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ABSTRACT 

Stem and bark of the tree Terminalia arjuna Wight &Arn. (Combretaceae) has been documented 

to exhibit therapeutic properties like cardiotonic, anticancer, antiviral, antibacterial, antifungal, 

hypocholsteremic, hypolipidemic and anti-coagulant. In previous studies, ethanolic extract of 

T.arjunabark effectively inhibited catalase activity along with demonstration of DPPH radical 

scavenging activity. Further,four known oleananetriterpenoids type compounds viz., oleanolic 

acid, arjunolic acid, arjunolitin, arjunetin were isolated from ethaolic bark extract and the 

structures of which were elucidated using 1H, 13C NMR, HR-ESIMS, IR and compared with 

literature data. Of the various compounds, Arjunetin showed significant inhibition of catalase 

activity as compared to the other compounds and most probably conferring antibacterial and 

antiviral property of the extract.  In the present study, considering the currently on going viral 

pandemic of SARS-CoV-2 and the need for an effective antiviral agent, T.arjuna with its 

cardioprotective ability and inhibitory action against catalase presents to be a promising 

candidate against the virus. Molecular docking studies showed that arjunetin binds to protease of 

SARS-CoV-2 (3CL, PL andRdRP) and had higher binder energy values (3CL, -8.4 kcal/mol; PL, 

-7.6 kcal/mol and RdRP, -8.1 kcal/mol as compared with FDA approved protease inhibitor drugs 

lopinavir (3CL, -7.2 kcal/mole and PL -7.7 kcal/mole) and Remdesivir (RdRP -7.6 kcal/ mole). 

We conclude that there is profound evidence of arjunetin as a potential protease inhibitor of 

SARS-CoV-2 which is comparable to FDA approved antivirals Lopinavir and Remdesivir and 

can serve as a candidate for drug development against SARS-CoV-2. 

KEY WORDS:Terminalia   arjuna, DPPH scavenging, catalase inhibition, SARS-CoV-2, 

protease, arjunetin, molecular docking 
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1. INTRODUCTION 

The World Health Organization reported thatinfectious diseases caused by pathogenic 

microorganism account for about 25% of the total annual deaths that occur worldwide, both in 

developed as well as developing countries, the incidence being higher in developing nations1. In 

the present time, drastic changes in climate and increasing levels of pollutants in the atmosphere 

result in accelerating the rate of genetic mutations in these microorganismsthereby increasing 

their infectivity. Climate change also increases the contact of insect vectors and animal reservoirs 

of pathogens with humans, resulting in emergence of new diseases which are unresponsive to 

available treatment regimes. Overuse of antibiotics also leads to emergence of multi-drug 

resistant strains that are hard to eliminate. Therefore, discoveryof new and novel antibacterial 

and antivirals coupled with better understanding the mechanism of action is the present challenge 

in research.  

In this aspect, plant derived phytochemicals can offer new direction in development of methods 

for disease control. Traditional systems of medicine such as Ayurveda, Siddha, or Unani have 

depended on natively available flora for treatment of almost all kinds of maladies since centuries. 

Terminaliaarjuna(TA) (Family: Combretaceae), a tree native to Indian subcontinent, is 

extensively used in many of traditional forms of medicine for the treatment of hypertension and 

coronary heart diseases2earning it the epitaph of “Guardian of the heart”. It is known to confer 

cardioprotective properties such as strengthening heart muscles and improving functioning of 

cardiac muscles, thereby alleviating heart failure, angina and hypercholesrolemia.Stem and bark 

of this plant exhibits various other therapeutic properties such asexpectorant, 

antidysentric,purgative, laxative and have been also used to treatleucoderma, anaemia, 

hyperhidrosis,asthama and tumors3. In addition,it has also been reported that the bark of 

T.arjunaalso possesses good anticancer, antiviral andantimicrobial activities4-6.It has been 
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hypothesized that the cardioprotective activity of TA bark extracts are likely by the activation of 

endogenous antioxidant molecules by triterpenesnamely arjunolic acid.7-9. However, knowledge 

on the mode of action of the component in the bark/stem that confers antimicrobial activity is 

lacking in literature. 

Previous studies carried on elucidation of properties of T.arjuna showed that catalase activity 

was inhibited by ethanolic bark extract in vitro.10 The enzyme catalase is one of the endogenous 

antioxidant defense systems that helps in decreasing accumulation of reactive oxygen by 

decomposing hydrogen peroxide during cellular metabolism to water and molecular oxygen. It is 

postulated that catalase activity protects pathogens from inactivation by reactive oxygenspecies 

(ROS) in eukaryotic systems, making it a potential virulence factor in many bacterial 

pathogens.Studies have shown that catalase facilitates intracellular survival of bacterial 

pathogens such as Mycobacterium tuberculosis11,Campylobacter jejuni12,Helicobacter 

pylori13andHerpes Simplex Virus14. It has been also reported that increased serum catalase 

activity may also alter immune function, viral replication, and/or repair processes15,16.In this 

regard, the catalase inhibitor in T. arjuna extract necessitates further research.  

