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ARTICLE INFO ABSTRACT

Keywords: COVID-2019 pandemic is affecting people worldwide in the absence of an effective treatment strategy. Several
Drug targets suggestive therapeutic options through drug repurposing are recommended, but a complete consensus is not
COVID-19

reached. A combination of Hydroxychloroquine (HCQ) and Azithromycin (AZM) has been widely tried and
discussed but its administration has also led to potential adversities in patients. Studies are suggesting that most
prominent adverse event with HCQ and AZM combination is QT interval prolongation. We studied interaction of
HCQ with AZM and subsequent effect of this drug combination on QT interval prolongation. We performed
system biological investigation of HCQ and AZM targets and screened important targets and pathways possibly
involved in QT interval prolongation. The best core hub protein drug targets involved in QT interval prolongation
were identified as HSP90AA1 exclusively associated with HCQ, while AKT1 exclusively associated with AZM on
the basis of node degree value. It was found that PI3K/Akt, VEGF, ERBB2 pathways must be given consideration
for understanding the role of HCQ and AZM in QT interval prolongation. Conclusion: Computational methods
have certain limitations based on source database coverage and prediction algorithms and therefore this data
needs experimental correlation to draw final conclusion, but current findings screen targets for QT interval
prolongation associated with HCQ and AZM. These proteins and pathways may provide ways to reduce this
major risk associated with this combination.

Adverse reactions
Network pharmacology
Cardiac arrhythmia

1. Introduction

Recent COVID-19 pandemic raised several challenges in front of
scientific community in the absence of widely accepted therapeutic
intervention. The use of Hydroxychloroquine (HCQ) was also debated
globally during this pandemic with wide range of observations, making
it difficult to reach complete consensus about potential of this drug as
therapeutic intervention for COVID-19 [1]. It was suggested that use of
HCQ has potential to manage COVID-19 [2,3] and azithromycin (AZM)
enforce this ability [4]. In contrast, the use of this combination may
cause several adverse events, including QT interval prolongation, hy-
poglycemia, and neuropsychiatric effects etc. [5]. Several statements
were issued to draw the attention towards safety evaluation of this
combination in COVID-19 management [6]. Among the adverse event
associated with HCQ and AZM, the QT interval prolongation received
major attention with the propensity of fatal cardiac arrhythmia leading
to sudden cardiac death among susceptible individuals. Although,
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several suggestive articles are published for anti COVID-19 activities of
HCQ and AZM combinations [7,8], but no data is available explaining
mechanisms of these adverse events as per our literature search. The
network pharmacology is an emerging bioinformatics approach to
identify potential drug targets and its underlying mechanisms associated
with potential actions of drugs [9].

In this article, we performed network pharmacology analyses of HCQ
and AZM targets to understand the mechanisms of adverse events
associated with this drug combination. We analyzed targets of these two
drugs and their involvement in QT interval prolongation. We also
identified targets linked with HCQ and/or AZM and involved in QT in-
terval prolongation in addition to metabolic pathways modulated by
these target proteins. Consequently, we present here a bioinformatics
analyses of HCQ and AZM targets for understanding effect of these drugs
alone and in combination for QT interval prolongation.
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Table 1
QT interval prolongation targets with the chances to get affected by HCQ and/or
AZM.

Sr. Targets affected by both Targets affected by Targets affected by
No. HCQ and AZM only HCQ only AZM
1 LMNA CACNA2D1 F10

2 KCNH2 NOS1 TSHR

3 ADRB1 HSP90AA1L PIK3CG
4 ADRB2 CCND1 HSP90B1
5 ALB NOS2 DPP4

6 SRC CHKA LGALS3
7 ADRA2C CDK2 AKT1

8 ELANE HTR1A ROCK1
9 MC4R HTR3A LGALS4
10 CYP1A2 KIF11 PDE4B
11 PRKCA CYP2C8 NPPA
12 EGFR SPHK1 DHFR
13 ESR1 ROCK2 NQO1
14 PRKDC SLC5A2
15 MMP9 ITGA4
16 CYP2D6 MLNR
17 DRD2 KDM1A
18 CYP3A4 TRAP1
19 MAPK14 HTR4
20 ACHE

21 ABCB1

22 SLC6A4

23 CCR5

24 HTR2A

25 CYP2C19

26 CYP2C9

27 HMGCR

28 INSR

29 CHRM3

30 SYK

31 CYP2E1

32 AKT3

33 PDESA

34 CDK4

35 HRH1

36 IGF1R

37 SLC6A2

38 TACR1

39 FYN

40 ADORA1

41 AVPRI1A

2. Materials and methods
2.1. Screening of HCQ and AZM targets

The well-known databases of pharmacological drug targets were
used to obtain targets of HCQ and AZM. During the analysis, we used
DrugBank [10], SuperPred [11], and Swiss Target Prediction [12] da-
tabases for listing of HCQ and AZM targets in order to understand their
role in QT interval prolongation. In addition, the DisGeNET [13], and
Genecards [14] were used to identify targets involved in QT interval
prolongation. All the databases were last screened on or before Sep
2020.

