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Abstract
		
	 The COVID-19 becomes worse with the existence of comorbid diseases such as 
cardiovascular diseases, metabolic syndromes, inflammation, degenerative diseases, as 
well as cancer. Therefore, a comprehension approach is needed to combat such comorbid 
conditions, not only focusing on the virus infection and replication but also directed 
to prevent the raising comorbid symptoms. This study analyzed the potential natural 
compounds, especially diosmin and hesperidin, as an anti-SARS-CoV-2 and chemopreventive 
agent against several COVID-19 comorbid diseases by using an in-silico method. Diosmin 
and hesperidin together with other natural compounds and existing viral drugs (lopinavir, 
nafamostat, and comastat) were docked into several proteins involved in SARS-CoV-2 
infection and replication namely SARS-CoV-2 protease (PDB:6LU7), spike glycoprotein-
RBD (PDB:6LXT), TMPRSS2, and PD-ACE2 (PDB:6VW1) using MOE software. The interaction 
properties were determined under docking score values. The result exhibited that diosmin 
and hesperidin performed superior interaction with all the four proteins compared to the 
other compounds, including the existing drugs. Moreover, under literature study, diosmin 
and hesperidin also elicit good chemopreventive properties against cardiovascular disorder, 
lung and kidney degeneration, as well as cancer development. In conclusion, diosmin and 
hesperidin possess high opportunity to be used for the COVID-19 and its the comorbid 
diseases as chemopreventive agents. 
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INTRODUCTION

	 The COVID-19 epidemic has spread 
evenly throughout the world and it is still difficult 
to predict how it will end. The virus that causes 
COVID-19 is quite strange because in addition 

to being fatal to certain people, especially to the 
comorbid patients with cardiovascular, diabetes 
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mellitus, and renal dysfunction, it can also spread 
to regions with various climates at the same time 
(Guan, et. al., 2020; Iqbal, et. al., 2020). Until now, 
various types of drugs have been tested but nothing 
has been stated as an effective drug to overcome 
this disease (Cao, et. al., 2020). It is estimated that 
this pandemic problem will last a long time. 
	 So far, the therapeutic approach to dealing 
with COVID-19 patients is to relieve symptoms 
and treat the comorbidities. COVID-19 patients 
who have comorbidities suffer with worse symp-
toms (Rosser and Ritchie, 2020). Treatment with 
direct targets to the virus is currently in trials and 
is not yet a recommended drug. The development 
of vaccines that are continuously being carried out 
by various parties also still requires a relatively 
long time to be used (Folegatti, et. al. 2020; Zhu, 
et. al., 2020). Meanwhile, research on the molecu-
lar characteristics of viruses is increasingly able to 
reveal more details about the shape, components, 
and structure of the macromolecules that make up 
viruses that practically encourages the develop-
ment of targeted drugs or vaccines. However, the 
development of new drugs is not the right choice 
because it will require a lot of time and resources 
and is considered less effective (Chan, et. al., 2020; 
Wrapp, et. al., 2020). The approach through drug 
repurposing offers little hope, but still does not 
show the best results. However, the basic problem 
from repurposing the existing drugs is the raising 
of adverse effects in a long-term usage (Harrison, 
2020 ; Plaze, et. al., 2020).  Therefore,  efforts  to  
overcome  these  problems need to think about ways 
to provide alternative medicine in the long-term us-
age (Parvathaneni and Gupta, 2020).
	 Natural ingredients are commonly used 
among Asian people to enhance their immunity in 
daily life. Citrus fruits, one of the natural  ingre-
dients, not only contain vitamin C which is bene-
ficial to the body but also contain lots of methoxy 
flavonoids, especially in the peel of the fruit, such 
as  hesperitin,  hesperidin,  and   diosmin, an  enanti-
omer structure of hesperidin (Ikawati, et. al., 2019; 