We believe T. arjuna stands as a strong contender for development of an effective therapeutic 

agentfor the current pandemic respiratory disease, COVID-19 which emerged in December 2019 

and has been spreading at a rapid rate all over the world with high rate of infectivity and 

mortality. The viral pathogen, SARS-CoV-2, appears to spread more efficiently, making it 

difficult to contain and increasing its pandemic potential17,18.  One of the important pathological 

aspect of COVID 19 is its effect on cardiovascular system and T. arjuna has well documented 

cardio protective properties, making it an excellent match. Catalase inhibition is another 

important aspect which has been shown to inhibit viral replication and spread.Literature shows 
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that bark extract of T.arjuna possesses anti-herpesvirus activity in inhibiting viral attachment and 

penetration and also disturbing the late event of infection19. 

Consolidating information available from literature and experiments conducted in our lab on 

T.arjuna extracts, it is evident that T.arjuna can be regarded as an apt candidate in the search of 

antivirals against COVID-19. In this study, different solvent extracts of TA and the purified 

compounds from ethanol extracts have been evaluated for their effect on catalase activity.Also, 

molecular docking studies of isolated compound from ethanolic bark extract with have been 

carried out on protease of SARS-CoV-2.With no antivirals or vaccines developed till datefor the 

epidemic, the present study will serve as a frontier for the muchneeded research on drug 

development for COVID-19.  

2. RESULTS AND DISCUSSION  

2.1 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) Free Radical Scavenging Assay 

DPPHis stable free radical used widely to study scavenging activities of antioxidants that can 

donate a hydrogen atom. The unpaired electron in DPPH becomes paired in the presence of a 

free radical scavenger (antioxidant) and the extent of decrease in DPPH absorption is 

proportional to the concentration of radicals scavenged, according to principle of Blois. This 

change in absorbance produced by this reaction forms the basis of tests to determine ability of 

compounds to act as free radical scavengers. In this study, the free radical scavenging property of 

T. arjuna bark, extracted in various solvents, was analyzed by UV-Visible spectroscopy and EPR 

spectroscopy as described below:    

2.1.1 DPPH Assay with UV-Visible Spectrophotometer 

Scavenging of DPPH radicals, which have maximum absorption at 519 nm in ethanol by 

antioxidants, results in a decrease in absorption over time which can be monitored using a UV-
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visible spectrophotometer at room temperature. Scavenging capacity can be represented as % 

ion of DPPH radical. In this study, marked decline of the absorption intensity at 517 nm 

was observed after adding 10µl of T.arjuna bark extracted in various solvents (hexane, 

chloroform, ethyl acetate, acetone, ethanol and water) individually to DPPH solu

from different bark extracts were compared with that from ascorbic acid, a known antioxidant

various time intervals (Figure 1a-f).The decrease in absorption could be attributed to the 

phytochemicals in the bark extracts which donates protons to DPPH and decolorize it. 

   

visible spectrophotometer at room temperature. Scavenging capacity can be represented as % 

ion of DPPH radical. In this study, marked decline of the absorption intensity at 517 nm 

bark extracted in various solvents (hexane, 

chloroform, ethyl acetate, acetone, ethanol and water) individually to DPPH solution. The results 

from different bark extracts were compared with that from ascorbic acid, a known antioxidant, at 

f).The decrease in absorption could be attributed to the 

protons to DPPH and decolorize it.  
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 Figure 1. DPPH radical scavenging activity with different extracts by UV/vis (a) Hexane (b) 
Chloroform (c) Ethyl acetate (d) Acetone (e) Ethanol (f) Water. 

 

It was found that the extracts varied significantly in terms of antioxidant activity. Ethanolic 

extract showed highest activity compared with other extracts which was equivalent to ascorbic 

acid, the standard antioxidant (Figure 2a and b) and Table 1. Percentage inhibition of DPPH 

radical scavenging activity at 5 minutes followed the order Ethanol> Acetone> ethyl acetate> 

Water > Chloroform > Hexane (Table 1). 

 

 

 

 

 

 

 

Figure 2. (a)Comparison of DPPH radical scavenging activity with different TA bark extract 
withDPPH and with standard (ascorbic acid) by UV/visible (b) Comparison % Inhibitionfor 
different TA bark extract with DPPH and with standard (ascorbic acid) by UV/vis spectrum 
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Table 1. % of inhibitionof DPPH radical scavenging activity with different TA bark extract with 
DPPH and with standard (ascorbic acid). 