2.2. Filtering of HCQ and AZM targets

The drug targets redundant with different databases were filtered to
find unique targets associated with these two drugs. The unique targets
of both drugs were further screened for identification of common and
exclusive targets of AZM and/or HCQ.

2.3. Screening of targets involved in QT interval prolongation

The human pathological targets involved in QT interval prolongation
were screened through DisGeNET and Genecard. The targets obtained
from both databases were filtered to avoid redundant targets obtained
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1073

QT interval
prolongation

Fig. 1. Venn diagram indicating QT interval prolongation targets affected by
HCQ and AZM.

from both databases.

2.4. Identification of HCQ and AZM targets involved in QT interval
prolongation

The Venn diagram was constructed to find HCQ and AZM targets
involved in QT interval prolongation. This was used to identify QT in-
terval targets exclusively or commonly affected by HCQ and AZM.

2.5. Screening of important HCQ and AZM targets involved in QT interval
prolongation and interrelated network construction

The protein-protein interaction maps of HCQ and AZM targets
involved in QT interval prolongation was prepared with STRING data-
base. The STRING database screen interactions and gives combined
score to each interaction on the basis of different evidences including
experimental after adding probability to each channel. Cytoscape
v.3.8.0 was used to generate combined interaction map in order to find
interrelation between HCQ and AZM targets. The cytoscape network
analyzer was used to analyze topological parameters like degree of
nodes and betweenness centrality in network. The best targets influ-
enced by HCQ and AZM and possibly involved in QT interval prolon-
gation were filtered as hub proteins using degree value of nodes in the
network. The filtering was performed to separate nodes with degree
values above than twice fold of the median degree value [15].

2.6. Functional processes and molecular pathways analysis using gene
ontology

Gene Ontology (Biological Process) of HCQ and AZM target involved
in QT interval prolongation were separately analyzed using functional
enrichment analysis tool GOlorize [16]. We used cytoscape plugin
GOlorize for gene ontology (biological process) based functional gene
set enrichment analysis. The GOlorize worked on the BINGO [17] and
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the analysis was done with default Hypergeometric statistical test with
Benjamini and Hochberg FDR correction and significance value 0.05.
We also performed pathway analysis of QT interval targets associated
with HCQ and/or AZM using REACTOME [18] in order to understand
their role in different pathway modulation during single or
co-administration of both drugs.

3. Results
3.1. Identification of drugs targets

Our analyses found total 202 protein targets for HCQ, including 11
protein targets identified from DrugBank, and 91 and 100 targets

identified from SuperPred and Swiss Target Prediction respectively. In
addition, DrugBank found one target as nucleotide. These 202 protein
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Fig. 2. Combined protein-protein interaction map of
HCQ and AZM targets involved in QT interval pro-
longation. The QT interval prolongation targets of
HCQ and AZM are shown with pink and blue color
respectively, while protein targets interacting with
both drugs are shown with orange color. The node
size is arranged as per their comparative degree value
while the colors of edges represent combined inter-
action score obtained from STRING (blue » yellow »
red representing low » medium » high). Refer data for
more details. (For interpretation of the references to
color in this figure legend, the reader is referred to the
Web version of this article.)

Fig. 3. Functional overrepresentation anal-
ysis of HCQ targets involved in QT interval
prolongation. Their role in different biolog-
ical processes is presented with different
colors. Figure only represents top biological
processes on the basis of p value. Different
node sizes represent comparative degree
value in the network while colors of edges
indicate combined interaction score (same
as Fig. 2) of each interaction. The HCQ
target proteins involved in regulation of
heart contraction are presented at one side
of network indicating red color. (For inter-
pretation of the references to color in this
figure legend, the reader is referred to the
Web version of this article.)

Regulation of Processes Response to stimulus

targets correspond to 207 protein IDs in database. There were several
redundant targets among the proteins identified from all 3 databases.
Total 176 unique protein entries were identified from all 3 databases
after removing 31 redundant entries.

Total 206 targets were found during analysis of drug targets of AZM
in above mentioned 3 databases (5 targets from DrugBank, 101 from
SuperPred, and 100 from Swiss Target Prediction), including 1 nucleo-
tide identified from DrugBank and therefore proteins targets were 205
corresponding to 207 protein IDs. These targets found 190 unique pro-
tein targets after removing 17 redundant protein entries. Tables S1 and
S2 represents targets of HCQ and AZM collected through different da-
tabases and their analysis.
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3.2. Screening of common targets of HCQ and AZM

Total 366 targets of HCQ and AZM were analyzed for their common
interactions with both drugs or exclusive interaction with either HCQ or
AZM. These targets included total 257 unique values, indicating exclu-
sive 67 HCQ, 81 AZM targets and 109 targets common among both HCQ
and AZM. Table S3 represent human targets common and exclusive with
HCQ and AZM.

