The Royal Society of Chemistry 2020

(Fig. 15) has exerted the strongest anti-HIV-1 integrase
LEDGF/p75-dependent activity (IC50 = 1.4 μM), while
bis(dihydroxyindole carboxamide) 46 has rendered a slightly
diminished activity compared to compound 45 (IC50 = 2.1
μM). The compound resulting from the introduction of an
ethylene unit into bis-indole derivative 46 has lost its activity.
However, the incorporation of a piperazine ring has resulted
in significant activity (IC50 = 7.0 μM). The potent derivatives
are utilized for further studies wherein dihydroxyindole-2-
carboxylic acid has demonstrated the strongest inhibition of
HIV-1 (strain IIIB) replication (EC50 = 12 μM) in MT-4 cells,
while compound 45 and 46 have exhibited diminished
activity. However, compound 45 is found to be an excellent
inhibitor of HIV-1 mutant integrases wt IN and A128T IN
with IC50 values of 1.4 μM and 2.8 μM, respectively. These
values are comparable with that of ALLINI-2. Further,
compound 45 exhibited decent HIV-1-associated RNase H
inhibitory activity (IC50 = 17 μM), and slightly abated activity
(IC50 = 24 μM) has been shown by the dimer 46. In the
inhibition of the RT-associated RNase H activity of mutated
HIV-1 RTs, surprisingly greater activities (wt RT: IC50 = 17.5
μM, L503F: IC50 = 65 μM) are evident for compound 45
compared to the standard RDS1759 (wt RT: IC50 = 24.1 μM,
L503F: IC50 > 100 μM). These results indicate that the
compound 45 is a potential anti-HIV drug candidate for
future development.

Considering that an electron acceptor group such as a
halogen in a strategic part of a molecule significantly increases
lipophilicity and in turn enhances biological activity,45,46 indole
derivatives incorporated with a 1,3-disubstituted thiourea moiety
are synthesized and evaluated for anti-HIV activity.47 Out of the
evaluated molecules, only 4-bromoaniline analog 47 (Fig. 16) is
demonstrated as a remarkable HIV-1 inhibitor (EC50 = 8.7 μM)
with moderate cytotoxicity (CC50 = 45 μM). However, the activity
is inferior compared to that of efavirenz (EC50 = 0.002 μM). The
other derivatives have turned out to be poor HIV-1 inhibitors.

N-substituted indoles with substitution on the 3-position
are designed to investigate HIV integrase inhibitory
properties.48 The HIV-1 integrase strand transfer activity
reveals that the derivatives with halogens at C-5 (Br, Cl)
possessed good inhibitory properties, suggesting that they
possessed apt conformation to fit into the enzyme pocket. In
particular, fluoro N-benzyl-substituted indole 48 (Fig. 17) is
reported as a noteworthy integrase inhibitor (IC50 = 0.2 μM)
towards the WT strain. In the case of mutant variants G140S
and Y143R, again compound 48 is an elite inhibitor with IC50

values of 0.2 μM and 0.37 μM, respectively. In addition, lower

cytotoxicity (CC50 >200 μM) has benefited the anti-integrase
activity, while the 2,4-difluorobenzyl analog has rendered
comparatively reduced activity; it might be due to the
absence of a H-bond with E-152 because of steric hindrance
which is not observed in the case of compound 48. Further,
despite the presence of the 2,4-difluorophenyl moiety,
5-fluoroindole scaffold 49 has exerted promising WT HIV
integrase inhibitory potency (IC50 = 0.5 μM). However, it
showed abated activity against mutant variants (G140S: IC50 =
3.4 μM, Y143R: IC50 = 5.7 μM). The dioxolan derivatives
expressed moderate to poor activity; however, N-tosyl-5-
bromoindole derivative 50 exhibited remarkable activity (WT:
IC50 = 5.7 μM, G140S: IC50 = 4.7 μM, and Y143R: IC50 = 5.0
μM). Furthermore, the potent antiviral agents 48 and 49 are
evaluated for activity against RAL resistant mutant protein. In
this activity, the compounds 48 and 49 showed excellent
inhibitory activity with EC50 values of 0.13 μM and 0.15 μM,
respectively. Overall, compound 48 comprising a Br atom at
C-5, β-hydroxy, and a δ-oxocarbonyl moiety has emerged as a
potent anti-HIV integrase inhibitor.

Indolylarylsulfones (IASs) are being developed to address
the drug-resistance issue. The 2-carboxamide moiety of IAS
analogs is modified, making use of a wide variety of
substituents which subsequently enhanced the HIV
inhibitory potency.49 Motivated by such decorated IAS
scaffolds, the focus is shifted towards the synthesis of indole
analogs with benzyl/phenylethyl linked carboxamide at the
indole 2-position.50 All the designed molecules exhibited
superior anti-HIV-1 NL4-3 inhibitory activity compared to
nevirapine. Among those, some compounds
(4-methoxyphenyl 51, 4-aminobenzyl 52, and isobutylphenyl
53 analogs) (Fig. 18) have rendered extraordinary activity
(EC50 = 0.21 nM) with 7.6-fold higher activity compared to
AZT (EC50 = 3.7 nM). All these derivatives have possessed
highly electron-donating groups. While the 3-fluorobenzyl 54
and 4-fluorobenzyl 55 analogs have exerted slightly lower
activity (EC50 = 0.68 nM), they exhibited a higher selectivity
index than that of compounds 51–53. In the case of HIV-1
IIIB strain, compounds 54 and 55 have been reported to be
the strongest inhibitors with EC50 values of 3.6 nM and 4.3

Fig. 15 Depiction of structures of dihydroxyindole carboxylic acid derivatives [reproduced from ref. 44 with permission from Elsevier, copyright
2020].

