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ABSTRACT:  

In this study, the possible interactions of 17 phytochemicals that were reported as the most 

abundant biomolecules of Hibiscus sabdariffa, including many organic acids as well as 

catechin and quercetin derivatives, with 3CLpro and PLpro proteases of SARS-CoV-2 have been 

investigated via molecular docking. Caffeoylshikimic acid/3CLpro showed the lowest binding 

energy (-7.72 kcal/mol) with seven H-bonds. The second-lowest binding energy was computed 

in the chlorogenic acid/3CLpro complex (-7.18 kcal/mol), which was found to form 6 H-bonds. 

Also, low binding energies of cianidanol (-7.10 kcal/mol), cryptochlorogenic acid (-6.67 

kcal/mol), and kaempferol (-6.82 kcal/mol) were calculated to 3CLpro with several H-bond 

interactions. Nelfinavir (-10.16 kcal/mol) and remdesivir (-6.40 kcal/mol), which have been 

used against COVID-19, were obtained to have low binding energies to 3CLpro with 3 H-bond 

formations each. On the other hand, the nicotiflorin/PLpro complex, which had the lowest 

binding energy (-7.40 kcal/mol), was found to have only 1 H-bond interaction. The second-

lowest binding energy was reported in chlorogenic acid/PLpro (-7.20 kcal/mol), which was 

found to possess four H-bonds. On the other hand, epigallocatechin gallate/PLpro, which was 

shown to have a -5.95 kcal/mol binding energy, was found to form 8 H-bond interactions. 

Furthermore, the quercetin pentosylhexoside/PLpro complex was monitored to have low binding 

energy (-6.54 kcal/mol) with 9 H-bonds, which stands as the highest number of H-bonds in all 

complexes. Therefore, several molecules of Hibiscus sabdariffa were found to have strong 

binding affinity to the main proteases of SARS-CoV-2. This study suggests many compounds, 

including caffeoylshikimic acid and nicotiflorin, to inhibit 3CLpro and PLpro activities. As a 

result, numerous chemicals derived from Hibiscus sabdariffa have the potential to be employed 

therapeutically against SARS-CoV-2 infection.  
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INTRODUCTION 

In March 2020, the World Health Organization (WHO) proclaimed a pandemic named 

“Coronavirus disease of 2019” (COVID-19). Since then, the number of new instances has increased 

dramatically. The COVID-19 infection may present with symptoms such as fever, coughing, and 

respiratory illness. Certain critically ill patients may develop pneumonia and/or trouble breathing, 

which may progress to multi-organ failure and death (Deb et al., 2022).  

Seven coronaviruses (CoVs) have been linked to human illnesses so far. Four of these CoVs, 

known as a non-severe acute respiratory syndrome (SARS)-like CoVs, cause mild infections and are 

worldwide endemic, but three highly pathogenic CoVs (SARS-CoV-1, MERS, and SARS-CoV-2) may 

result in fatal disease (Vlachakis et al., 2020).  As a result of the SARS-CoV-2 pandemic, which has 

resulted in COVID19, the healthcare system has been placed under considerable strain (Takeuchi et 

al., 2021).  

CoVs are an enclosed virus family with a large (26-32 kilobases) positive-sense single-stranded 

RNA coding for 29 proteins. The SARS-CoV-2 genome has an overall 80% nucleotide identity with 

SARS-CoV, and the main proteases of these viruses have more than 90% amino acid sequence identity 

(Ghosh et al., 2021). They are found in a broad variety of animals and may infect humans, particularly 

affecting the respiratory, hepatic, and gastrointestinal systems, and even the central nervous systems 

(Shawky et al., 2020).  

Researchers from all around the globe have been experimenting with various methods for 

limiting viral reproduction. Among the several targets, two proteases, papain-like protease (PLpro, a 

domain within Nsp3) and chymotrypsin-like main protease (3CLpro, corresponding to Nsp5), are 

critical for viral replication and are thus regarded as major druggable targets. The proteolytic actions of 

PLpro and 3CLpro produce various non-structural proteins (NSPs), such as RNA-dependent RNA 

polymerase and helicase, that are required in the viral life cycle (Chen et al., 2021).  

PLpro is a domain of Nsp3—a large multidomain protein that is an essential component of the 

replicase-transcriptase complex (RTC). The PLpro exhibits multiple proteolytic activities along with 

many other functions. The enzyme is involved in host cell immune suppression through the 

inactivation of TANK-binding kinase 1 (TBK1) and the inhibition of Toll-like receptor 7 (TLR7) and 

the NF-kappa B signaling pathways (Osipiuk et al., 2021).  SARS and SARS-CoV-2 share a PLpro 

sequence identity of 83% (Solnier et al., 2021). Therefore, it is considered an excellent target for the 

creation of broad-spectrum inhibitors (Amin et al., 2022).  

3CLpro, also known as the main protease (Mpro), functions as a cysteine protease to cleave the 

polyproteins at 11 positions into individual polypeptides essential for viral replication and transcription 

with stringent substrate specificity (Mody et al., 2021). Structure and activity analysis revealed that the 

active site of 3CLpro contains a catalytic dyad. The 3CLpro protease of SARS-CoV-2 shares over 95% 

of its sequence similarity with that of SARS-CoV (Kumar et al., 2020). Given its important role in 

CoV replication, 3CLpro is considered a prominent drug target of antiviral therapy (Chen et al., 2021).  