3.3. Screening of pathological targets of QT interval prolongation

Screening of DisGeNET for targets involved in prolonged QT interval
found 38 targets while Genecard found 1071 targets. Filtering redun-
dant targets from both databases gave 1073 unique targets out of 1109
targets obtained from DisGeNET and Genecard (36 redundant). Table S4
gives detail about targets obtained from both databases.

3.4. Screening of pathological targets involved in QT interval prolongation
affected by HCQ and/or AZM

During analysis of QT interval prolongation targets affected by HCQ
and AZM, we found common targets between HCQ, AZM and QT in-
terval prolongation. Table 1 gives detail about target proteins involved
in QT interval prolongation that could be affected by HCQ and/or AZM.
Total 73/1073 QT interval prolongation targets were found to get
affected by HCQ and/or AZM. Fig. 1 indicates about Venn diagram of
targets involved in QT interval prolongation and their common in-
teractions with HCQ and/or AZM.

3.5. Screening of important HCQ and AZM targets involved in QT interval
prolongation and interrelated network construction

The construction of protein-protein interaction map of all 73 QT
interval targets mentioned in Table 1 through STRING database and
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common interactions of both drugs with important targets are shown in
Fig. 2. The median degree of nodes for all HCQ and AZM QT targets was
found to be 9. Therefore best targets were selected with the degree value
> 18 for combined HCQ and AZM QT target PPI network. ALB (41),
AKT1 (40), HSP90AA1 (27), SRC (24), EGFR (23), CCND1 (20), CYP3A4
(20), ESR1 (19), ABCB1 (19) were found to satisfy degree value criteria
of best target in combined HCQ and AZM prolonged QT interval target
network. AKT1, ALB, HSP90AA1, KCNH2, SCR were screened as top
nodes on the basis of betweenness centrality. The AZM target PDE4B was
not interacting with other AZM targets but found to interact with HCQ
targets. Table S5 represent PPI screened through STRING database with
the computed score of each interaction for all HCQ and AZM QT interval
target. The CYP3A4, SRC, HSP90AA1, ALB were found to be important
hub targets for HCQ, while ADRB2, HTR2A, SLC6A4, ABCB1, CYP3A4,
EGFR, AKT1, ALB, SRC, ESR1, MAPK14 were found as important hub
targets for AZM during analysis of separate PPI network of HCQ and
AZM on the basis of node degree (Figs. 3 and 4).

3.6. Functional processes and molecular pathways analysis using gene
ontology

The gene set enrichment analyses of HCQ and AZM targets are pre-
sented in Tables S6 and S7 respectively. Fig. 3 represents top biological
processes (on the basis of p value) in which HCQ QT interval prolon-
gation targets are involved. Fig. 4 indicates top biological processes (on
the basis of p value) involved with AZM QT interval prolongation targets
as per gene set enrichment analysis. The Reactome pathways associated
with HCQ, AZM, and combined HCQ and AZM are presented in
Tables S8-S10 respectively. The top pathways on the basis of p-value are
presented in Fig. 5.

4. Discussion

The use of HCQ with AZM is globally tried for management of

CCR5

SLC5A2

ADRB2

Regulation of Processes Response to stimulus

PDE5A PRKCA ADORA1 KCNH2

Fig. 4. Functional overrepresentation analysis of AZM targets involved in QT interval prolongation. Their role in different biological processes is presented with
different colors. Figure only represents top biological processes on the basis of p value. Different node sizes represent comparative degree value in the network while
colors of edges indicate combined interaction score (same as Fig. 2) of each interaction. The AZM target proteins involved in regulation of heart contraction are
presented at one side of network indicating red color. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)
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Fig. 5. Metabolic pathways associated with use of HCQ and/or AZM (arranged as per p-value).

COVID-2019 in the absence of effective therapeutic regimen availabil-
ity. However, the use of HCQ is speculated to be associated with high
risk of QT interval prolongation and concurrent use of AZM can intensify
these chances [19-21]. These studies emphasized to perform risk anal-
ysis of these two drugs for their application in the management of
COVID-19, however the extensive mechanistic information about the
involvement of HCQ and AZM in QT interval prolongation is not
identified.