Fig. 16 Structure of a remarkable anti-HIV-1 inhibitor.47
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nM, respectively. A diminished HIV-2 inhibitory profile is
noted for the evaluated molecules. Furthermore, the anti-HIV
activity of the screened molecules revealed noteworthy
potencies towards mutant variants. In particular, compounds
52 (K103N: EC50 = 4.3 nM, Y181C: EC50 = 11 nM) and 54
(K103N: EC50 = 4.4 nM, Y181C: EC50 = 4.3 nM) have been
demonstrated as exclusive inhibitors of mutant variants
K103N and Y181C. Both the derivatives have superior activity
compared to AZT. Compound 54 is a decent inhibitor (EC50 =
5.0 nM) of variant L1001. Towards the mutant variant Y181C,
moderate inhibitory potencies are observed. Since isopropyl
phenyl analog 56 is in racemic form, it is separated into the
corresponding isomers (R and S forms) and evaluated
individually wherein the (R)-isomer has exhibited higher
activity against all the mutant variants, while the (S)-isomer
has rendered poor activity compared to the racemic mixture.

A series of novel IAS scaffolds with a heterocyclic tail is
designed and investigated for anti-HIV properties.51 An
excellent anti-HIV profile has been showcased by the screened
molecules. Amongst them, the derivatives 57–60 (Fig. 19) have
exhibited extraordinary activity (Table 6) against HIV-1 NL4-3
and HIV-1 IIIB strains. Presumably, nitrogen-containing
6-membered heterocycles have exhibited stronger activity.
Unfortunately, no single molecule could exhibit remarkable
anti-HIV-2 ROD activity. Towards mutant HIV-1 strains,
2-methyl aryl analog 63 (Fig. 7) is responsible for incredible
inhibitory properties (Table 7). In addition, 4-pyridyl (61) and
3-methylpyrimidyl (62) analogs are also reported to be mighty
anti-HIV inhibitors. 4-Ethylpyridyl- (EC50 = 4.7 nM) and
2-ethylthiophenyl-containing (EC50 = 5.4 nM) scaffolds have
emerged as promising inhibitors of HIV-1 L100I. Other
derivatives are reported to possess good to moderate potencies.

Furthermore, the anti-HIV-1 activity against WT RT and
mutant RTs affirms that compound 62 has the most potent
Y181I RT inhibitory activity (IC50 = 4.2 nM) with 40-fold higher

activity compared to ETV (IC50 = 164 nM) and moderately
active towards WT RT and K103N RT. Meanwhile, compound
63 has striking inhibitory properties against WT RT (IC50 = 3
nM) and K103N (IC50 = 9 nM) strains; the activities displayed
are threefold and twofold stronger respectively compared to
ETV. The anti-HIV-1 properties discussed so far suggest that
these molecules could be developed into potential anti-HIV
drug molecules.

The past research involving cyclopropyl-indole derivatives
as NNRTIs is further optimized against resistant strains of
the virus. The focus is emphasized on the ester functionality
located at the indole 2-position.52 The presence of the
carbethoxy group at the C-2 position and phenyl and hydroxy
moieties at the C-3 position has resulted in reduced HIV-1

Fig. 17 Structures of halo-indole derivatives with HIV integrase inhibitory activity [reproduced from ref. 48 with permission from Wiley, copyright 2020].

Fig. 18 Structures of the most potent anti-HIV agents [reproduced
from ref. 50 with permission from Elsevier, copyright 2020].

Fig. 19 Structures of indolylarylsulfones with an aromatic/
heterocyclic tail [reproduced from ref. 51 with permission from
American Chemical Society, copyright 2020].

Table 7 Inhibitory properties of mutant HIV-1 strains

Compd

EC50 (nM)

K103N Y181C Y188L

61 0.23 16 ns
62 0.22 2.20 50.6
63 0.2 0.8 45
AZT 16 6.0 33

ns – not significant.

Table 6 Anti-HIV-1 NL4-3 and anti-HIV-1 IIIB inhibitory properties of IASs

Compd

HIV-1 NL4-3 HIV-1 IIIB

CC50 (nM) EC50 (nM) SI EC50 (nM)

57 23 769 0.22 89 643 17
58 30 216 0.2 151 078 4.1
59 54 589 0.6 90 981 3.2
60 25 350 0.62 40 887 4.1
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activity (IC50 = 1.15 μM) compared to the parent compound.
Ethylation of the hydroxy group (compound 64) (Fig. 20) has
exhibited enhanced activity (IC50 = 0.03 μM). Further, the
trifluorosulfonyl analog showed diminished potency. In
addition, 3,5-dimethyl phenyl-containing indole 65 rendered
similar activity compared to compound 64; interestingly,
lower cytotoxicity is observed (CC50 = 36.3 μM), making
compound 65 a decent anti-HIV-1 agent. In addition, indole
derivatives unsubstituted at the C-2 position have reported
lower activity; however, 3,5-dimethoxy phenyl analog 66
rendered some significant potency (IC50 = 0.3 μM), revealing
the importance of the carbethoxy functionality.