 

2.1.2 DPPH Assay with EPR Spectroscopy 

EPR spectroscopy was used to quantify rate of DPPH radical disappearance in the presence of 

bark extract in this study. This technique has been used previously to assess free radicals 

scavenging ability of compounds20,21.EPR determination of antioxidant activity is based on 

measuring the changes in the intensity of the EPR spectrum of stable radicals that result from 

their interaction with bark extracts antioxidants. 

In this study, the EPR spectrum of ethanolic solutions of DPPH with various extracts was 

compared to the spectrum obtained from pure DPPH in order to study the decline in DPPH signal 

intensity, which indicated scavenging. Ethanolic solutions of DPPH were mixed with solutions 

of prepared bark extract and decline in DPPH signal intensity was monitored by EPR (Figure 

3).Antioxidant activity (AA) of different extracts was measured based on remaining DPPH 

residue (%) and it was in the order of Hexane (77.10%)>Chloroform (76.25%)>Ethyl acetate 

Sl.No. DPPH Scavenging activity    % of inhibition (20 µl of each extract (1mg/mL) 

Extracts 5 min 10 min 15 min 20 min 25 min 30 min 

1 Hexane 12.41 11.69 11.27 10.86 10.31 10.56 

2 Chloroform 16.79 16.29 15.39 15.48 15.13 14.40 

3 Ethyl acetate 23.75 23.22 23.30 23.18 23.08 23.04 

4 Acetone 31.24 32.16 32.67 32.92 32.93 32.78 

5 Ethanol 36.18 37.25 - - - - 

6 Water 19.93 20.91 34.13 37.28   

7 Ascorbic acid 66.72 66.11 - - - - 



 

(74.95%)>Acetone (70.69%)>Ethanol (68.10%)> Water (65.23%) at 5 minutes. Based on above 

results antioxidant activity trends was observed in the order of Water>Ethanol>Acetone>Ethyl 

acetate>Chloroform>Hexane, the decrease in DPPH peak intensity observed to be highest in 

water and ethanol extract(Figure 4 and Table 2) indicating their superior antioxidant property as 

compared to extracts in other solvents. 
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(74.95%)>Acetone (70.69%)>Ethanol (68.10%)> Water (65.23%) at 5 minutes. Based on above 

results antioxidant activity trends was observed in the order of Water>Ethanol>Acetone>Ethyl 

loroform>Hexane, the decrease in DPPH peak intensity observed to be highest in 

water and ethanol extract(Figure 4 and Table 2) indicating their superior antioxidant property as 

compared to extracts in other solvents. This is in correlation with previous studies 

(74.95%)>Acetone (70.69%)>Ethanol (68.10%)> Water (65.23%) at 5 minutes. Based on above 

results antioxidant activity trends was observed in the order of Water>Ethanol>Acetone>Ethyl 

loroform>Hexane, the decrease in DPPH peak intensity observed to be highest in 

water and ethanol extract(Figure 4 and Table 2) indicating their superior antioxidant property as 

udies 22,23. 
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Figure 3.EPR spectra of DPPH with various extract (a) Hexane extract (b) Chloroform extract 
(c) Ethyl acetate extract (d) Acetone extract (e) Ethanol extract  (f) Water extract. 

 

 

 

 

 

 

 

 

 

Figure4.Comparison of the EPR spectra of DPPH and different TA extract with DPPH at 5 min. 

Table 2.Calculation antioxidant activity (AA) of different TA extracts using EPR  

 

 

 

 

 

 

 

 

 

 

 

 

Antioxidant activity (AA) of different extracts     

Remaining DPPH Residue (%) 

 Time  

Extracts 0 min 5 min 10 min 15 min 

Hexane 77.30 77.10 76.35 75.01 

Chloroform 76.53 76.25 76.05 75.65 

Ethyl acetate 75.36 74.95 73.20 72.85 

Acetone 73.65 70.69 62.50 61.35 

Ethanol 71.59 68.10 66.62 - 

Water 66.66 65.23 64.76 63.41 
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2.2 Mechanism of DPPH with TA Extract 

Polyphenolic compounds in TA extract are good reducing agents because of 

the hydrogen donor properties of their phenolic hydroxyl groups.  When DPPH solution is mixed 

with TA extract, the phenolic compounds donate hydrogen atoms, thereby converting DPPH to 

its reduced form with a resulting decrease in absorbance at 517 nm.  