Meneguzzo, et. al., 2020). Hesperetin is an agly-
cone form of hesperidin and its molecular docking 
shows to bind to the ACE-2 receptor, a protein that 
is believed to be an intermediary for the entry of the 
SARS-COV-2 virus into the host cell. The ability to 
bind to ACE-2 of compounds is believed that these 
compounds will be able to inhibit viral infections 
(Meneguzzo, et.al., 2020; Utomo, et.al., 2020). In 
addition to citrus, there are still some herbs that are 
often used to maintain body warmth and fitness, 
such as turmeric, galangal, and ginger (Da’i, et. al., 
2019; Darmawan and Pramono, 2016). Some com-
pounds that are known to have pharmacological 
significance are curcuminoids, galangin, ACA, and 
several types of flavonoids in oranges. On the other 
hand, ACE-2 later found not to be the only major 
variable in the process of viral infection, but there 
were still several important proteins that contribute 
to the effect such as TMPRSS2 (Thunders and De-
lahunt, 2020). Therefore, the study of the ability of 
these compounds to interact with the essential-me-
diated viral infection proteins needs to be explored,  
especially  for  the   compounds  that  possess  the  
ability  to prevent  the   comorbid   diseases of 
COVID-19.
	 This study was conducted to mea-
sure the potential  of  natural  compounds from  
oranges   (Citrus sp.), turmeric, and galangal as 
anti COVID-19  through  molecular docking stud-
ies. Molecular  docking is carried out on 4 types 
of target proteins that are considered essential in 
the SAR-CoV-2 infection process. These proteins 
are (1) ACE-2 which is a protein/receptor recog-
nized by the SARS-CoV-2 spike protein (Wrapp, 
et. al., 2020), (2) TMPRSS2, which is a protein 
that has protease activity that cuts S2 viral glyco-
protein allowing endocytosis of virus (Lukasen, et. 
al., 2020), (3) 3CL-pro which is a viral protease 
that cuts post-translational protein to prepare vi-
ral structural proteins (Tahir, et. al., 2020), and (4) 
spike glycoprotein RBD, a protein used to bind to 
ACE-2 (Chan, et. al., 2020; Wrapp, et. al., 2020).  
By looking at the binding pattern, it can predict the 
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most potential compounds to be developed as the 
best antidote for viruses. In addition, we also dis-
cuss this issue in correlation  with  the potential of   
natural occurring compounds, namely diosmin and 
hesperidin, to prevent cancer development and the 
comorbidities diseases of COVID-19.

METHODS

Protein and Ligand Preparation
	 Crystal structure for molecular docking 
used the available model in the PDB database. The 
model of RBD-S used PDB ID 6VSB due to the in-
formation of prefusion spike glycoprotein structure 
containing single receptor-binding domain while 
PDB ID 6LXT was used as the model of S2 subunit 
of spike glycoprotein in complex with H2 domain. 
The PDB ID 6VW1 was used as the model of PD-
ACE2 in complex with RBD of SARS-CoV-2. For 
the crystal structure of SARS-CoV-2 protease, PDB 
ID 6LU7 was used which informed the structure of 
3CL protease in complex with protease inhibitor. All  
the   protein    structure   was    prepared   by    remov-
ing  the  water  molecule  then  generated for proto-
nate 3D model and partial charge calculation. On the 
other hand, the chemical  structure  of  all  chemical   
compounds  was  obtained  from  the  Pubchem,  
then   was   drawn  in      ChemDraw        Professional  
16  (PerkinElmer, USA) followed  by conforma-
tional search and energy minimization in MOE 
2010.10 (Chemical  Computing  Group,  Canada).

Homology Modelling
	 Due to the non-availability crystal struc-
ture, we performed a homology modelling approach 
from available amino acid sequence retrieved from 
Uniprot (https://www.uniprot.org/uniprot/O15393) 
to prepare the structure of TMPRSS2 protein.  We 
performed homology modelling in MOE 2010.10 
software following the default step preparation. The 
closest  sequence  alignment was chosen  sharing 
more  than  95% similarity   to  generate the  pre-
dicted-crystal structure. Crystal structure model 

was evaluated at the Z-score value and Ramachan-
dran plot. The obtained TMPRSS2 model was pre-
pared following the protein preparation procedure.