Several drugs have been screened to inhibit the replication of SARS-CoV-2 so far, including 

anti-viral medications used for other infections, synthesized chemicals, and natural phytochemicals 

(Agrawal et al., 2022). The natural products with promising inhibitory actions against SARS-CoV-2 

are mainly flavonoids, terpenoids, and alkaloids, mostly comprising flavonoid skeletons (Omrani et al., 

2020). Flavonoids are known to possess anti-inflammatory properties in viral illnesses, promoting the 

host immune response (Dong et al., 2014). Flavonoids were also reported to reduce overwhelming 
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inflammatory responses, which are commonly linked with greater fatality rates in SARS-CoV-2 

infections (McKee et al., 2020). 

Hibiscus L. species (red sorrel, Malvaceae) has been traditionally used as food, in herbal drinks, 

in beverages, as a flavoring agent in the food industry, and as herbal medicine. Including more than 

300 species, Hibiscus is widely cultivated in both tropical and subtropical regions (Da-Costa-Rocha et 

al., 2014). Many health benefits of flavonoids and phenolic acids of Hibiscus species have been 

reported, such as antihypertensive, antibacterial, antidiabetic, antioxidant, nephroprotective, 

hepatoprotective, renal/diuretic effects, and anti-cholesterol effects (Hapsari et al., 2021). H. sabdariffa 

is well known and widely consumed as a colorant in herbal tea preparations. It is very popular and 

cultivated in some parts of North Africa, especially in Egypt and Sudan. The samples of H. sabdariffa 

are sold on the market in many countries, including Europe.  Through the use of molecular docking, 

the potential interactions of the main phytochemicals in H. sabdariffa with the 3CLpro and PLpro 

proteases of SARS-CoV-2 were investigated in this study. 

MATERIALS AND METHODS 

In this study, the interactions of the main phytochemicals of H. sabdariffa and antiviral 

medications with corona viral proteases were carried out via molecular docking. The structures of the 

ligand molecules are shown in Figure 1. The compounds and antiviral drugs were selected as the 

ligands, while proteases were selected as the receptors. The polar hydrogens and their charges were 

assigned to the ligands. Then ligands were added to the receptors one by one via Autodock v4.2.6 so 

that the interactions were computed independently (Morris et al., 2009).  The PDB IDs of the receptors 

were taken from the RCSB protein databank as 5R7Y entry (Douangamath et al., 2020) for 3CLpro and 

6W9C entry for PLpro (Osipiuk et al., 2021).  

The RCSB PDB server revealed that the 3C-like proteinase of SARS CoV-2 has a resolution of 

1.65 Å, a total structural weight of 34.37 kDa, and a modeled residue number of 304 (Figure 2a). The 

molecule has one unique protein chain with a sequence length of 306 (Douangamath et al., 2020) . The 

enzyme’s active site contains a catalytic dyad (HIS41, CYS145) where a cysteine residue acts as a 

nucleophile in the proteolytic process and a histidine residue acts as the general acid base 

(Douangamath et al., 2020; Nouadi et al., 2021). On the other hand, the papain-like protease of SARS 

CoV-2 has a resolution of 2.70 Å, a total structural weight of 107.81 kDa, and a modeled residue 

number of 926 (Figure 2b). The molecule has 3 chains: A, B, and C, with a sequence length of 317, 

which has a reported “thumb-palm-fingers” architecture (Osipiuk et al., 2021). The active site of PLpro 

has been shown to have a catalytic triad composed of CYS111, HIS272, and ASP286 (Osipiuk et al., 

2021).   

The visualizer of the Autodock v4.2.6 was used to remove the explicit water molecules from the 

receptors. Then, Zn+, and Cl- ions and dimethyl sulfoxide and N-(2-phenylethyl) methanesulfonamide 

molecules were removed. In the next stage, the lost atoms were repaired in the amino acids. After 

identifying the polar hydrogens, Kollman charges were added and the receptors were prepared in the 

purified form. Another treatment prior to molecular docking was the design of grid parameters. At this 

stage, after the ligand molecule was randomly placed on the receptor molecule through the program, 

the grid-box center of the ligand/receptor model was adjusted to completely cover the ligand molecule 

and the spacing was set to 0.5. After the AutoGrid was built, the docking phase was started. A very 

wide set of docking parameters has been prepared to move the drug molecules over the entire surface 

of the receptors and reveal all possible active sites. For this purpose, after the receptor was set as rigid, 
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hybrid Lamarckian and genetic algorithm parameters were selected and the docking was run by setting 

the number of genetic algorithm runs as 100, the number of evals as long as status a, and population 

size as 300. Thus, docking was carried out suitable for examining possible non-bond interactions such 

as dipole-dipole, H-bond, and hydrophobic interactions. Moreover, whether the driving force was 

electrostatic or van der Waals, was revealed by the root mean square displacement (RMSD) results 

obtained as a result of docking. 

 
Figure 1. The structures of the ligand molecules shown in stick models. The ligands are caffeic acid (a), caffeoylshikimic acid (b), chlorogenic acid (c), 

cianidanol (d), cryptochlorogenic acid (e), cyanidin-3-O-beta-D-sambubioside (f), delphinidin-3-sambubioside (g), epigallocatechin gallate (h), 

hydroxycitric acid (i), isoquercitrin (j), kaempferol (k), nicotiflorin (l), protocatechuic acid (m), quercetin (n), quercetin-3-sambubioside (o), quercetin 

pentosylhexoside (p), rutin (r), lopinavir (s), nelfinavir (t), and remdesivir (u). The colors gray, red, white, blue, yellow and orange represent the elements 

of carbon (C), oxygen (O), hydrogen (H), nitrogen (N), sulfur (S) and phosphorus (P), respectively 

 

Figure 2. The secondary structures of 3CLpro (a) and PLpro (b) displayed in rainbow style with their highlighted catalytic dyad and triad amino acids as 

space filling model (CPK style). 3CLpro is a single chain protease, while PLpro is a bulkier molecule consisting of A, B and C chains 

The free binding energy (BE) calculation was carried out as follows in Equation 1. 