Earlier studies on ethanolextraction, this type of triterpenoids glycoside compound revealed that 

certain structural features improve the efficiency in the trapping of DPPH radicals, such as 

hydroxyl groups and a ester glycoside, which increase the electronic delocalization in the 

molecule and it contributes to the stability of the produced radicals, resulting in an increase in the 

DPPH radical-scavenging capacity24(Sanchez et al 2010)    

The DPPH assay is based on both single electron transfer (SET) and hydrogen atom transfer 

(HAT) reactions. Antioxidants react with free radicals by different mechanisms hydrogen atom 

transfer (HAT) or single electron transfer mechanism (SET); or the combination of both HAT 

and SET mechanisms. Details of the mechanism have been given in the supplementary section 

(Figure S1). Ethanol extract from T.arjunahas the proton-donating capacity and could serve as 

inhibitor of free radical and probably as a primary antioxidant25,26.Considering the obtained 

results, TA ethanol extract showed a potent antioxidant activity as indicated by the scavenging 

ability observed against DPPH radicals. 

2.3. Isolation and Structure Elucidation 

4 different compounds were isolated from TA extracts and were identified using IR spectrum 

studies, 13C NMR and1HNMR. Compounds 1, 2 and 3 were identified asoleanolic acid, 

arjunolicacid and arjunolitin. Details of all spectrophotometric data have been provided in the 

supplement section (Figures S2-S4).   
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Compound 4 was obtained as colorless solid from ethanol fraction using 100% methanol as 

eluent. It showed UV λmax(methanol) 423nm. It exhibited characteristic IR absorption bands 

trisubstituted double bonds (1630 cm-1, 894 cm-1), hydroxyl (3355 cm-1), ester (1730 cm-1 ), 

methyl (1452 cm-1),  gem dimethyl   1391 cm-1, C-O stretching frequency (1260, 1161,1049 cm-

1).  On the basis of mass and 13C NMR spectra the molecular ion peak of 4 was determined at 

m/z673.4 [M+Na]+ C36H58NaO10,  m/z 689 [M+K]+ , m/z 511 [M-162]+, m/z 527 [M-162-44]+, 

m/z430 [M-162-44-34]+, m/z 413 [M-162-44-41]+supported one glycoside, three removable 

hydroxyl group and one ester function in the molecule. 

1H NMR spectrum of compound (4) exhibited signals of an olefinic proton at δH7.0 (1H, brs, H-

12) and seven methyl singlet’s δH(0.12, 0.16, 0.19, 0.33, 0.36, 0.40, 0.57, 7XCH3, 21H), the 

spectrum showed three oxygen bearing methine protons at δH 4.47 (1H, brs, H-19), δH 4.66 (1H, 

s, H-3α), δH4.73 (1H, d,J= 9.5 Hz, H-2β), δH 3.48 (1H, brs-H18), δH 3.32-3.89 (glucose 

hydrogen’s). 13C NMR spectrum displayed 36 signals inclusive of seven methyl signals δC (13.9, 

16.9, 17.0, 17.6, 23.5, 25.8, and 27.3), three secondary hydroxyl groups δC 69.7 (C-2), 75.6 (C-

3), 77.9 (C-19), one trisubstituted double bond δC 121.8 (C-12),144.2 (C-13), ester carbonyl δC 

175.4 (C-28), glucose carbon δC 60.2, 60.8, 67.6, 72.5, 76.8, 94.26. The anomeric proton signals 

at δH6.8 (1H, -H1’) in the 1H NMR spectrum and anomeric carbon signals at δH94.2 in the 13C 

NMR spectra of compound attributed to a β-glucose unit linked to the C28carbonyl group of the 

genin through an ester bond4,27,28. From the above all spectroscopic data the compound 4 was 

named as arjunetin. 

Previous results showed that ethanolic extract had significantly higher antioxidant ability 

compared to extracts from other solvents. Since arjunetin is the identified phytochemical in the 

ethanol fraction it may have higher therapeutic significance as compared to other compounds 



 

isolated and identified. This is further confirmed in our studies on catalase inhibition as 

described in the next section.  

2.4. Catalase Assay with Arjunetin (Com

Different bark extracts of T.arjuna

extracts least inhibition was noted with chloroform extract and maximum inhibition was 

observed with ethanol extract(Figure 

from ethanolic bark extract on catalase activity showed that inhibitory effect increased with 

increasing concentration of arjunetin (Figure 

it has been observed that ethanolic bark extracts enhanced the catalase levels
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Figure 5:Effect of T. arjunabark extracts on catalase activity. (a) Comparison of catalase activity 
with different T. arjunabark extract. (b) Bar graph of comparison of catalase activity with 
different T. arjunabark extract. 
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isolated and identified. This is further confirmed in our studies on catalase inhibition as 

h Arjunetin (Compound4) from Ethanol Extract of TA Bark

T.arjuna showed inhibition of catalase activity. Amongst the all the 

extracts least inhibition was noted with chloroform extract and maximum inhibition was 

observed with ethanol extract(Figure 5). Dose dependent studies of isolated arjunetin molecule 

bark extract on catalase activity showed that inhibitory effect increased with 

increasing concentration of arjunetin (Figure 6).This is in contrast with previous findings where 

ethanolic bark extracts enhanced the catalase levels in vivo 

bark extracts on catalase activity. (a) Comparison of catalase activity 
bark extract. (b) Bar graph of comparison of catalase activity with 

isolated and identified. This is further confirmed in our studies on catalase inhibition as 

ound4) from Ethanol Extract of TA Bark 

showed inhibition of catalase activity. Amongst the all the 

extracts least inhibition was noted with chloroform extract and maximum inhibition was 