1.1.3 Anti-dengue activity

Dengue is a mosquito-borne neglected tropical disease
spread by female mosquitos of Aedes type, principally A.
aegypti,53 and caused by the dengue virus. The symptoms
may include a high fever, headache, vomiting, muscle and
joint pain, and a characteristic skin rash. In addition, in
some cases, it develops into severe dengue. Dengue has
become a global threat since the Second World War. Dengue
virus is an RNA virus containing about 11 000 nucleotide
bases which code for the three different types of protein
molecules such as C, prM, and E that are responsible for the
formation of a virus particle. Additionally, seven other non-
structural protein molecules (NS1, NS2a, NS2b, NS3, NS4a,
NS4b, and NS5) are observed in infected host cells only which
are required for virus replication.54 Based on the
antigenicity,55 four serotypes of dengue viruses are reported,
namely DENV-1, DENV-2, DENV-3, and DENV-4.56,57 With
regard to inhibition of dengue, several plausible targets
include inhibition of viral RNA-dependent RNA polymerase
and inhibition of viral protease, entry inhibitors, etc. The use
of the first developed dengue vaccine CYD-TDV by Sanofi
Pasteur is limited due to low efficacy and safety issues.58,59

Hence, the design and discovery of efficient drugs for dengue
treatment is of prime concern.

Sugar-modified nucleoside derivatives which have exhibited
remarkable anti-HCV activity are also tested for dengue type 2
inhibitory activity.33 In this activity, only a few compounds have
rendered activity and other scaffolds are completely inactive.
Fluoronucleoside-appended amine-containing scaffold 67
(Fig. 21) has exhibited moderate activity (EC50 = 10.8 μM) and it
is the strongest compared to other potent molecules, while
almost similar activity (EC50 = 10.5 μM) but with lower

cytotoxicity (CC50 = 39.0 μM) is noted for compound 26. In
addition, two other series involving nucleoside analogs lacking
a fluorine atom and nucleoside derivatives with fluorine below
the plane have ended with poor activity.

Spiro-triazolopyrimidine-indolone derivatives are designed
and evaluated for inhibition of various dengue stereotypes
(DENV-1–DENV-4).60 Most of the derivatives have moderate
activity towards DENV-1 and DENV-4. No single derivative
has displayed the strongest inhibitory activity against all the
DENV stereotypes. However, to mention a single compound
with potential against all the four dengue virus types,
N-isopentylindolinone analog 68 (Fig. 22) is one, and its
inhibitory activity (IC50 values) against DENV-1, DENV-2,
DENV-3, and DENV-4 is found to be 0.78 μM, 0.16 μM, 0.035
μM, >5.0 μM, and >10 μM, respectively. In the case of
individual inhibitory properties, compound 68 is the
strongest inhibitor of DENV-1, whereas N-methyl
pyrrolidinone derivative 69 is most potent against DENV-2
(EC50 = 0.019 μM). Unfortunately, compound 69 is a weak
inhibitor of DENV-1 and DENV-4. Further, N-(N,N-
dimethylpropylamine)indolinone scaffold 70 and isopropyl
analog 71 have demonstrated the most potent DENV-3 (EC50

= 0.001 μM) and DENV-4 (EC50 = 0.78 μM) inhibitory
properties, respectively. Overall observation reveals that
indolone N-substitution is beneficial towards DENV-2 and
DENV-3 inhibitory activity. Also, the various functional
groups exhibited almost similar potencies. Alkyl groups of a
particular chain length are conducive to DENV-1 inhibitory
property, while DENV-4 inhibitory activity is benefitted by
long and bulky alkyl groups. In some derivatives, substitution
on the indolinone N-position or pyridinone N-position has
resulted in diminished DENV-2 and DENV-3 inhibitory
activity.

Considering the recently discovered anti-DENV hit
molecule, its structural analogs are designed to study the
structure–activity relationship in the case of DENV-2
activity.61 In the first series of aniline-modified derivatives,
3,5-dimethoxyaniline analog 72 (Fig. 23) has elicited tenfold
higher activity (EC50 = 0.007 μM) compared to the hit
molecule. Investigation of dimethoxyaniline derivatives
indicates that at least one methoxy group in the
meta-position of aniline is necessary for DENV-2 nanomolar
activity. The modification of the phenyl part led to interesting

Fig. 20 Depiction of structures of 5-fluoroindole derivatives as anti-
HIV agents [reproduced from ref. 52 with permission from Wiley,
copyright 2020].

Fig. 21 Structure of nucleoside analog with moderate anti-DENV
activity.33
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facts; in particular, 4-fluorophenyl derivative 73 elicited an
attractive DENV-2 property (EC50 = 0.004 μM), higher than
that of compound 72. The result infers that the 4-fluoro atom
has a greater impact on DENV-2 activity. Furthermore, the
indole core is decorated in combination with
3-methoxyaniline/3,5-dimethoxyaniline wherein fluoro and
chloroindole analogs have expressed decent activity. A
synergistic effect (EC50 = 0.007 μM) is observed for compound
74 comprising 3,5-dimethylaniline and 5-fluoroindole
pharmacophores. The individual isomers (72a and 72b) are
isolated from the racemic mixture 72 and subsequently
evaluated for DENV-2 inhibitory activity. Surprising results
are noticed wherein the (+)-enantiomer 72a has exhibited
extraordinary activity (EC50 = 0.001 μM), while inferior activity
has been noticed for the (−)-enantiomer 72b relative to 72a.

Apart from these, the remarkable inhibitors 72 and 74
are investigated for broad-spectrum DENV inhibitory
activities (Table 8); again, compound 72a is found to
possess a noteworthy anti-DENV profile. Additionally,
oxypropanol analog 75 [(+)-enantiomer] showed the finest
DENV-2 inhibitory activity.