Molecular Docking Simulation
	 Molecular docking study was chosen to be 
the tools for screening the binding affinity of several 
natural products on SARS-CoV-2 marker protein, 
RBD-S, PD-ACE2, and SARS-Cov-2 protease. 
All computational simulation was conducted on 
Windows 10 Operating System, Intel Core i7-10th 
Gen as a processor with 8 GB of RAM.  Molecu-
lar  docking study  including  docking simulation, 
RMSD calculation, and visualization of binding in-
teraction was performed using MOE 2010.10 soft-
ware. The default settings  were used with no fur-
ther  explanation.  The  docking  simulation setting 
used London dG and  Triangle  matcher as score 
function and placement setting method. Forcefield 
method was used to refine the docking results from 
30 retain  settings. Results of the molecular docking 
described the affinity represented by docking score 
and binding interaction of each compound on the 
protein targets.

RESULT AND DISCUSSION

	 Previously we reported the anti SARS-
CoV-2 activity of natural occurring compounds of 4 
medicinal herbs species that are commonly used in 
relieving diseases, namely Curcuma sp., Citrus sp., 
Caesalpinia sappan, and Alpinia galanga (Utomo, 
et. al., 2020). We further selected some specific 
compounds from the chemical constituent of each 
herbs (Figure 1.) to be evaluated together with the 
existing antiviral drugs, lopinavir, nafamostat, and 
camostat. 
	 We used several representative compounds 
of each plant which are known to have pharmaco-
logical benefits (Figure 1). We classified the pros-
pected compounds into 4 groups, the existing drugs 
(lopinavir, nafamostat, camostat), compounds con-
tained in Curcuma sp., Citrus sp., Caesalpinia sap-
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pan, and Alpinia galanga. Lopinavir  is  an  exist-
ing antiviral drug which is now being repurposed 
for SARS-CoV-2 infection treatment, conducted 
in China (Chen and Du, 2020; Cao, et. al., 2020). 
Same   case  different  states happened  with  Na-
famostat and Camostat, existing serine protease in-
hibitors for treating pancreatitis, also proposed for 
its antiviral activity due to its correlation in TM-
PRSS2 inhibition (Thunders and Delahunt, 2020). 
	 The three existing drugs are now under-
going clinical trials expected to be the promising 
cure for SARS-CoV-2 infection. We object to un-

veil the possible potential from Citrus sp., Curcuma 
sp., Caesalpinia sappan, and Alpinia galanga to 
prevent the COVID-19 or other diseases. Hespe-
ridin and diosmin content are apparently approved 
as registered anti-hemorrhoid drugs. With a good 
pharmacokinetic profile and relatively nontoxic, 
hesperidin and diosmin are also possible for being 
re-purposed for any potential indication as they al-
ready possessed a promising in vitro, in vivo, and 
clinical trials history. Curcuminoids major com-
pound found in Curcuma sp. showed its clinical po-
tential also worth promoting as an alternative candi-

Figure 1. Chemical compounds used for the molecular docking screening. Current drug for SARS-CoV-2 ther-
apy (A). Natural compound contained in Alpinia galanga (B). Natural compound contained in Curcuma 
sp.(C). Natural compound contained in Citrus sp. (D). Natural compound contained in Caesalpinia sappan 
(E). ACA: Aceto Cavicol Acetate; DMC: Desmethoxylcurcumin; BDMC: Bisdesmethoxylcurcumin.
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Figure 2. Crystal structure model of TMPRSS2. (A). Structural domain of full length-TMPRSS2 (B). Sequence 
alignment between TMPRSS with serine protease hepsin (PDB ID: 1Z8G) (C). Ramachandran plot of TM-
PRSS2 from homology modelling (D). Structure of TMPRSS2 retrieved from homology modelling using 1Z8G 
as the template and its catalytic site.

date for combating SARS-CoV-2 infection (Utomo, 
et. al.,2020). For additional, brazilin and brazillein 
from Caesalpinia sappan  as  well  as  Acetoxy-
chavicol Acetate (ACA) and galangin from Alpinia 
galanga also showed antiviral activities in compar-
ison with the rest selected compounds (Da’i, et. al., 
2019; Meiyanto and Larasati, 2019). 
	 We cautiously selected certain targets to 
predict the anti-SARS-CoV-2 activity from each 
compound. We used molecular docking with 
4 target receptors including SARS-CoV-2 pro-
tease (PDB:6LU7), Spike glycoprotein-RBD 
(PDB:6LXT), TMPRSS2, and PD-ACE2 