Dose dependent studies of isolated arjunetin molecule 

bark extract on catalase activity showed that inhibitory effect increased with 

).This is in contrast with previous findings where 

in vivo in ischemic 

bark extracts on catalase activity. (a) Comparison of catalase activity 
bark extract. (b) Bar graph of comparison of catalase activity with 



15 
 

Figure 6:Effect of arjunetin from ethanol extract of T. arjunabark on catalase activity (a) 
Comparison of catalase activity with different amounts of arjunetin. (b) Bar graph of comparison 
of catalase activity with different amounts of arjunetin 
 
The binding efficiency is attributed to the hydroxyl groups and ester glycoside present in 

arjunetin, which serve as hydrogen bond donors. Involvement of positive charge on the carbon 

atom of the ester bond with the electronegative groups of amino acid residues like histidine also 

contributes towards efficient binding. Here it can be reasoned that at this concentration of 

arjunetin it can also bind to other non-specific targets in vivo due to the presence of OH groups.  

Catalase is an antioxidant oligomeric enzyme (MW =2,40,000) with four identical subunits 

arranged tetrahedrally. In eukaryotes it plays an important role in protecting cells from oxidative 

damage due to ROS. However, in certain bacteria and viruses, catalase is present as avirulant 

factor and is very important for the intracellular survival of the pathogen and disease 

progression. In this regard, compoundsthat bind to catalase and elicit enzyme inhibition can act 

as efficient antimicrobial and antiviral agents.It is known that inhibitor 3-AT (an efficient 

inhibitor of catalase) binds with histidine residue (His75) near heme group of catalase forming a 

non-coplanar adduct (very close to Tyr358).  Loss in activity of catalase suggests involvement of 

arjunetincation with histidine anion (pKa = 6.5) near tyrosine residue (Tyr358) of active site. This 

information can be used in in-silico methods of drug development using arjunetin.   

In the present study, physiological changes have been demonstrated by inhibition of catalase by 

arjunetin. From the decay curves as shown in Figure 6, it is inferred that the rate of H2O2 

degradation is reduced by arjunetin, proving arjunetin to be a good catalase inhibitor and 

therefore has potential to be studied for the development of an effective antibiotic. 

SARS-CoV-2, the virus behind COVID-19 has no cure till date. Two main pathophysiologies of 

this disease is its effect on cardiovascular system and the development of adult respiratory 
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distress syndrome (ARDS). Studies have shown that serum catalase activity increases in septic 

patients with ARDS31. Considering the cardioprotective nature of T.arjuna and the ability to 

inhibit catalase, there is immense promise in this molecule for further research and use in 

development of an effective cure against SARS-CoV-2.  

2.6.Inhibition of SARS-CoV-2 Protease byArjunetin:Molecular Docking Studies 

Since the appearance of COVID-19 pandemic, researchers all over the world have been 

proactively searching for a cure.  Remdesivir was used in the first case of COVID-19 during 

January 2020 in Washington.Remdesivir, the single Sp isomer of the 2-ethylbutyl L-

alaninatephosphoramidate prodrug, has been reported to inhibit COVID-19 virus proliferation 

and therefore has clinical potential. FDA approved HIV protease inhibitors such as lopinavir and 

ritonavir have been reported to be active against SARS and MERS. Clinical trials have been 

initiated to test HIV protease inhibitors such as lopinavir and ritonavir in patients infected with 

novel coronavirus SARS-CoV-2. 

In addition, natural compounds purified from plants can prove to be effective against the virus. 

Several plant-based treatment strategies against viral infections have been well elucidated in 

traditional medicine, many of which have the potential to be evaluated for COVID-1932. 

Since it may take a long time to come up with a concrete remedial measure, use of in-silico tools 

will be beneficial in short listing candidate molecules for further research. In-silico screening of 

natural compounds using molecular docking have already been carried out on numerous listed 

plant derived compounds with an aim to create a library for reference and research (Joshi et al., 

2020). It was of our interest therefore to study inhibition of SARS-CoV-2 proteases by arjunetin, 

the bioactive component isolated from T.arjuna, via molecular docking. Lopinavir and ritonavir 

have been used as control for our study33,34. 
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In this study, molecular docking of arjunetin was performed against SARS-CoV-2 3CL-protease, 

PL-protease and RNA-polymerase. Lopinavir was used as reference control for proteases. In case 

of 3CL-protease Arjunetin has better binding energy (-8.4Kcal/mol) compared to lopinavir.             