The compounds 72 and 75 have demonstrated good
pharmacokinetic properties. Solubility (48 μM) and cytotoxicity
(CC50 = 105 μM) of compound 75 are good compared to
compound 73 (solubility = 9 μM, CC50 = 16 μM). These
potentials suggest that the structural features of compound 76
are most beneficial for efficient anti-dengue drug discovery.

Based on the enzyme activities of NS5 RdRp polymerase
and NS3 protease,62,63 potent DENV inhibitors are
identified.64 Amongst the prepared molecules, two indole
analogs have been investigated for enzyme inhibitory
activities. 4-Hydroxy-3,5-dimethyl-appended 5-chloroindole
analog 76 (Fig. 24) displayed the best enzyme inhibitory

activity (Table 9) and it is superior to compound 77 which is
structurally devoid of a 4-hydroxy group on the phenyl ring
and a carbonyl moiety flanking the indole and aryl rings. The
results in Table 9 reveal that the compounds 76 and 77
suppress DENV replication by directly inhibiting DENV
protease activity. With beneficial (low) cytotoxicity, compound
77 could be an efficient anti-DENV molecule.

The remarkable inhibitor 76 is evaluated for its ability to
inhibit DENV in a DENV-infected ICR sucking mouse model.
Treatment with compound 76 reduced DENV-induced
pathology, including ruffled fur, anorexia, severe paralysis, and
lethargy in DENV-infected mice within 4–6 days post-infection.
After exhibiting all these potencies, compound 76 could inhibit
DENV replication and represent prototypical DAA molecules.

Natural products from marine microorganisms have been
isolated and found to possess anti-DENV activity.65 In
particular, the isolates (scequinadoline 78, quinadoline A 79,
and quinadoline E 80, Fig. 25) from Dichotomomyces cejpii
F31-1 culture are explored for their ability to inhibit DENV-
2.66 In the initial cytotoxicity studies, no significant
cytotoxicity is observed in any of the isolates. Compounds 79
and 80 have not shown an effect on DENV virus production,
while treatment with compound 78 revealed a significant
reduction in virus output (approximately 40%). However,
compounds 78–80 have not resulted in the reduction of
infection level which is the same as the control.

Natural and synthetic β-carboline analogs are explored for
their anti-DENV properties.67 Most of the evaluated
molecules have expressed higher cytotoxicity and are
unfavorable. Despite these, harmol 81 (Fig. 26) and
9-methylharmine 82 have bestowed good anti-DENV-2 activity
(Table 10); particularly harmol 81 has demonstrated a greater
selectivity index. Good DENV-2 inhibitory properties of
compounds 81 and 82 inspired to check the ability to inhibit
other DENV serotypes wherein again compound 81 is found
to be a better anti-dengue molecule towards DENV-1 and
DENV-3 and moderate activity towards DENV-4.

Fig. 23 Illustration of structures of indoles connecting diaryl rings
[reproduced from ref. 61 with permission from the American Chemical
Society, copyright 2020].

Table 8 Broad-spectrum inhibitory properties of compounds 72a and 74

Compd

Anti-DENV activity (μM)

DENV-1 DENV-2 DENV-3 DENV-4

72a 0.047 0.001 0.092 1.9
74 0.247 0.007 0.680 4.8

Fig. 24 Structures of 5-chloroindole derivatives with decent anti-
DENV-2 activity.64

Fig. 22 Structures of spiro-indolinone scaffolds [reproduced from ref.
60 with permission from American Chemical Society, copyright 2020].
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Additionally, further research on the antiviral properties
of compound 82 indicates that it lacks a direct inactivating
effect on DENV-2 particles and no viricidal activity is
observed. Compound 82 has no significant effect on viral
RNA synthesis compared to the reference ribavirin. In
addition, 9N-methylharmine-treated cultures indicate that
the ratio between intracellular and extracellular viral
genomes is fourfold higher compared to control cells, while
the ratio between viral genomes and infectious viral particles
in the extracellular medium is 3.6-fold higher than that from
the control supernatants. The results infer that the treatment
with compound 82 does not affect macromolecular synthesis
but impairs the maturation and release of infectious virus
into the extracellular space.

1.1.4 Anti-HSV activity

HSV stands for herpes simplex virus comprising HSV-1 (human
alphaherpesvirus 1) and HSV-2 (human alphaherpesvirus 2)
members belonging to the human Herpesviridae family. They
are responsible for most of the cold sore (HSV-1) and genital
herpes (HSV-2)68,69 infections which are contagious. About 67%
of the world population under the age of fifty has been affected
by HSV-1. In general, HSV-2 is one of the most general sexually
transmitted infections.70 HSV-2 may also lead to a higher risk

of acquiring HIV.71 Since HSV-1 is reported to possess a
nervous system damaging ability, it may be linked to a greater
chance of developing Alzheimer's disease. HSV-1 and HSV-2
particles comprise at least 74 genes in their genomes72 which
encode for a variety of proteins involved in forming the capsid,
tegument, and envelope of the virus in addition to controlling
its replication and infectivity.

HSV causes lifelong infections as it cannot be eradicated
from the body. The treatment includes antiviral drugs that
interfere with viral replication. However, extensive use of
antiherpetic drugs would lead to the development of drug
resistance and hence new drugs have to be investigated.