Estimated Free Energy of Binding = (1) + (2) + (3) - (4)                 (1) 

(1): Final Intermolecular Energy = [vdW + Hbond + desolvation Energy] + Electrostatic Energy; (2): 

Final Total Internal Energy; (3): Torsional Free Energy; (4): Represents Unbound System's Energy = 

[(2) Final Total Internal Energy].  
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RESULTS AND DISCUSSION 

In the fight against COVID-19, the first strategy was to test existing broad-spectrum anti-viral 

medications. The second strategy, on the other hand, is using databases to screen molecules for 

potential anti-coronavirus activity. Molecular docking studies are widely employed in drug design to 

better understand the interactions between a receptor and a ligand and the possible bonds between 

them. The number of drug-protein interactions as well as the binding energy score may be used to 

compare the affinity of various compounds to the specific receptor. Compounds with the lowest (most 

negative) score and a suitable hydrogen bond arrangement may be selected as future therapeutic targets 

(Steklac et al., 2021). In the meantime, the inhibition constant is useful for making predictions about 

the necessary dose of the drug.  

In this study, two highly important proteases of CoV, PLpro and 3CLpro were targeted to find the 

possible interactions with the major phytochemicals of H. sabdariffa L., which is also known as red 

sorrel or roselle. 17 compounds were selected for this study that had been reported in the literature as 

the most abundant biomolecules of H. sabdariffa, including many organic acids as well as catechin and 

quercetin derivatives (Izquierdo-Vega et al., 2020) . Within these molecules, delphinidin-3-

sambubioside (C26H29O16
+, MW: 597.5) and cyanidin-3-O-beta-D-sambubioside (C26H29ClO15, MW: 

616.9) are anthocyanins. Caffeic acid (C9H8O4, MW: 180.16) is a hydroxycinnamic acid derivative, a 

member of catechols. Caffeoylshikimic acid (C16H15O8
- MW: 335.28) is a hydroxy monocarboxylic 

acid anion. Chlorogenic acid (C16H18O9, MW: 354.31) is a polyphenol and the ester of caffeic 

acid and quinic acid. Cianidanol (catechin C15H14O6, MW: 290.27) is a polyphenol. Protocatechuic 

acid (3,4-dihydroxybenzoic acid) (C7H6O4, MW: 154.12) is a member of catechols and 

a dihydroxybenzoic acid.   Cryptochlorogenic acid (C16H18O9, MW: 354.31) is a cinnamate ester 

obtained by condensation of trans-caffeic acid with quinic acid.  Epigallocatechin gallate (C22H18O11, 

MW: 458.4) is tea catechin. Hydroxycitric acid (C6H8O8, MW: 208.12) is a citric acid derivative. 

Isoquercitrin (C21H20O12, MW: 464.4) is a conjugate acid of a quercetin 3-O-beta-D-glucopyranoside. 

Kaempferol (C15H10O6, MW: 286.24), is a tetrahydroxyflavone. Nicotiflorin (C27H30O15, MW: 594.5) 

is a rutinoside, a trihydroxyflavone, and a kaempferol O-glucoside. Quercetin (C15H10O7, MW: 

302.23) is a pentahydroxyflavone. The structures of quercetin-3-sambubioside, and quercetin 

pentosylhexoside (C26H28O16, MW: 596.5) are highly close to each other.  Rutin (C27H30O16, MW: 

610.5) also a derivative of quercetin, a tetrahydroxyflavone.   Great differences in the molecular 

weights and structures of the phytochemicals of H. sabdariffa were observed. Also, many compounds 

are quercetin derivatives, with the same number of torsions and aromatic rings. As a result, this work 

demonstrates the consequences of even minor structural variations in ligands on their interaction with 

SARS-CoV-2 receptors.   

All the phytochemicals of H. sabdariffa used in this study were demonstrated to have a negative 

binding affinity against 3CLpro and PLpro, which were graded accordingly to belong to the model with 

the lowest energy. These are shown in Table 1 and Table 2, respectively. On the other hand, lopinavir, 

nelfinavir and remdesivir, were used as the positive controls, which are Food and Drug Administration 

(FDA)-approved drugs. SARS-CoV-2 replication has been reported to be inhibited by nelfinavir 

(Ohashi et al., 2021). Nelfinavir was also shown to interact with the main protease of COVID-19 with 

a -7.30 kcal/mol binding energy (Arif, 2022). Lopinavir, on the other hand, has been generally used in 

combination with ritonavir. However, lopinavir is not recommended any more by the World Health 

Organization (WHO) as a SARS-CoV-2 medication (Cattaneo et al., 2020). Another study reported 

that lopinavir does not possibly interact with the major targets like 3CLpro and PLpro (Wu et al., 2020). 
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In our study, no H-bond interactions between lopinavir and the 3CLpro and PLpro receptors were 

detected. Currently, only remdesivir is recommended by WHO as the SARS-CoV-2  medication 

(WHO, 2022). Remdesivir has been developed in response to the Ebola outbreak in West Africa from 

2014 to 2016. Remdesivir has also been reported to have activity against a wide range of ssRNA 

viruses (Ghanbari et al., 2020). This study verifies the good interaction of remdesivir with 3CLpro and 

PLpro.  