(-7.2 kcal/mol)(Figure 7). In case of arjunetin the interactions are predominantly hydrophobic 

contributed by LEU 141 and 27, whereas in case of lopinavir it was hydrophilic. In case of PL-

protease, Arjunetin binding score (-7.6Kcal/mol) is similar to Lopinavir (-7.74 kcal/mol) (Figure 

8) the binding score of Arjunetin towards SARs-CoV-2 RdRP polymerase was found to be -7.8 

kcal/mol. Similarly, the binding score of SARs-CoV-2 RdRP with Remdesivir was found to be -

7.6 kcal/ mole (Figure 9), thereby indicating that arjunetin might preferably inhibit 3CL-protease 

as compared to PL-protease and RNA polymerase and better binding energy values as compared 

to Remdesivir, Lopinavir (Table 3& 4). These results, combined with the previously elucidated 

antioxidant and catalase inhibitory properties of arjunetin make it a promising plant compound to 

be further evaluate against COVID-19. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 7:Molecular docking studies of SARS
of 3CL+ arjunetin (b) 3D interaction of PL+ arjunetin, 
(d) Structure of arjunetin and binding energy values of SARS
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Molecular docking studies of SARS-CoV-2 protease with arjunetin(a) 3D  interaction 
b) 3D interaction of PL+ arjunetin, (c) 3D interaction of RdRP

tructure of arjunetin and binding energy values of SARS-CoV-2 protease with arjunetin.

2 protease with arjunetin(a) 3D  interaction 
RdRP with arjunetin 

2 protease with arjunetin. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8:Molecular docking studies of
of 3CL+Lopinavir, (b)3D interaction of PL+ Lopinavir,
energy values of SARS-CoV-2 protease with Lopinavir
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Molecular docking studies of SARS-CoV-2 protease with Lopinavir(a) 3D interaction 
b)3D interaction of PL+ Lopinavir,(c) Structure ofLopinavir 

2 protease with Lopinavir 

a) 3D interaction 
Lopinavir (d ) Binding 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9:Molecular docking studies of SARS
interaction of RdRP with remdesivir b)2D interaction of 
remdesivir d) Binding energy values of SARS
 
 
Table 3: Comparison of binding energy values of SARS
RdRPwitharjunetin, lopinavir and
 

COVID-19 
Protease 

Arjunetin

3CL 

PL 

RdRP 
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Molecular docking studies of SARS-CoV-2 protease RdRP with remdesivir a) 3D 
with remdesivir b)2D interaction of RdRP with remdesivir v) 

remdesivir d) Binding energy values of SARS-CoV-2 proteaseRdRP with remdesivir

binding energy values of SARS-CoV-2 protease
andremdesivir. 

  

Binding Energy (K cal/mol 

Arjunetin Lopinavir Remdesivir

-8.4 -7.2 - 

-7.6 -7.7 - 

-8.1 - -7.6

 

with remdesivir a) 3D 
with remdesivir v) Structure of 

with remdesivir 

2 proteases 3CL, PL and 

Remdesivir 

 

 

7.6 
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Table 4:Key interaction of antivirals with amino acids in SARS-CoV-19 proteases; 3CL, PL and 
RdRP with arjunetin, 3CL and PL with Lopinavir andRdRP with Remdesivir. 
 

Molecules 3CL-protease PL -protease RdRP 

Arjunetin Leu141, Leu27, Cys145, 

ASN12 and Met49 

Pro248, Met208, Pro247,and 
Lys157 

ARG26, Lys25, Asp160, 
Glu34, ASN30, Asp163, 

Tyr8, ILE 7 

Lopinavir Met 49, Pro168, ASN142, 

Cys145, Th190 and Thr 26 

ASP164, Pro248, Met206, 
Val202, Tyr 260 

- 

 

Remdesivir 

- - Asp560, Lys 740, 
Cys564, 

Trp742, Glu753, Cys755, 

Phe754, Ser756, Asp 703 

 
 
3. CONCLUSIONS 

The present study was carried out to identify and evaluate active components in solvent extracts 

of T.arjuna bark samples, which is known for its cardioprotective and antimicrobial properties. 