Given the pharmacological importance of the medicinal
plant Peganum harmala, and a wide range of pharmacological
effects of alkaloids,73–75 the organic extracts of P. harmala are
evaluated for anti-HSV-2 activity.76 Methanol extracts
exhibited lower cytotoxicity, while 100% viral inhibition is
observed in the case of anti-HSV-2 activity. However, the
corresponding IC50 value is reported to be a weak activity (161
μg mL−1). The active molecule responsible for the potent
activity is identified as compound 83 (Fig. 27). Other extracts
are completely inactive, while results of the investigation of
the mode of action of methanol seed extract suggest that the
extract has inhibited virus replication completely by direct
contact (viricidal effect) and also during and after penetration.
In addition, the combined effect of compound 83 with the

Table 9 RNA and enzyme inhibitory activities of compounds 76 and 77

Compd

DENV-2 inhibitory activity

RNA NS3

CC50 (μM) EC50 (μM) SI Cell-based EC50 (μM) Enzyme based EC50 (μM)

76 181 4.6 39.3 6.7 4.7
77 >200 7.3 27.4 7.9 6.9

Fig. 25 Chemical structures of dihydroindole-containing natural products.66

Fig. 26 Depiction of structures of harmol and 9-methylharmine
[reproduced from ref. 67 with permission from Elsevier, copyright 2020].

Table 10 DENV-2 inhibitory properties of harmol and 9-methylharmine

Compd

DENV-2 inhibitory activity DENV-1 DENV-3 DENV-4

CC50 (μM) EC50 (μM) SI EC50 (μM)

81 203.3 3.3 61.3 10.1 7.7 21.1
82 178.6 3.2 56.2 49.5 33.7 16.3
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standard antiviral agent acyclovir is explored in HSV-2
replication. The result suggested a synergistic effect towards
the virus with a CI value of 0.5 and the effect is interesting as
the two compounds have two dissimilar modes of action. The
combined anti-HSV-2 activity is higher than that of acyclovir
alone.

Potent anti-HSV-2 alkaloid harmaline is extracted from O.
nicobarica and its anti-HSV properties are evaluated.76,77 The
isolated alkaloid harmaline 84 (Fig. 27) is tested on HSV-1
strains wherein potent anti-HSV activity (EC50 = 1.1 μM, CC50

= 30 μM) is rendered and the activity is comparatively better
than that of acyclovir (EC50 = 2.1 μM). The time-of-addition
and removal assay is performed to identify the possible stage
of inhibition of the viral life cycle and results suggest that
harmaline has exerted an inhibitory effect during 0–4 h post-
infection. The attachment and penetration assays indicate
that harmaline could not block the virus entry and it might
interfere with the viral early replication process. HCF1-
dependent recruitment of LSD1 plays a crucial role in the
commencement of HSV infection. Harmaline-treated cells
have demonstrated an appreciable reduction of the
association between HCF1 and LSD1, confirming its
interference with the recruitment of LSD1 by HCF1.

The anti-HSV-1 effects of arbidol 85 (Fig. 28), an indole-
based hydrophobic molecule, are investigated.78 In initial
cytotoxicity studies, arbidol showed a CC50 value of 30.09 μM.
The inhibitory activity of arbidol on HSV-1 replication is
reported to be remarkable (EC50 = 10.49 μM). Further, when
infected cells are allowed for arbidol treatment, the progeny
virus is reduced by 10 000-fold compared to the virus control
group with an EC50 value of 4.40 μM. Even at a low arbidol
concentration (0.625 μM), plaque numbers are reduced by
about 20%, while no reduction of progeny virus is observed,
indicating that arbidol at the low concentration could inhibit
the formation of virus plaques. The time-of-addition and
time-of-removal assays suggest the inhibitory effects when
arbidol is added before 12 h p.i, while inactivation assay,
attachment assay, and penetration assay infer that arbidol
failed to directly kill and inactivate HSV-1 and block HSV-1
entry into Hep-2 cells. In addition, tests performed to check
the inhibition of expression of HSV-1 immediate-early, early
and late genes reveal that arbidol could strongly affect the
expression of IE, E, and L genes during HSV-1 infection.
Evaluation of the anti-HSV-1 activity of arbidol in cutaneous
HSV-1 infected guinea pig models demonstrates its
effectiveness in reducing the severity and duration of lesions
in the guinea pig model. In this activity, the thickness of the

prickle layer of viral infected skin (130.1 μm) is reduced to
42.9 μm with high-dose arbidol treatment compared to that
of acyclovir treatment (31.6 μm).

Based on preliminary results of arbidol derivatives as
potent anti-HCV agents, the structural derivatives of arbidol
are evaluated for inhibition of HaCat cell growth at different
stages of HSV-1 replication.79 Cytotoxic analysis has not
revealed any toxic effects on the keratinocyte viability. Plaque
assays for arbidol show that arbidol inhibited HSV-1 with an
IC50 value of 12 μM when added during HSV-1 infection,
while dose-dependent inhibition is observed with an IC50

value of 3 μM when HaCat cells are pre-incubated with
arbidol. At a drug concentration of 3 μM, only compounds
86–89 (Fig. 29) could reduce the virus replication compared
to HSV-1-infected control. A significant reduction of plaque
numbers is observed in the presence of compounds 88 (35%)
and 89 (36%) after only 24 h of infection. However, arbidol
and compound 87 maintained the inhibitory effect up to 48
h. The significant improvement in the inhibitory activity of
compounds 87 and 89 is attributed to the pyrrolidinyl
substituent. Arbidol and its derivatives are tested for VP16
and 1CP27 viral proteins in cell lysates collected from HaCat
cells at 3 and 6 h post-infection wherein a significant
reduction in levels of VP16 protein is noticed after 3 h of
infection, while the reduction is more marked after 6 h of
treatment. Additionally, arbidol analogs have demonstrated a
more intense effect compared to arbidol alone. In the case of
cytokine expression inhibition effects, arbidol and its
derivatives strongly enhanced expression of the IL-6 gene
evaluated in HaCat cells 6 h post-infection. HaCat cells after
6 h of treatment with arbidol or its derivatives showed a
marked enhancement of TNF-α and TNF-β.