3CLpro/ligands docking analysis 

Compounds with a binding affinity of −6.5 kcal/mol or less are assumed to be better inhibitors of 

SARS CoV-2 (Table 1). Low binding energies of the compounds of caffeoylshikimic acid (-7.72 

kcal/mol), chlorogenic acid (-7.18 kcal/mol), cianidanol (-7.10 kcal/mol), cryptochlorogenic acid (-

6.67 kcal/mol), and kaempferol (-6.82 kcal/mol) were calculated to 3CLpro. The other compounds with 

more than -6.50 binding energies to 3CLpro were found to be caffeic acid, cyanidin-3-O-beta-D-

sambubioside, delphinidin-3-sambubioside, epigallocatechin gallate, hydroxycitric acid, isoquercitrin, 

nicotiflorin, protocatechuic acid, quercetin, quercetin-3-sambubioside, quercetin pentosylhexoside, and 

rutin. In the meantime, the interactions of antiviral drugs with 3CLpro were also studied. As expected, 

low binding energies of lopinavir (-6.74 kcal/mol), nelfinavir (-10.16 kcal/mol), and remdesivir (-6.40 

kcal/mol) were obtained for 3CLpro. In this study, no compounds have been shown to possess better 

affinity than nelfinavir, which was found to have the lowest binding energy (-10.16 kcal/mol) to 

3CLpro. Caffeoylshikimic acid, chlorogenic acid, cianidanol, and kaempferol, on the other hand, had a 

higher binding affinity to 3CLpro than lopinavir and remdesivir.  

Table 1. The binding energies, inhibition constants and H-bonds between the ligands and 3CLpro protein 

Ligand molecules Model BE (kcal/mol) IC (µM) Detected H-bonds (Å) 

caffeic acid 88 -5.77 59.13 

VAL303(1.790,1.938) 

GLN299(2.236) 

MET6(2.028) 

caffeoylshikimic acid 52 -7.72 2.20 

ASN142(1.84, 2.097) 

THR190(1.875, 1.985) 

GLN192(1.905) 

GLU166(2.049) 

HIS163(1.884) 

chlorogenic acid 8 -7.18 5.45 

ASN142(1.684, 2.039) 

THR190(1.703, 1.923) 

HIS163(2.073) 

GLN192(1.771) 

cianidanol 88 -7.10 6.29 

MET6(2.001) 

ASP295(2.028) 

VAL303(2.049) 

THR304(2.0, 2.101) 

cryptochlorogenic acid 34 -6.67 12.96 

GLN192(1.685) 

GLN189(2.082) 

THR190(2.122) 

CYS44(2.056) 

cyanidin-3-O-beta-D-sambubioside 9 -4.28 725.07 

LYS137(1.937) 

GLN127(1.757, 2.157, 2.212) 

VAL125(1.98, 2.092) 

SER123(1.951) 

SER139(1.767) 

delphinidin-3-sambubioside 70 -5.00 216.12 

CYS44(2.029) 

ASN142(2.042, 2.127) 

ARG188(1.942) 

epigallocatechin gallate 6 -6.40 20.41 

THR190(1.839, 1.877) 

GLN192(2.055) 

GLU166(1.883) 

LEU141&SER144(2.016) 
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The hydrogen bond is an intermolecular force that keeps two or more molecules together and is 

required for the stability of protein-ligand interactions (Gouhar et al., 2021). As shown in Table 1, the 

caffeoylshikimic acid/3CLpro complex model 52 revealed seven H-bonds with the lowest binding 

energy (-7.72 kcal/mol). Chlorogenic acid/3CLpro complex, which has the second lowest binding 

energy, was found to form six H-bonds. Cianidanol/3CLpro and kaempferol/3CLpro complexes 

exhibited 5 H-bonds and 4 H-bonds, respectively. However, the hydroxycitric acid/3CLpro model with 

the highest binding energy (-4.19 kcal/mol) was observed to reveal two H-bonds. One bond was with 

THR280 at a distance of 2.162 Å and the other with GLY283 at 1.803 Å. A variable number of H-

bond interactions between quercetin and its derivatives with 3CLpro were recorded. Also, the binding 

energies were shown to be moderately different. In the meantime, numerous studies have found 

quercetin and its various derivatives to have strong binding affinities with 3CLpro. In particular, the 

importance of hydroxyl groups was highlighted for the occurrence of H-bond interactions (Mouffouk 

et al., 2021). Furthermore, quercetin, one of the most important plant molecules, was reported to 

interact with the S protein–human ACE2 receptor interface, thereby, being found to be capable of 

interfering with SARS-CoV-2 replication. The pharmacological activities of quercetin include 

antiviral, anti-atopic, pro-metabolic, and anti-inflammatory effects (Derosa et al., 2021). Therefore, 

quercetin and its derivatives could be good candidates to fight against COVID-19.  