We used network pharmacology based approaches to identify
interaction of these two drugs in modulation of QT interval prolonga-
tion. This approach has been used in several studies to identify potential
targets and mechanisms associated with certain clinical condition
[22-24]. The initial results of this study reveal that both drugs are
interacting with QT interval prolongation targets (Fig. 1), and therefore
it is plausible that use of this drug combination can intensify their effects
on QT interval prolongation and correlate with clinical findings. During
analysis of their common and exclusive interaction with QT interval
prolongation hub targets, it is evident as per node degree distribution
that HSP90AA1/CCND1 and AKT1 are major hub proteins involved in
QT interval prolongation exclusively affected by HCQ and AZM
respectively (Fig. 2). In contrast, SRC, EGFR, CYP3A4, ESR1, and ABCB1

and ALB are important hub proteins involved in QT interval prolonga-
tion that could be targeted by both HCQ and AZM according to com-
bined PPI of HCQ and AZM targets. Both of these drugs may be involved
in regulation of heart contraction, as indicated by separate gene set
enrichment analysis of HCQ and AZM QT interval targets (Figs. 3 and 4).
The regulation of heart contraction as top biological process was
enriched at 13th and 24th position in HCQ and AZM PPI network
respectively (Tables S6 and S7). It will be interesting to verify these
common targets in laboratory to understand their synergistic or inhib-
itory action under the simultaneous influence of HCQ and AZM. Among
these targets, few are already suggested as potential targets for efficacy
of HCQ and AZM combination, for example it has been suggested that
ABCB1 provides synergistic effects of these two drug combination
against COVID-19 [7]. Moreover, the functional enrichment analysis
suggested that HCQ can directly interact with certain regulatory medi-
ators of heart contraction including KCNH2 NOS2 ADORA1 PRKCA
PDESA ADRB1 NOS1 AVPR1A ADRB2 DRD2 (Fig. 3, Table S6).
Whereas, AZM was found to interact with more hub proteins (Fig. 4) and
support that HCQ may be directly involved in targeting mediators of
cardiac arrhythmia, but AZM integrates more hub proteins in the pro-
cess, and therefore it can intensify the chances of QT interval
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prolongation. These results are consistent with the finding obtained
through clinical studies.

During enrichment analysis of metabolic pathway modulation dur-
ing single or co-administration of HCQ and/or AZM, we found that these
two drugs can modulate several metabolic and other pathways associ-
ated with cardiac arrhythmia. It has been implicated that drug mediated
long QT syndrome is associated with inhibition of PI3K/Akt signaling
[25]. We found that HCQ and AZM both are able to inhibit this pathway
(Fig. 5). It further indicates potential of HCQ and AZM in increasing QT
interval prolongation through inhibiting PI3K/Akt pathway. In addition,
these two drug targets are also involved in synthesis of maresins. These
molecules are produced by leukocytes and platelets and found to be
involved in post-inflammatory regenerative response after myocardial
infarction [26] and therefore indicate towards therapeutic potential of
HCQ and AZM. In addition to PI3K/Akt pathway, ErbB2 inhibitors are
also known to induce QT prolongation [27]. Our study found that HCQ
and AZM combination can modulate ERBB2 signaling and therefore, it
can be another mechanism for induction of QT interval prolongation
through concurrent use of these drugs and must be investigated exper-
imentally. When used in combination, HCQ and AZM can also modulate
VEGF signaling pathway, another mechanism that has been implicated
in QT interval prolongation [28].

Nevertheless, this combination was also found to modulate
interleukin-4 and interleukin-13 signaling. This signaling is very
important in allergic inflammation ranging from atopic dermatitis,
allergic rhinitis to life threatening allergic asthma. However, there is
discrepancy about the role of IL-4/IL-13 in SARS-CoV-2 [29], but the
effects of HCQ and AZM combination on this pathway must be studied in
order to investigate the mechanistic role of such pathways in treatment
and adverse reactions. Another metabolic pathway found to be modu-
lated by HCQ and AZM was CTLA4 inhibitory signaling. Anti CTLA-4
therapy is already known to induce pneumonitis and therefore role in
HCQ and AZM combination in treatment of COVID-19 and associated
adverse events needs a separate study to understand the role of this
combination through CTLA4 inhibitory signaling [30].

5. Conclusion

Although, all these studies present promising targets and pathways
for their involvement in QT interval prolongation, but this work is based
on existing information obtained from widely known databases. All the
databases are continuously evolving and their coverage of certain in-
formation is not complete, in addition computational prediction algo-
rithms are also having several limitations. Therefore we must consider
limitations of computational predictions and these findings must be
correlated with experimental evidences in order to draw final conclu-
sion. In spite of that, this study shortlists several potential targets and
mechanisms which can be useful to find management strategies for HCQ
and AZM associated adverse events. Under current scenario, this study
holds its value as this combination is widely discussed throughout the
globe and attracted scientific community.
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