To study the HSV-2 inhibitory potency of arbidol in vitro and
in vivo, the HCE cell model is utilized.80 With an EC50 of 3.386
μM and SI of 9.92, arbidol is reported to be a suitable antiviral
agent. The virus yield reduction assay indicates a significant

Fig. 27 Illustration of the active molecule of Peganum harmala 83 and
dihydropyridoindole derivative (harmaline) 84 [reproduced from ref. 76
and 77 with permission from Elsevier, copyright 2020].

Fig. 28 Chemical structure of arbidol [reproduced from ref. 78 with
permission from Elsevier, copyright 2020].

Fig. 29 Depiction of structures of arbidol derivatives [reproduced
from ref. 79 with permission from Microbial Society, copyright 2020].
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reduction of the progeny virus yield. Also, IFA and western
blotting tests demonstrate dramatically lowered HSV-2 gD
content in arbidol-treated cells which suggests down-regulation
of HSV-2 RNA level and protein, while the binding assay infers
that arbidol blocks the entry of the virus but has no effect on
virus binding. The results of the activity assay performed to
identify the inhibition of phases in the HSV-2 life cycle show
that arbidol has remarkable effects in the earlier time of the
HSV-2 cycle in viral DNA synthesis; however, it failed to kill the
virus directly. Further, the influence of drugs in the viral
replication cycle is explored wherein a significant reduction of
ICP8 in arbidol-treated cells is observed and the production of
E genes of HSV-2 is inhibited. The performance of arbidol in
blocking the TLR/NF-kB pathways during the infection
demonstrates the down-regulation of TLRs. Additionally, the
protein level of NF-kB is alleviated, revealing that arbidol
inhibited HSV-2-induced NF-kB activation. Further, significant
down-regulation of TNF-α and IL-6 has been exhibited by
arbidol treatment compared to control.

Derivatives of fused pyridoindole appended with
thiazolones are designed to investigate the anti-HSV-1
inhibitory activity.81 In this activity, thiazolone-tethered
fused-pyridoindoles excelled. In particular, 4-N-dimethyl
phenyl analog 91 (Fig. 30) elicited excellent activity (EC50 =
0.80 μM). With lower cytotoxicity of 467 μM and SI of 592.5,
compound 91 is a promising anti-HSV-1 agent. Slightly
diminished inhibitory potencies have been noticed for the
phenyl and 3-nitrophenyl scaffolds 90 (EC50 = 2.15 μM) and
92 (EC50 = 2.02 μM), respectively. An almost similar selectivity
index is exhibited by compound 92, while the SI of
compound 90 is reduced and its antiviral activity is also low.
Compounds 91 and 92, possessing good selectivity indices,
could be developed into potential anti-HSV-1 molecules.

Pyridoindole scaffolds have again come in the limelight
upon exhibiting decent anti-HSV-1 inhibitory properties.82

Out of the 21 derivatives prepared, 11 molecules have
rendered good antiviral activity. Because of higher
cytotoxicity, most of the derivatives have not emerged as the
finest anti-HSV agents. Nonetheless, compounds 93–95
(Fig. 31) expressed striking anti-HSV-1 activity avoiding
cytopathic effects (Table 11). The N-methyl analog 93
exhibited the strongest anti-HSV activity with favorable
cytotoxic effect and in turn good selectivity index. The activity

is consistent with percentage inhibition. Methylation of
fused-pyridine rings resulted in higher cytotoxicity, although
the EC50 value is almost similar, suggesting lower antiviral
potency. Also, in the case of compound 95 with a 6-methoxy
moiety, the EC50 value is not in agreement with percentage
inhibition. The test performed to investigate the mode of
action indicates that the selected compounds are not viricidal
and could not interfere with attachment or penetration of
HSV-1. Western blot studies reveal that early and late protein
expression is markedly suppressed. Additionally, compounds
93–95 restricted HSV-1 ICP0 localization to the nucleus
during later stages of infection, probably affecting its
functionality at the cytoplasm. This might inhibit antiviral
signaling and subsequently inhibit viral replication.

1.1.5 Anti-influenza activity

An infectious disease, influenza, or flu, is caused by the
influenza virus and symptoms may be mild to severe. Severe
conditions of flu would result in viral pneumonia, secondary
bacterial pneumonia, sinus infections,83 etc. The influenza
virus spreads usually through the air from coughs or sneezes.
Based on antibody responses,84 to date, four types of
influenza viruses have been reported, namely, type A, type B,
type C, and type D; amongst these, type D has not been
reported to infect humans. Devastating outbreaks of type A
have occurred and given rise to a human influenza
pandemic. Globally, influenza is responsible for 3–5 million
severe complications and approximately 250 000 to 500 000
deaths occur every year. The serotypes of type A confirmed
are H1N1, H2N2, H3N2, H5N1, H7N7, H1N2, H9N2, H7N2,
H7N3, H10N7, H7N9, and H6N1. Out of these serotypes,
H7N9 is rated as having the highest pandemic potential
among the type A subtypes. Type B is the only influenza type
that infects exclusively humans;84 however, it is less common
than type A. The overall structure of the various influenza
viruses is almost similar85 and it applies to their composition
also. They are made up of a viral envelope comprising the
glycoproteins hemagglutinin and neuraminidase wrapped
around a central core. The central core involves the viral RNA
genome which unusually for a virus is a set of seven or eight
pieces. In the case of influenza A, the genes present on the
viral genome code for the 11 proteins HA, NA, NP, M1, M2,
NS1, NS2, PA, PB1, PB1-F2, and PB2.86 Despite the high
mutation rate of the virus, the influenza vaccine confers
protection no more than a few years. Antibiotics are
ineffective towards influenza infection, while drugs may be

Fig. 30 Structures of thiazolidinone-appending pyridoindole
derivatives [reproduced from ref. 81 with permission from Elsevier,
copyright 2020].