Another issue that draws attention in Table 1 is the results of the anti-viral drugs that make up 

the last 3 rows. According to these results, the binding affinity of nelfinavir was determined to be the 

highest of all to the 3CLpro receptor. As a matter of fact, the energy of the model numbered 49 was 

recorded as the lowest, at -10.16 kcal/mol. Nelfinavir was also discovered to generate three H-bonds 

with 3CLpro. These are produced between the H atom of the ligand and the O atom of the receptor 

Table 1. The binding energies, inhibition constants and H-bonds between the ligands and 3CLpro protein (Continued) 
 

hydroxycitric acid 70 -4.19 855.65 
THR280(2.162) 

GLY283(1.803) 

isoquercitrin 94 -5.76 60.03 

GLN83(1.754, 1.835) 

GLU178(1.873, 2.044) 

LYS88(1.894, 2.216) 

TYR101(1.887) 

kaempferol 56 -6.82 10.08 

LYS12(2.15) 

ASP33(2.024) 

PRO96(2.006) 

THR98(2.083) 

nicotiflorin 90 -5.38 113.27 

ASN142(2.248) 

GLY143(2.086) 

GLU166(2.102) 

GLN189(2.127) 

protocatechuic acid 58 -5.03 204.15 

GLU166(1.94) 

GLN192(1.752) 

THR190(1.754, 1.833, 2.154) 

quercetin 1 -6.14 31.57 MET6(2.04) 

quercetin-3-sambubioside 34 -5.05 200.16 

LEU141(1.899) 

GLU166(1.743, 2.105) 

GLN189(1.888) 

quercetin pentosylhexoside 68 -6.48 17.65 TYR154(2.248, 2.249) 

rutin 43 -5.28 134.99 

GLN189(1.933, 2.067, 2.246) 

HIS163(2.183) 

ASN142(2.16) 

PHE140(2.04) 

lopinavir 85 -6.74 11.43 - 

nelfinavir 49 -10.16 0.04 
GLN299(1.991) 

VAL303(1.878, 1.999) 

remdesivir 87 -6.40 20.20 

SER46(1.939) 

HIS164(2.079) 

GLU166(1.779) 



Emel AKBABA & Deniz KARATAŞ 13(2), 872-888, 2023 

Phytochemicals of Hibiscus sabdariffa with Therapeutic Potential against SARS-CoV-2: A Molecular Docking 

Study 

 

879 

(around 2 Å). The binding energy of the remdesivir/3CLpro complex with 87 as the model number was 

found to be -6.40 kcal/mol. In this model, three H-bonds were seen at around 2 Å. Two H bonds were 

detected between the H atom of the ligand and the O atom of the receptor. The other H bond was 

occurred between the O atom of the ligand and the H atom of the receptor. In a recent study, the 

interaction of remdesivir and the 3CLpro complex was reported to have a -8.2 kcal/mol binding energy 

with many H-bonds (Naik et al., 2021). Interestingly, no bond formation was followed-up in the 

lopinavir/3CLpro complex in which a -6.74 kcal/mol binding free energy was shown at model number 

85. However, hydrophobic interactions of the lopinavir/3CLpro complex were observed at the amino 

acids of MET49, MET165, and LEU141. 

Considering all these results, it can be pronounced that the interactions are increased and become 

more frequent at GLN192, GLN189, THR190, GLU166, HIS163, LEU141, and SER144 amino acids 

in the ligand/3CLpro receptor complexes. These residues are not in the catalytic dyad, but highly close 

to this area of 3CLpro. Thus, it may be concluded that the ligands investigated in this work, particularly 

caffeoylshikimic acid and chlorogenic acid, interact with 3CLpro in a location closer to the catalytic 

dyad.  

Another remarkable column in Table 1 belongs to the inhibition constant (IC). The more 

negative binding energy and smaller value of IC imply a best docking score (Singh et al., 2022). The 

most striking finding in Table 1 is that the inhibition constant values decrease as the binding energies 

fall. For example, the lowest binding energy belongs to the nelfinavir/3CLpro model (-10.16 kcal/mol), 

which has a 0.04 µM IC value. On the other hand, the IC value of remdesivir/3CLpro (-6.40 kcal/mol) 

was calculated to be 20.20 µM. The IC values of caffeoylshikimic acid, chlorogenic acid, cianidanol, 

and kaempferol were computed to be 2.20, 5.45, 6.29, and 10.08 µM, respectively. Therefore, the 

abovementioned molecules were shown to have low binding energies with low IC values, leading to 

high binding affinities to 3CLpro. On the contrary, the highest binding energy was found to be -4.19 

kcal/mol belonging to the hydroxycitric acid/3CLpro model, which has an 855.65 µM IC value, leading 

to a low binding affinity. This trend was also followed for all models. Additionally, the decreasing 

inhibition state was observed throughout the 100-step docking of all models, in contrast to the 

increasing interaction state.  