(PDB:6VW1). These receptors are believed to con-
tribute in virus infection in comparison  with  the  
respected known ligand or drugs as references. 
All of the target proteins are available as crystal 
structure in PDB except TMPRSS2. TMPRSS2 is 
a transmembrane receptor  that exists in various  
tissues. This receptor contains a serine protease do-
main that is involved in viral infection.
	 Structural domain of TMPRSS2 consist of 
cytoplasmic domain and extracellular, which TM-
PRSS2 consist of 492 amino acids (Figure 2.A). 
The protease domain is denoted as part of extra-
cellular domain followed by hydrophobic trans-
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Table 1. Docking Score of Natural Compounds towards several potential binding domain of COVID-19.

membrane domain, a stem region and a protease 
domain containing a catalytic amino acid that 
plays an important role for proteolytic activity 
comprising histidine, aspartic acid and serine. 
The autocleavage of 32 kDa serine protease will be 
secreted extracellular to interact with any proteins 
neighboring cells including the extracellular ma-
trix and cell surface proteins (Thunders and Dela-
hunt, 2020; Afar, et. al., 2001). The SARS-CoV-2 
spike glycoprotein is the substrate of TMPRSS2 
which later initiates the entry of SARS-CoV-2 into 
the cell’s host. However, the complete TMPRSS2 
structure specific SARS-CoV-2 to enter the cells 
is unknown yet. Beforehand we validate the crys-

tal structure of TMPRSS2. As the crystal structure 
of TMPRSS2 is not available yet in PDB, we used 
1Z8G that has homology in humans with 417 amino 
acids (Hussain, et. al., 2020; Sakai, et. al., 2014). 
Our homology modelling showed the favorable 
Z-score and over 90 percent of residue fall in the 
core region of Ramachandran plot indicating the 
valid model (Figure 2B & C). In addition, we also 
found the catalytic site of TMPRSS2 consisting of 
His296, Asp345, Asp435, and Ser441 as the impor-
tant binding site for molecular docking study.
	 Docking simulation of all the compounds 
exhibited good interaction with the protein targets 
with various score values (Table 1). Diosmin and 

Plant source  L igand 

Delta Energy Gibbs ( G) (Kcal/mol)  

Protease 
Domain 
(6LU7) 

Spike 
glycoprotein-
RBD (6VSB) 

S2 Subunit 
(6LXT) 

PD-ACE2 
complex -S 

(6VW1) 

TMPRSS2 

- Lopinavir -11.62  -  -  - - 

- Nafamostat  -  -7.17  -  - -11.30 

- Camostat  -  - 7.49  -  - -11.19 

Curcuma longa 

Curcumin  -11.82 -8.39 -8.15 -9.04 -9.91 

DMC -11.21  -6.41  - 6.86  - 8.04 -11.97 

BDMC  -11.51 -8.64 -8.44 -7.48 -10.70 

Citrus sp. 

Tangeretin  -10.55 -8.18 -8.81 -6.51 -11.92 

Hesperetin  -12.36 -9.08 -8.97 -6.71 -12.08 

Hesperidin  -13.51 -9.61 -9.37 -10.67 -12.71 

Nobiletin -10.38  -7.76  -7.07  - 7.88 -10.03 

Naringenin  -12.44 -7.40 -8.65 -7.69 -10.19 

 Diosmin -14.77  -9.48  -9.01  -10.98 -14.16 

Caesalpinia 
sappan 

Brazilein -10.52  -7.56  -8.46  -7.43 -8.67 

Brazilin  -12.36 -7.50 -8.52 -7.49 -7.41 

Alpinia galanga 

Galangin  -12.96 -7.89 -8.88 -7.60 -7.97 

ACA -9.94 -6.05 -6.89 -6.16 -6.28 
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Figure 3. (A). Binding interaction of lopinavir, hesperidin, and diosmin on protease domain of SARS-Cov-2. Pro-
tease domain structure was shown in orange-color surface and ribbon while the compound was in a ball 
and stick-colored atom. (B). Binding interaction of nafamostat, camostat, hesperidin, and diosmin on RBD 
of spike glycoprotein. Trimeric spike glycoprotein was shown on the colored surface while the RBD site 
was highlighted in a dashed line. All of the compound was represented in a ball and stick-colored atom. 