Ethanolic extracts had significantly higher free radical scavenging ability as compared to other 

extracts, indicating their antioxidant nature. Further the purified compounds arjunetinfrom 

ethanolic bark extract showed dose dependent inhibition of catalase activity in-vitro. Molecular 

docking studies on arjunetin against three proteases of SARS-CoV-2 viz. 3CL, PL and 

RdRPdemonstrated that arjunetin can bind more efficiently to the viral proteases as compared to 

known commercially available antivirals thereby acting as inhibitor. We conclude that T.arjuna 

and its phytochemicals, particularly arjunetin, show promise as potential antiviral agents and can 

be utilized for further innovation and development of antiviral treatment regime against COVID-

19. 
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4. METHODS 

4.1. Collection of Plant Materials. The dry stem bark ofTerminaliaarjunawas obtained from 

Centre of Traditional Medicine and Research (CTMR), Chennai, India and collected from 

Pillaiyarpattai, Sri KarpagamVinayagerTemple thalaviruksha, Sivagangai District, Tamil Nadu, 

India and authenticated at Siddha Central Research Institute, Arumbakkam, 

Chennai,TamilNadu,India (voucher specimen no: T19081901A). 

4.2. Chemicals and Reagents 

Bovine serum catalase(CAS Number. 9001-05-2) and DPPH (2,2-Diphenyl-1-picryl hydrazyl 

radical) CAS Number 1898-66-4 was obtained from Sigma Aldrich, USA. Silica gel (230-400 

mesh) and Sephadex LH-20 column obtained from Merck India and GE Healthcare, India 

respectfully. All the solvents used for extraction were AR grade procured in India. Ethanol (95% 

v/v technical grade) was purchased from Hayman, India. 

4.3. Preparation of the Crude Extract. Air dried and finely powdered T.arjunabark (75g) was 

extracted using Soxhletapparatus with various solvents for 72 h using sequential refluxing with 

solvents of increasing polarity hexane (100mg), chloroform (400 mg), ethyl acetate (240mg), 

acetone (3g), ethanol (12g) and water (3g).After filtration and evaporation of solvents under 

vacuum, the residueswere stored under room temperature.Phytochemical testswere carried out to 

detect presence of tannins, alkaloids, reducing sugars, saponins, flavanoid. Extracts of ethyl 

acetate, acetone, and ethanol had more tannins and extracts of hexane, ethyl alcohol and ethyl 

acetate were rich in flavonoid as reported in previous paper.10 

4.4. Extraction and Isolation of Compounds fromT.arjunaBark. 1.5 kg of airdried bark of TA 

was ground to fine powder and sequentially extracted with solvents of increasing polarity 
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(hexane, chloroform, and ethanol each solvent 5L) for 72 h using Soxhlet apparatus. After 

filtration, evaporation was done under vacuum and the residues were stored at room temperature. 

A glass column (60cm X 50 mm) packed with silica gel (60-120 mesh) was used as stationary 

phase for the separation of phytochemicals in solvent extracts.Hexane fraction (10g) was eluted 

by column chromatography over silica gel(60-120 mesh) using varying concentration of 

chloroform in hexane as eluent (0-100% chloroform) to afford two fractions one at hexane-

chloroform(9:1)to yield the mixture of compounds and at (1:1) to yield compound 1(50 

mg).Chloroform fraction (55g)was subjected to chromatography on silica geleluting with 

hexane-EtOAc-methanol gradient to afford five fractions A-E.Fraction C (4:1, 

ethylacetate:hexane) was further purified by preparative TLC using CHCl3 as solvent to yield the 

compound 2 which was pale yellow in color (500 mg).Fraction D (4:1,ethylacetate:methanol) 

was purified to obtain compound 3 as pale yellow colour powder (50 mg). Ethanol fraction (4g) 

was column chromatographed over Sephadex LH 20 using various concentration of methanol 

and water as eluent at 100% methanol to afford compound 4as white crystalline solid (10 mg). 

The detailed scheme is given in supplementary material (Figure S5). 

4.5.Analytical Techniques. UV spectra were recorded on a Jasco V 550 UV-VIS 

spectrophotometer. IR spectra were recorded on a Perkin Elmer spectrum one Fourier Transform 

Infrared spectrometer with KBr pellets. 1H and 13C NMR spectra of compounds were recorded 

on a JEOL 400 MHz NMR spectrometer in CDCl3 with TMS as internal standard and with 

chemical shifts (δ) reported in ppm. HRESIMS were measured on a Q-TOF micro mass 

spectrometer (Waters USA) in positive ion mode with methanol as solvent. Operating parameters 

of Varian E112 EPR spectroscopy instrumentwere as follows: Frequency: 9.23 Hz, 
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MicrowavePower: 10 mWMod. Constant: 3.2 G-Time Constant: 0.5Center Field: 3300 G-Scan 

range: 2000.All scans and sample positions were carried out with the same conditions.  