PLpro/ligands docking analysis 

The molecular docking revealed that among the 17 chemical compounds tested, 7 of them 

possess a low binding energy (-6.50 kcal/mol or less) and therefore have a good interaction with PLpro 

(Table 2). The compounds of caffeoylshikimic acid (-6.73 kcal/mol), chlorogenic acid (-7.20 

kcal/mol), cianidanol (-6.85 kcal/mol), delphinidin-3-sambubioside (-6.66 kcal/mol), kaempferol (-

7.07 kcal/mol), nicotiflorin (-7.40 kcal/mol), and quercetin pentosylhexoside (-6.54 kcal/mol) owned 

the binding energies of -6.50 kcal/mol and less with PLpro. Nicotiflorin was shown to have the lowest 

binding energy (-7.40 kcal/mol). On the other hand, the binding energies between lopinavir (-8.33 

kcal/mol), nelfinavir (-9.10 kcal/mol) and remdesivir (-7.80 kcal/mol) with PLpro have been 

demonstrated to be lower than any other ligand.  
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Table 2. The binding energies, inhibition constants and H-bonds between the ligands and PLpro protein 

Ligand molecules Model BE (kcal/mol) IC (µM) Detected H-bonds (Å) 

caffeic acid 85 -5.77 59.38 
THR74C(1.774) 

LEU80C(1.812) 

caffeoylshikimic acid 60 -6.73 11.76 

TYR251B(1.975) 

LYS217B(2.026) 

LYS306B(1.852,1.915) 

chlorogenic acid 53 -7.20 5.24 

ASP76A(2.004) 

LEU80A(2.029) 

ARG65A(1.841) 

LYS43B(1.939) 

cianidanol 72 -6.85 9.49 
THR74B(1.945) 

LEU80B(2.032) 

cryptochlorogenic acid 5 -6.04 37.49 

THR75B(1.858) 

PRO77B(2.019) 

LEU80B(2.001) 

LYS45C(2.105) 

cyanidin-3-O-beta-D-sambubioside 7 -5.12 177.57 

GLU161A&THR158A(2.047) 

GLN269C(1.764) 

ASN109C(2.084,2.093) 

LEU162C(2.09) 

delphinidin-3-sambubioside 17 -6.66 13.24 

GLY163B(1.823) 

GLU167B(1.959, 2.197) 

LYS157B(2.036) 

ASP108C(1.890, 2.138) 

epigallocatechin gallate 93 -5.95 43.42 

LYS217B(2.075, 2.112) 

THR257B(1.986) 

LYS306B(2.196) 

GLY256B(1.962) 

GLU307B(1.841, 1.842) 

ASN308B(1.174) 

hydroxycitric acid 70 -3.63 2170.00 

THR257B(2.023) 

LYS254B(2.183) 

TYR251B(1.83) 

GLU214B(1.915) 

TYR305B(1.972, 1.994) 

isoquercitrin 2 -6.31 23.80 

LYS43A(1.915, 1.952) 

ARG65C(1.929) 

THR75C(2.244) 

LEU80C(2.054) 

kaempferol 68 -7.07 6.53 

THR158A(1.824) 

ASP108B(1.903) 

LYS157B(2.25) 

LEU162B(1.978) 

ASN109C(2.121) 

nicotiflorin 80 -7.40 3.75 LYS43C(1.766) 

protocatechuic acid 32 -5.42 105.86 
THR74C(1.846) 

LEU80C(1.688) 

quercetin 88 -6.25 26.11 

THR74B(2.01) 

LEU80B(2.03) 

LYS43C(2.139, 2.141) 

quercetin-3-sambubioside 63 -5.36 118.50 
ASP108B(1.89) 

ASN109C(1.678) 

quercetin pentosylhexoside 53 -6.54 16.06 

LYS92A(1.877, 1.997) 

LYS105A(1.571) 

TRP106A(1.927) 

ASP108A(1.806, 2.171) 

ASP286A(1.897, 2.011) 

ALA288A(2.058) 

rutin 75 -5.85 51.85 

GLN195A(2.061, 2.173) 

GLN196A(1.865, 1.870, 2.143) 

CYS192A(1.926, 2.243) 

lopinavir 25 -8.33 0.79 - 

nelfinavir 4 -9.10 0.21 LEU162B(1.932) 

remdesivir 48 -7.80 1.90 
THR75A(1.78) 

LYS45B(2.144) 
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The H-bonds in the ligand-receptor complex explain more about the binding affinity. In this 

regard, the nicotiflorin/PLpro complex, which unveiled the lowest binding energy at a model number of 

80, was found to form only 1 H-bond with 1.766 Å. Chlorogenic acid/PLpro complex, which has shown 

the second lowest binding energy at a model number of 53, was found to form four H-bonds. On the 

other hand, epigallocatechin gallate/PLpro with model number 93, which was shown to have a -5.95 

kcal/mol binding energy, was found to possess 8 H-bond interactions. In the meantime, the quercetin 

pentosylhexoside/PLpro complex with model number 53 was depicted to have low binding energy (-

6.54 kcal/mol) with 9 H-bonds, which stands as the highest number of H-bonds in all complexes. 

Clearly, the H-bond interactions of our ligands, especially quercetin pentosylhexoside with PLpro, 

suggest a high binding affinity. Interestingly, H-bond formations between the antiviral drugs and the 

PLpro receptor complex were detected to be low in number. This fact was followed throughout the 

docking procedures for all 100 conformations. For example, the nelfinavir/ PLpro complex with the 

lowest binding energy (-9.10 kcal/mol) was found to have only 1 H-bond with a distance of around 2 

Å. This H bond occurred between the O atom belonging to the aromatic –OH of the ligand and the H 

atom of the receptor. On the other hand, two H-bonds consisted of remdesivir/PLpro complex. One of 

the H bonds was found between the H atom of the ligand and the O atom of THR75A. The other H 

bond was seen between the H atom of LYS45B and the O atom of the remdesivir. In the lopinavir/ 

PLpro complex, no H-bond formation appeared, however, hydrophobic interactions at GLY160A, 

LEU162A, VAL159B, GLY160B, LEU162B, GLY160C, and LEU162C amino acids in which 

different types of chains were monitored. Another important result in Table 2 is that the H-bond 

interactions increase and become more frequent in the regions of LYS43B and LYS43C, LEU80B, 