Fig. 31 Structures of substituted pyridoindole analogs [reproduced
from ref. 82 with permission from Elsevier, copyright 2020].
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effective if given early. Two classes of antivirals are prevalent,
namely, neuraminidase inhibitors and M2 inhibitors.87,88

A set of novel indole derivatives are prepared and
evaluated for anti-influenza properties.89 The four new
synthetic indole derivatives 96–99 (Fig. 32) are checked for
cytotoxicity wherein the derivatives are found to be non-toxic
(IC50 = 266–442 μM). Pretreatment of A549-PB1 cells with the
indole analogs 98 and 99 at a concentration of 50 μM for 4 h
has not shown any reduction of eGFP-positive cells. In the
case of compound 96 a slight reduction of eGFP-positive cells
is noticed, while moderate reduction has been exhibited by
the 6-methoxy analog 97. Since the antiviral activity of
compound 97 is not due to its cytotoxicity as the cell
proliferation is unaffected at 50 μM, it is chosen for further
testing. In addition, the antiviral activity of compounds
97–99 is tested on vesicular stomatitis virus wherein all
compounds exhibited different levels of reduction of eGFP-
positive cells, with compound 96 resulting in the strongest
reduction. The effect of compound 97 on replication of IAV is
investigated through IAV polymerase activity. In this activity,
no significant difference in the vRNA levels including NP,
NS1, eGFP, and M1 is detected, suggesting that compound 97
is unable to inhibit the entry of IAV. However, it is
demonstrated to inhibit the replication of IAV as the
expression of vRNAs is reduced at 6 h p.i. The absence of a
significant difference in the expression level of the
housekeeping genes (SDHA, β-actin, and 18S) indicates that
compound 97 does not inhibit the host cell generation
machinery or RNA processing. A great reduction of viral-
induced expression of IFNβ, IFIT2, HIL6, and IP10 in
compound 97-treated A549-PB1-cells infers that it is
incapable of protecting the host cells from IAV infection by
enhancing the antiviral response. Further, in the presence of
compound 97, IAV-induced phosphorylation of STAT1 is
reduced, revealing that compound 97 could inhibit IAV-
induced activation of IRF3 and STAT1.

A series of novel 5-hydroxy-2-aminomethyl-1H-indole-3-
carboxylic acids and their analogs are synthesized and the
corresponding antiviral effects are screened.90 The cytotoxicity

of the prepared molecules (chosen for antiviral activity) is
much lower compared to that of arbidol. The 6-fluoroindole
derivative connected to N,N-dimethyl amine 102 (Fig. 33)
exerted threefold greater activity compared to arbidol and a
better therapeutic index (sevenfold higher compared to arbidol)
(Table 12). The replacement of the 6-fluoro group with a
3-pyridyl ring resulted in a diminished activity which is evident
in compounds 100 and 101. In particular, the C-2 pyrrolidine
scaffold 101 exhibited moderate activity with a lower
therapeutic index, whereas the N,N-dimethyl amine analog 100
possesses an almost similar activity but a twofold higher
therapeutic index than that of arbidol. Furthermore, for
compound 102 at a dose of 25 mg kg−1 per day given i.v. and p.
o., the mean survival times in mice are 11.4 and 8.3 days,
respectively, the activity is comparable with arbidol (i.v. = 5.5
and p.o. = 7.3 days). However, at a higher dose, the survival
time is reduced, indicating a higher degree of toxicity. The
results show that compound 102 is highly effective in the
prophylaxis and treatment of mice with influenza.

Indole–flutimide heterocycles are synthesized and
evaluated for influenza PAN inhibitory effects.91 Except for a
few synthesized molecules, all the other derivatives are
reported to be significant inhibitors of influenza PAN in an
enzymatic assay. Amongst these, compound 103 (Fig. 34) has
emerged as the most active PAN inhibitor with an IC50 value
of 12.7 μM, while 5-fluoroindole analog 104 is also a good
inhibitor of PA endonuclease (IC50 = 17.3 μM) amongst the
substituted indole derivatives. This indicates that fluorine is
more preferable when compared to bulkier halogens, which
is because of optimal van der Waals interactions with the
secondary N-terminal cavity of the PA active site. Apart from
this, methoxy analog 105 has yielded the best activity (EC50 =
48 μM) in the influenza virus vRNP assay.

Indole-substituted spirothiazolidinones are designed as
superior inhibitors of HA-mediated fusion.92 Influenza A
inhibitory activity is evaluated in terms of cytopathic effect
(CPT) and MTS-based cell viability assay. Almost similar
inhibitory potencies are observed in both assays. The
spirothiazolidinone analogs lacking a methyl motif on the
thiazolidinone ring have failed to render good antiviral
activity, while a few methyl-containing spiro derivatives have
exhibited the finest activity. Here, compound 106 (Fig. 35)
possessing a plane cyclohexane ring showed decent activity
(Table 13). Approximately threefold stronger antiviral activity
is noticed for compound 107 compared to 106 wherein the
spiro-cyclohexane ring is substituted with a methyl group at
the 2-position. Further, the shift of the methyl position from

Fig. 32 Depiction of chemical structures of 3,3-dimethylindole
derivatives.89

Fig. 33 Structures of indole-3-carboxylic acid analogs [reproduced
from ref. 90 with permission from springer, copyright 2020].