hesperidin show stronger interaction on RBD-S 
(6VSB) compared to other marker compounds of 
Curcuma sp., Sappan wood, galangal, and Citrus 
sp.. Since diosmin and hesperidin perform better 
interaction on RBD-S, the single receptor binding 
domain of Spike Glycoprotein that used to bind on 
Protease Binding Domain of ACE2 (PD-ACE2), 
then we elucidated the molecular sharing interaction 
between the compounds and the target domain. We 

compared both interactions with nafamostat and ca-
mostat which are known to possess binding interac-
tion with the target domain. Diosmin and hesperidin 
showed relatively low binding energy of interaction 
with ΔG of -9.48 and -9.61 Kcal/mol respectively 
compared to nafamostat and camostat  with ΔG of 
-7.17 and -7.49 Kcal/mol respectively. All the com-
pounds could interact with the target domain in the 
same amino acid residues, namely Gly496, but hes-
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Figure 4. (A). Binding interaction of RBD of SARS-CoV-2, hesperidin, and diosmin on protease domain of ACE2. 
ACE2 was shown in orange-colored surface while the RBD was in green-color ribbon. The binding site of 
RBD of SARS-CoV-2 on ACE2 was highlighted in a dashed line. All of the compound was represented in a 
ball and stick-colored atom. (B). Binding interaction of HR2, hesperidin, and diosmin on S2 subunit of 
spike glycoprotein. Trimeric S2 subunit was  shown  in  colored  surface  while  the  HR2 was in green-
color ribbon. The  binding site of  HR2 on  the S2 subunit was highlighted in a dashed line.  All  of  the 
compound  was  represented in a ball and stick-colored atom. (C). Binding interaction of nafamostat, 
camostat, hesperidin, and diosmin on protease catalytic site of TMPRSS2. Structure of TMPRSS2 was shown 
in orange-colored surface while the catalytic site was highlighted in a dashed line. All of the compound 
was represented in a ball and stick-colored atom. 
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Table 2. The chemopreventive properties of diosmin and hesperidin.

peridin and diosmin show additional ionic interac-
tion  at  Ile418 which potentially contribute to the 
stronger binding properties (Figure 4).
	 Nevertheless, we analyzed the model in-
teraction between diosmin and hesperidin on the 
complex structure of RBD-S/PD-ACE2 (6VW1) in 
comparison with other compounds. We found that 
diosmin and hesperidin showed the best interaction 
among the tested compounds with ΔG values of 
-10.98 and -10.67 Kcal/mol respectively (Table 1). 
All the compounds were docked at the same envi-

ronment as the RBD-S position. Some amino acid 
residues that may be interrupted by diosmin and 
hesperidin are Leu45, Tyr41, and Lys353 (Figure 
4A). These complex interactions among the amino 
acid residues could inhibit the recognition of RB-
D-S   to PD-ACE2,  which  is  subsequently   pre-
venting virus infection. 
	 Moreover, we also realized that hesperidin 
and diosmin performed better binding interaction to 
the HR2 binding domain of S2 (S2 sub unit: 6LXT) 
(Figure 4B) compared to other tested compounds. 

 

Diosmin Hesperidin 

Chemopreventive 
activity 

Target Mechanism  R eference  Chemopreventive 
activity 

Target Mechanism  Reference 

Antimicrobial 
Infection (TB MDR) 

Binds to L,D-
transpeptidase (Ldt) 
M. tuberculosis (in 
silico) 

Pushkaran, et. al., 
2019 

Anticancer  Inhibits the 
proliferation of MCF
7 GFP Tubulin cells 
and LNCaP cells. 

Lee, et.al., 
2010 
  

Immunomodulator  IL-1 , IL-8, TNF-  Zaragoza, et. al., 
2020 

 Inhibits T47D cell 
proliferation 

Da’I, et. al., 
2019 

Anticancer  Attenuated the 
damage to lung 
epithelium,  NF-kB, 
COX2, IL-6, Bax, 
cleaved caspase 3, and 
cleaved PARP protein 

Islam, et. al., 2020  Inhibits of Akt and 
NF- B signaling and 
MMP-9, MMP-2 
activation. 