LEU80C, and LEU162B amino acids of the PLpro receptor for all ligand molecules. Accordingly, it can 

be suggested that the most favorable polypeptide chains are B and C chains. On the other hand, IC 

values decreased, in contrast to increasing interaction as in the previous model. For example, the IC 

value of 0.21 µM for the nelfinavir/PLpro model was calculated as 2170 µM for the hydroxycitric 

acid/PLpro model, which has the lowest interaction.  The IC value of nicotiflorin, on the other hand, 

was determined to be 3.75 µM which is the closest value to the one with remdesivir. Also, our ligands 

with low binding energies revealed low IC values such as chlorogenic acid (5.24 µM) and kaempferol 

(6.53 µM), suggesting high binding affinities. 

For a better understanding of the data in Tables 1 and 2, the interactions of the most favorable H. 

sabdariffa components in both ligand/receptor models and those of antiviral drugs are illustrated in 

Figures 3 and 4. It is clear from Figure 3 that strong interactions between caffeoylshikimic acid, 

chlorogenic acid, cianidanol, cryptochlorogenic acid, epigallocatechin gallate, kaempferol, and 

quercetin pentosylhexoside with 3CLpro were monitored. Also, good interactions of nelfinavir and 

remdesivir (Figure 3i and Figure 3j) which have been already proven to be anti SARS-CoV-2 

medications, were determined. However, the illustration of the lopinavir/3CLpro complex evidently 

shows no H-bond formations as seen in Figure 3h.  
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a.  b.  

c.  d.  

e.  f.  

g.  h.  

i.  j.  

Figure 3. The interactions of ligands/3CLpro models. The ligands are caffeoylshikimic acid (a), chlorogenic acid (b), cianidanol (c), cryptochlorogenic acid 

(d), epigallocatechin gallate (e), kaempferol (f), quercetin pentosylhexoside (g), lopinavir (h), nelfinavir (i), remdesivir (j) 

Figure 4a-4g illustrates the interactions of caffeoylshikimic acid, chlorogenic acid, cianidanol, 

delphinidin-3-sambubioside, kaempferol, nicotiflorin, and quercetin pentosylhexoside with PLpro. 

Strong interactions of the abovementioned molecules with PLpro were revealed. Additionally, 

nelfinavir/PLpro and remdesivir/PLpro revealed strong H-bond interactions, however, like in the 

previous illustration, lopinavir/PLpro interaction was observed to be weak, as seen in Figure 4h. 
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a. b.  c. 

d.  
e. 

f.  

g. h.  i.  

 

j.  

 

Figure 4. The interactions of ligands/PLpro models. The ligands are caffeoylshikimic acid (a), chlorogenic acid (b), cianidanol (c), delphinidin-3-

sambubioside (d), kaempferol (e), nicotiflorin (f), quercetin pentosylhexoside (g), lopinavir (h), nelfinavir (i), remdesivir (j) 

Looking at all the docking models, it was noted that the driving force of the interaction was non-

bond interactions. In this regard, van der Waals interactions were monitored to be the most 

contributing interactions, however, the electrostatic interactions remained at minimal levels. For 

example, in the nelfinavir/3CLpro complex, van der Waals interactions were found to be -13.57 

kcal/mol, while electrostatic interaction was shown to be -0.17 kcal/mol. Similarly, in the 
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nelfinavir/PLpro complex, van der Waals and electrostatic interactions were calculated to be -12.55 

kcal/mol, and -0.13 kcal/mol, respectively.  

The interaction energies of the ligands/receptors were not detected in parallel with the molecular 

weight. For example, the binding energy of rutin/3CLpro, which is the bulkiest ligand of all, was found 

to be -5.28 kcal/mol, while it was found to be -5.03 kcal/mol for the smallest ligand, protocatechuic 

acid. This phenomenon is also correct for ligands/PLpro receptor complexes. In the meantime, the 

interaction energies of quercetin-3-sambubioside and quercetin pentosylhexoside, the ligands highly 

similar in structure, were found to be moderately different with both receptors. Also, the former has 

been shown to have 2 H-bonds with PLpro, while the latter has 9 H-bonds. Therefore, even a small 

difference in the structure changed the interaction tremendously.  

Rutin (quercetin-3-O-rutinoside) was already co-crystallized with 3CLpro (Shawky et al., 2020). 

In our study, the binding energy of rutin/3CLpro with model number 43 was computed to be -5.28 

kcal/mol. A strong interaction between rutin and 3CLpro was demonstrated with 7 H-bonds with 134.99 

µM as the inhibition constant. In the meantime, the rutin/PLpro complex owned a binding energy of -

5.85 kcal/mol with 3 H-bonds, and a 51.85 µM IC value. Strong interactions of rutin with both 

receptors were shown, as illustrated in Figure 5. Although the IC values of both complexes are 

relatively high, the high number of H-bonds could result in a strong interaction between rutin and the 

proteases. These results highlight the importance of H-bonds in ligand/receptor complexes. Also, it is 

clear from Figure 1r and Figure 1l that rutin and nicotiflorin have a structural similarity with the same 

molecular formula. Additionally, the binding energies and H-bonds of the nicotiflorin/3CLpro and 

rutin/3CLpro models were found to be highly close (Table 1). Therefore, a strong interaction between 

nicotiflorin and 3C-pro can be proposed. In the meantime, the moderately low binding energy of 

nicotiflorin/PLpro was determined with only 1 H-bond and a low IC value (3.75 µM). However, the 

rutin/PLpro model was seen to have a high binding energy as compared to the previous model, with 7 