Table 11 HSV inhibitory properties of pyridoindole analogs

Compd

Anti-HSV activity %
inhibitionCC50 (μM) EC50 (μM) SI

93 435 4.9 88.8 83
94 237 5.9 40.2 69
95 137 19.5 7.0 84
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the 2- to the 3-position has led to twofold abated activity.
However, the replacement of ethyl with the methyl group at
the 3-position has resulted in extraordinary activity,
suggesting that increased alkyl chain length has a positive
impact on anti-influenza A activity. Having said that, still,
larger groups have demonstrated deteriorated activity. The
same trend in inhibitory potencies is observed in the case of
MTS-based cell viability. In the case of the inhibitory effect
on HA-mediated membrane fusion in HA-WT, compounds
106–109 are reported as beneficial molecules with EC50 values
of 0.88–2.1 μM which are comparable with that of the
reference compound. Again, compound 109 has incarnated
as the most potent molecule (EC50 = 0.88 μM) compared to a
reference (EC50 = 1.1 μM), in agreement with influenza A
activity. In the case of HA-E572K and HA-D1122N strains,
weak inhibitory values are put up.

In continuation of the previous studies of the
extraction of new alkaloids,93,94 seven new bisindole
glucosides or isatindigobisindolosides are isolated and
subsequently explored for antiviral properties.95 In the
evaluation of anti-influenza activity, moderate to poor
potencies are observed compared to ribavarin wherein the
N-methoxy analog 110 (Fig. 36) is reported to be a
moderate inhibitor (IC50 = 12.6 μM). The antiviral
potencies of these molecules suggest that they can be
developed into efficient biomimetics.

1.2 Discussion

Having demonstrated the potential pharmacological properties
of indole derivatives, the in vitro and in vivo antiviral potencies
of indole scaffolds reported recently are discussed briefly. The
whole review work is categorized based on the type of virus
being inhibited. In the anti-HCV activity, MK-8742 derivatives
have been demonstrated as the elite inhibitors; further
derivatization on the indole or phenyl ring of the tetracyclic
part has not yielded fruitful results. In continuation, the amino
acid side chain is decorated with cyclic/acyclic alkyl moieties to
enhance the anti-HCV effects. Additionally, a non-zwitterionic
indole derivative appended with an alkyl bridged piperazine
carboxamide analog 14 has exhibited promising activity. In
addition, it is worth mentioning that furan-fused tricyclic
indole analogs have rendered nanomolar inhibitory activity.
Overall the MK-8742 derivatives have the immense potentiality
to develop into future anti-HCV molecules. Anti-HIV
investigation reveals that indolyl-glyoxamide derivatives are
very good at the inhibitory activity. Astonishingly, incredible
results are elicited by the indolearylsulfone (IAS) analogs. These
derivatives have also proved to be functional towards the
mutant strains. The legacy of IASs towards anti-HIV is
continued for other scaffolds wherein the amide side chain is
decorated with heteroaryl rings, suggesting that the IASs are
the most promising pharmacophores and could be potential
anti-HIV candidates, whereas only indole-3-carbonyl scaffolds
connected with substituted anilines exhibited the finest anti-
dengue activity towards all serotypes, and other derivatives are
found to be moderate inhibitors. When it comes to herpes
simplex viruses, moderate to decent inhibitory potencies are
noticed. Also, the anti-HSV molecules are explored for related
protease inhibitory and virus replication inhibitory effects.

Table 12 Anti-influenza effects of indole-3-carboxylic acid analogs

Compd

Anti-influenza activity (μM)

EC50 CC50 TI50

100 12.7 188 14.8
101 18.6 110 5.9
102 4.3 151 35.1
Arbidol 12.9 97 7.5

Fig. 34 Illustration of structures of indole–flutimide derivatives.91

Fig. 35 Chemical structures of carboxamide-tethered indole-
spirothiazolidinones [reproduced from ref. 92 with permission from
Elsevier, copyright 2020].

Table 13 Anti-influenza A inhibitory effects of indole-substituted
spirothiazolidinones

Compd

Influenza A inhibitory
activity (EC50, μM)

CPE MTS

106 0.085 0.063
107 0.031 0.023
108 0.063 0.045
109 0.0012 0.0007
Amantadine 3.8 1.2

Fig. 36 Illustration of the structure of a bisindole derivative
[reproduced from ref. 95 with permission from Tailor & Francis,
copyright 2020].
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Most of the compounds have been demonstrated to inhibit
HSV through various mechanisms. Some of the indole analogs
showed good anti-influenza activity along with influenza-
related enzyme inhibitory properties.

Conclusion

In this review, the in vitro and in vivo antiviral properties of
various indole derivatives reported recently are discussed.
The classification of antiviral agents is made based on the
type of virus being inhibited. In addition to the MIC/IC50

values of potent compounds, the structure–activity
relationship is established for evaluated derivatives, which
helps future researchers to design efficient therapeutic
agents. In addition, the pharmacokinetic and
pharmacodynamic properties are also considered to check
the clinical efficacy of the antiviral drug. The review work
indicates that indole is the most promising heterocycle
available for antiviral drug discovery and development
against drug-resistant viral strains. Overall, the review infers
that the MK-8742 derivatives and indole aryl sulfonic acids
have attracted much attention by their significant in vitro and
in vivo antiviral properties. Considering these derivatives as
lead molecules, further derivatization has to be investigated
towards the discovery of efficient antiviral molecules.
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