4.6. Free Radical Scavenging Assay Using UV-Visible Spectroscopy. The antioxidant 

capacities of T.arjuna extracts were evaluated by measuring their free radical abilities to1,1-

diphenyl-2-picryl hydrazyl (DPPH) stable radicals following established procedureby measuring 

absorbance of 3 ml of 100 mM DPPH (ethanolic solution) that contained 20 µl of extract (1 

mg/ml each extract). Ethanolic solution of 100 mM DPPH was taken as the blank35. The 

disappearance of DPPH colour was measured spectrophotometrically at 517 nm (Jasco V 550 

UV-VIS, Tokyo, Japan). Inhibition of free radical DPPH in percent (%) byfollowing formula  

Inhibition (%) = 100 X(Ablank-Asample)/Ablank 

where,Ablank is the absorbance ofDPPH solution without extract and Asample is the absorbance of 

the tested extract. 

4.7. Free Radical Scavenging Assay Using EPR spectroscopy 

EPR spectroscopy was used to monitor the scavenging of DPPH radical by the TA extracts. 20 µl 

of TA extracts were mixed with 100 µl of methanolic solution of DPPH to a total volume of 3 ml 

and the EPR spectrum was measured using VARIAN E-112 ESR spectrometer at different time 

points. 3 ml of 100 mM DPPH in ethanol was taken as blank. The decrease in the intensity of 

DPPH peak, which was indicative of decrease in the concentration ofDPPH radical, was 

monitored by EPR spectrometer for a period of 30 minutes during which the radical was 

stable36.The DPPH radical was generated in ethanol solution and considered as a control (Figure 

S6). The DPPH radical scavenging activity was estimated as a ratio of individual DPPH signal 

peak height to that of control. 
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DPPH radical scavenging activity  

1- (A of Sample)/(A of Control) 

The DPPH radical scavenging activity of each sample was calculated by comparison of relative 

peak height for control (sample free) DPPH solution. DPPH radical reducing activity of each 

test sample was expressed as the percentage of DPPH residue 

4.8. Catalase Assay. Catalase decomposes hydrogen peroxide molecules into water and oxygen. 

The principle of the assay is that loss of the substrate measured at 238 nm until the substrate 

concentration becomes limiting. The assay was performed at 25C using 50 mM sodium 

phosphate buffer ofpH 7.0 containing 12 uMof H2O2 as substrate and 0.2 ugmL-1 of bovine liver 

catalase. The absorbance was monitored at 238 nm as a function of time for 5 min. One unit of 

catalase activity is defined as the amount of enzyme required to break one micromole of 

substrate per minute.Measuring the absorbance of reaction mixture at 238 nm for 5 min 

monitored the activity of catalase.When the reaction proceeds, absorbance at 238 nm starts 

decreasing due to reduction of substrateconcentration. The assay mixture contained 10 µg of 

extracts, 63 µl of 0.132 M hydrogen peroxide, 70 µl of 0.002 mg/ml catalase and the volume was 

made up to 700 µl with 50mMphosphate buffer at pH 7.0. Assay with equal volume of 

corresponding solvent instead of extracts was used as blank.  Similarly, Catalase assay was 

performed withcompound 4 from ethanol extract with increasing concentrations within the range 

of 10 µg – 50 µg with the same conditions as described above. All the experiments were 

performed at least three times and the values mentioned are mean values within ± 5% standard 

error.  
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4.9 Molecular Docking Studies. Molecular Docking studies were performed using UCSF 

Chimera and AutoDock Vina. The targets 3CL Pro (PDB-6lu7), PL-Pro and RNA-polymerase 

(PDB:6M71) were prepared for docking by adding hydrogen, assigning charges and removing 

water molecules using the dock prep module. The compound, which was to be docked, was 

minimized using AMBER forcefield and then docked using Autodock Vina. For 3CL-Pro, grid 

box of size 27*27*27 centered at coordinates (-16.1115, 12.1099, 66.6681) was made and 

docking was performed, That of PL-Pro grid box of size 29*29*29 centered at coordinates (-

1.84143, 0.0274012, 1.57883) was made and docking was performed. For RNA polymerase the 

grid box of 35*29*30 centered at coordinates (-1.84143, 0.0274012, 1.57883). The pose with the 

lowest binding energy was considered as the best pose and saved for further study. 
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Figure S1: Reaction mechanism of 2,2-diphenyl -1-picrylhydrazyl (DPPH) with ethanol 

extract 
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Figure S2: Structures of compounds isolated from T. arjuna bark extract.1. Oleanolic 

acid 2.Arjunolic acid 3.Arjunolitin 4.Arjunetin 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3: ESI-MS spectrum of arjunetin isolated from ethanol extract
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MS spectrum of arjunetin isolated from ethanol extract 
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Figure S4: ESI-MS mass spectral fragmentation analysis of arjunetinisolated from T. 

arjunabark ethanol extract 
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Figure S5: Schematic representation of extraction of various fractions from bark powder of 

T.arjuna. 
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Figure S6: EPR spectrum of DPPH radical in ethanol 

 

 