H-bonds and an IC value of 51.85 µM. In this regard, nicotiflorin possesses a high binding affinity for 

PLpro, suggesting a better candidate to inhibit PLpro activity.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The H-bond interactions of rutin/3CLpro (a), and rutin/PLpro (b) models 

Recently, several plant-based compounds have been reported to possibly interact with 

coronavirus receptors. From these studies (+)-lariciresinol 9′-p-coumarate (-15.12 kcal/mol), β-

sitosterol acetate (-14.14 kcal/mol), sesquipinsapol B(-13.39 kcal/mol),  and campesterol (-13.25 

kcal/mol) which are the compounds of softwood bark were reported to exhibit excellent docking scores 

with the receptor 3CLpro (Jablonsky et al., 2022). In another study, the phytochemicals of 

broussoflavan A (-91.22 kcal/mol), dieckol (-73.11 kcal/mol), hygromycin B (-62.48 
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kcal/mol), sinigrin (-65.08 kcal/mol), and theaflavin-3,3′-digallate (-76.85 kcal/mol) were reported to 

exhibit excellent SARS-CoV-2 3CLpro inhibitors (Al-Sehemi et al., 2022). The binding affinities of the 

abovementioned compounds with 3CLpro were found to be better than the compounds studied in this 

research.  Furthermore, ribavirin (PDB code: 3e9s) was reported to have very low binding energy (-

38.58 kcal/mol) with PLpro. Many H-bonds were reported in the complex, suggesting a strong 

interaction between ribavirin and PLpro (Wu et al., 2020). On the other hand, the antiviral drug 

zanamivir (-8.843 kcal/mol), and anti-cancer drug carfilzomib (-8.924 kcal/mol) were reported to 

reveal low binding energies to 3CLpro. However, adeflavin that is a medicine for B2 deficiency and 

coenzyme-A was shown to reveal even better docking score (-10.339 kcal/mol). Remdesivir, on the 

other hand, has been reported to have a -7.215 kcal/mol binding energy to 3CLpro (Hall et al., 2020). 

However, in our study we have shown a binding energy of -6.40 kcal/mol between remdesivir and 

3CLpro.  

Previously, H. sabdariffa bioactive compounds were recommended to block coronavirus binding 

(Parga-Lozano, 2020).  Hibiscus noldeae, another species traditionally used for respiratory diseases, 

was recently reported to be fractioned and some of the bioactive compounds were isolated.  The 

fractions and isolated compounds (caffeic acid and isoquercetin) of H. noldeae were shown to possess 

anti-inflammatory activities. These compounds and the fractions were reported to have significant 

inhibitory effects on caspase-1 activities, and on IL-1β and IL-6 production (Tomani et al., 2020). 

Some of the compounds of Hibiscus have been illustrated so far to interact with CoV. Delphinidin 3-O, 

(6´´-O-malonyl)-beta-D-glucoside-3´-O-beta-D-glucoside (-11.624), cyanidin-3,5-diglucoside (-

9.754), and delphinidin-3-sambubioside (-11.061) from H. sabdariffa was reported to have interactions 

with 3CLpro. In our study, a -6.66 kcal/mol binding energy of delphinidin-3-sambubioside/PLpro 

complex with six H-bonding interactions were determined. Also, a -5.00 kcal/mol binding energy of 

delphinidin-3-sambubioside/3CLpro complex with four H-bond formations were detected. Furthermore, 

gallocatechin galllate and epigallocatechin gallate were shown to interact with 3CLpro of which galloyl 

moiety was found to be important for the binding to the 3CLpro active site pocket (Nguyen et al., 

2012). Our study is in parallel to the aforementioned study, with the demonstration of the low binding 

energy of epigallocatechin gallate/3CLpro and many H-bond interactions. Additionally, synthetic 

catechin derivatives were reported to interact with 3CLpro (PDB ID: 6LU7) with a -8.0 kcal/mol 

binding energy as the lowest value (Arif, 2022). 

CONCLUSION 

In this study, we investigated the interactions of 17 major compounds of H. sabdariffa with 

3CLpro and PLpro, the main proteases of SARS-CoV-2. For the targets of both 3CLpro and PLpro, 

caffeoylshikimic acid, chlorogenic acid, cianidanol, and kaempferol have been demonstrated to 

possess binding affinities of −6.5 or less. The lowest binding energies and the presence of H-bond 

interactions in our ligands of caffeoylshikimic acid, chlorogenic acid, and cianidanol with the 3CLpro 

complex indicate the existence of strong interactions between these 3 natural compounds and our 

target protein. For the ligands/ PLpro complexes, chlorogenic acid, delphinidin-3-sambubioside and 

quercetin pentosylhexoside with the PLpro complex exhibited the lowest binding energies and higher 

H-bond interactions. It was observed that the driving force of both ligand/receptor models was non-

bond interactions, and the greatest contribution was aroused by van der Waals interactions. On the 

other hand, electrostatic interactions remained minimal at the zero level. This study demonstrates that 

many phytochemicals of H. sabdariffa could possibly interact with the main proteases of SARS-CoV-
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2, namely 3CLpro and PLpro. Therefore, this study suggests that most of these phytochemicals inhibit 

the activities of 3CLpro and PLpro.  
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