Kongtawelert, 
et. al., 2020 

  TNF- , COX-II 
and MPO and 
caspase-3 

Shalkami, et. al., 
2017 

Cardioprotective  creatine kinase-
muscle/brain, cardiac 
troponin I and  
cardio 
histopathological 
scores 

Saad, et. al., 
2020 

Hepatoprotective 
Cardioprotective 
Nephroprotective 

 IL-1 , IL-6, TNF-  
and  antioxidant 
enzymes 

Abdael-Daim, et. 
al., 2017 

Hepatoprotective  Nrf2 and HO-1, 
antioxidants level.  
HMGB1 protein, I B , 
MMP-9 and C-reactive 
protein. 

Tabeshpour, 
et. al., 2019 

Antidiabetic and 
hiperlipidemic 

Activates I-2R to 
enhance the secretion 
of -endorphin and 
influences metabolic 
homeostasis 

Nephroprotective  urea, uric acid, 
potassium, and follicle-
stimulating hormone 
levels, and NF- B 
immunoexpression 

Abd-Elhakim, 
et. al., 2020 

Hsu, et.al., 2017 



 163

Indonesian Journal of Cancer Chemoprevention, October 2020
ISSN: 2088–0197
e-ISSN: 2355-8989

Besides, they are both also superior in bond strength 
to TMPRSS2 protease like domain among the other 
test compounds (Figure 4C). We found that the 
interaction between TMPRSS2 with diosmin and 
hesperidin are stronger compared to nafamostat and 
camostat showing the ΔG of -14.16 ; -12.71; -11.30 
and -11.19 Kcal/mol respectively. The results show 
that diosmin and hesperidin are prospects to inhibit 
the entry of SARS-CoV-2 into human cells through 
inhibiting TMPRSS2. Then next, we examine the 
possibility of amino acid residues of TMPRSS2 
that are responsible for binding between diosmin 
and hesperidin with the protein target. In this re-
gard, hesperidin and diosmin dock in the same 
amino acid residues environment as nafamostat 
and camostat. His296, GLN438, and Ser441 are 
the three amino acid residues that dominantly share 
interaction with the docking compounds. However, 
diosmin and hesperidin may give  more hydrogen   
binding  than nafamostat  and  namostat resulting  
in  the strengthening of binding interaction. 
	 These findings actually highlighted the po-
tential of selected compounds and medicinal herbs, 
especially diosmin and hesperidin as anti SARS-
Cov-2 by the strong interaction against some in-
dispensable proteins for SARS-CoV-2 infection 
including SARS-CoV-2 protease (PDB:6LU7), 
Spike glycoprotein-RBD (PDB:6LXT), TMPRSS2, 
and PD-ACE2 (PDB:6VW1). For more complete 
consideration, the potential of the compounds to 
overcome or to protect the comorbid diseases of 
COVID-19 should be considered. Several types of 
symptoms and diseases that can aggravate the viral 
infection condition have been noted, for example 
inflammation, damage to the kidneys, liver, cardio-
vascular and respiratory system or digestive tracts 
as well as cancer. 
	 Diosmin elicits an anticancer effect to-
wards lung cancer by attenuated the damage of 
lung epithelium, and reduce inflammation markers 
such as NF-kB, COX2, IL-6, Bax, cleaved caspase 
3, and cleaved PARP protein (Islam, et. al, 2020) 
(Table 2). While hesperidin reported to suppress 

proliferation of breast cancer cells and prostate can-
cer cells (Kongtawelert, et. al., 2020; Lee, et.al., 
2010) (Table 2). Both diosmin and hesperidin also 
reported for its activity to prevent and or suppress 
cardiac myocytes (Saad, et. al., 2020), hepatic cells 
(Tabeshpour, et. al., 2019) and renal cells damages 
(Abd-Elhakim, et. al., 2020; Abdael-Daim, et. al., 
2017) by decreasing proinflammatory cytokines 
(Shalkami, et. al., 2017) which also possibly related 
to its antioxidant activity. Although it is possible to 
use diosmin and hesperidin as a therapeutic agent, 
previous study highlighted that the effect was way 
more significant when it was administered as a pro-
phylaxis to prevent the disease initiation or  pro-
gression (Abd-Elhakim, et. al., 2020). It was also 
mentioned that diosmin effectively prevents TB-
MDR infection by strongly binding to L,D-trans-
peptidase (Ldt) (an essential protein determining M. 
tuberculosis virulence) (Table 2). 
	 Diosmin and hesperidin have been gaining 
popularity globally due to their potential pharma-
cology effect as cardioprotector, hepatoprotector, 
nephroprotector, antivirus, antimicrobial, antidia-
betic, anticancer and influencing immunomodula-
tion activities (Table 2). Either alone or in combi-
nation, they are able play a pivotal role to produce a 
biological and therapeutic action to modulate the ac-
tivities of various targets, depending on their physi-
cochemical and structural properties (Meiyanto and 
Larasati, 2020). Many of stated effects are appar-
ently related to COVID-19 comorbid pathology (de 
Lucena, et. al., 2020). 
	 The  symptoms of  COVID-19 are proven 
to be  worse  in  patients  with  comorbidities.  
According to CDC, patients with  diabetes melli-
tus type 2,  coronary artery disease, heart failure, 
chronic kidney disease, chronic obstructive pulmo-
nary disease, and immunocompromised condition 
are vulnerable to the SARS-CoV-2 infection (Guan, 
et. al., 2020). If diosmin and hesperidin are known 
for its protective activity towards certain organs 
through various mechanisms, we suspect that the 
effect can ease the symptoms and cytokine cas-
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cades of SARS-CoV-2 infection in patient with re-
lated comorbidities. Through these various targets 
we might also draw a pattern of chemopreventive 
activity of diosmin and hesperidin. Furthermore, it 
might be promoted as chemopreventive agents, an 
agent which is able to suppress or prevent either the 
initial stages or progression of a certain disease not 
only for COVID-19.
	 This finding regarding the strong ability of 
diosmin and hesperidin to interact with TMPRSS2 
raises the other benefit of those compounds. TM-
PRSS extracellular domain plays an essential role 
in virus endocytosis towards the host cells. While 
the intracellular  domain is essential for  deter-
mining interaction with cytoskeletal components 
and signaling molecules for self-correcting intra-
cellular traffic peptides. The stem region domain 
acts as a key mediator for protein interaction and 
binding site (Thunders and Delahunt, 2020; Afar, 
et. al., 2001). The catalytic domain might cleave 
cell membrane receptors and extracellular matrices. 
The TMPRSS2 are homologues with 2 types of iso-
form. The isoform II is the 492 amino acids while 
the alternative splicing of its m-RNA might result 
in isoform I (Zmora, et. al.,2015). The fusion of 
TMPRSS2 with ERG (erythroblast-specific-related 
gene), an oncogenic transcription factor, is the most 
common chromosomal aberration in prostate cancer 
and explains the overexpression of the ERG pro-
to-oncogene seen in malignant cells (Murray, et.al., 
2016). The inhibition of TMPRSS2 might lead to 
reduce malignancy in tumor progression. This fact 
may explain the anticancer activity of diosmin and 
hesperidin (Islam, et. al., 2020).
	 Diosmin and hesperidin are the major com-
pounds of Citrus sp. and can be extracted with an 
abundant amount from the peel ranging about 0.2-
2.3% of dried peel. Extraction with the Hydrody-
namic cavitation (HCE) system could be the best 
choice to gain a complex mixture of hesperidin/
diosmin-pectin (Meneguzzo, et. al., 2020). The 
complex hesperidin/diosmin-pectin can be pro-
ceeded further to obtain the purified hesperidin/

diosmin, or complex hesperidin/diosmin-pectin 
dry powder. All of the process to collect the com-
plex pectin only needs several  hours including  the  
preparation of the peel powder with a low cost, 
because it only uses water for extraction. There-
fore, the development of hesperidin/diosmin from 
citrus peel  is  affordable in combating COVID-19  
including its comorbid diseases and even may be 
used as chemopreventive agent for several diseases, 
such as cancer.

CONCLUSION

	 Hesperidin and diosmin perform the best 
binding abilities to TMPRSS, 3CL-pro, S2-RBD, 
and PD-ACE2 that may potential to inhibit the 
Sars-CoV-2 infection and development. Hesperidin 
and diosmin also possess chemopreventive proper-
ties against cancer, cardiovascular diseases, diabe-
tes syndromes, viral infection, inflammatory symp-
toms that beneficial to combat the comorbidities of 
COVID-19 and reduce the fatality risk.
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