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 Dengue hemorrhagic fever (DHF) caused by dengue virus infection 

(DENV) is a global infectious disease with a high incidence and mortality. 

However, there is no specific antiviral drug available to treat and prevent 

DENV infection. Propyl gallate is a potential candidate for DENV 

antivirus, but the inhibition mechanism is not known yet. In this study, we 

assessed in vitro and in silico of the antiviral activities dan mechanisms 

action of propyl gallate especially in the inhibition of cell receptors and 

DENV envelope binding. We used DENV serotype-2 New Guinea C strain 

and Vero cells for in vitro study. The effectivity and toxicity were obtained 

by focus assay and MTT assay, respectively. In addition, in silico test was 

carried out to calculate propyl gallate’s binding energy and inhibition 

constant for E protein. The inhibitory percentage of propyl gallate towards 

receptor and viral envelope were 9±2.65% and 53±9.85%, respectively. 

There was no toxic effect to the cells with viability percentage of 125±1%. 

The binding energy of propyl gallate to E protein was -3.21 kcal/mol with 

inhibition constant of 4.44 mM. Hence, propyl gallate has an inhibitory 

effect on DENV-2 and is non-toxic if given in viral attachment stage. The 

low binding energy between E protein and propyl gallate shows 

spontaneous bond with a good affinity. Propyl gallate is potential as 

DENV-2 prophylaxis. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Dengue infection can be caused by four serotypes of dengue virus (DENV) which differ antigenically 

(DENV1, DENV2, DENV3, DENV4) from the family Flaviviridae is the most important arboviral disease 

in humans, both in terms of geographic distribution, morbidity and mortality [1]. According to the World 

Health Organization (WHO), it is estimated that 390 million DENV infections occur each year and 96 million 
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are symptomatic [2], [3]. The global problem of dengue fever has increased at least fourfold over the past 

three decades, with 500,000 cases of severe dengue fever and 20,000 deaths annually in more than 100 

countries [4]. 

 

DENV infection is transmitted by Aedes mosquitoes, namely Aedes aegypti and Aedes albopictus and its 

transmission is associated with the rainy season [1]. DENV infection causes a wide spectrum of clinical 

diseases, ranging from mild fever known as 'dengue fever' (DD) to 'severe dengue', which was previously 

known as dengue hemorrhagic fever (DHF), which is characterized by capillary leak that causes 

complications of hypovolaemic shock, organ failure and bleeding [5]. If this condition is not treated promptly, 

death can occur. So, it is important to prevent dengue infection and complications [6]. However, until now 

there is no specific antiviral available for DHF and management only relies on fluid resuscitation for severe 

cases [7]. 

 

Various approaches have been tested to treat DENV infection, namely vector control [8], vaccines [9] and 

antivirus [10]. [11] stated that vector control is still the most common approach to reduce the incidence of 

DHF due to the lack of an effective antiviral or vaccine. The study by [12] states that the potency of anti-

DENV drugs being tested in human clinical trials is at different stages of development, such as chloroquin, 

celgosivir, racingiravir, prednisolone, lovastatin, ivermectin, ribavirin, zinc bis-glycinate, and vitamin E, but 

no drug approved for specific therapy against DENV [12]. There is one dengue vaccine that has been licensed, 

Dengvaxia®, but there are variations regarding the benefits of vaccination between seropositive and 

seronegative individuals [13]. 

 

Several approaches have been used for drug discovery, including the use of natural products, which can be 

explored for research and development of new drugs [14]. A natural substance that has the potential to become 

antiviral DENV is gallic acid, one of the main phenolic elements found in almost all plants [15]. It is a potent 

antioxidant and has a wide range of therapeutic applications against dengue fever, asthma, cancer, 

neurological disorders, allergic rhinitis, anti-viral and anti-fungal properties and has no negative effect on 

healthy cells [16]. Studies of [6] showed that the derivative of gallic acid is a strong antiviral candidate for 

DENV. Propyl gallate is another derivative of gallic acid. Propyl gallate has a potential as an antiviral 

candidate with inhibitoric (IC50) and cytotoxic (CC50) concentration values of 15.57 µg/ml and 223.99 µg/ml 

respectively which resulted in a selectivity index (SI) of 14.38 [17]. However, mechanism action of propyl 

gallate as an antiviral of DENV has not been elucidated. In this study, we found that the inhibitory percentage 

of propyl gallate towards receptor and viral envelope were 9±2.65% and 53±9.85%, respectively with low 

energy binding. Propyl gallate has more potential to be a safe and effective DENV-2 prophylactic agent than 

a post-DENV-2 infection drug. 

 

2. Material and Method 

 

2.1 Virus Propagation 

Propagation of DENV-2 was carried out in Vero cells using DMEM medium with 2% FBS and incubated at 

37oC with 5% CO2 for 5 to 7 days. Then, the culture supernatant was centrifugated and calculated of the virus 

titer by focus assay. 

 

2.2 Propyl Gallate Preparation 

Propyl gallate was synthesized from gallic acid through an esterification process carried out by the 

Department of Clinical Chemistry, FKUI. Gallic acid was purchased from the Sigma-Aldrich Chemical 

Company. Gallic acid esterification is carried out in oven-dried glassware and requires flash column 
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chromatography using Merck & Co. silica gel 60. After the completion of the reaction, the reaction mixture 

was diluted with ether, filtered, evaporated, and purified by column silica gel chromatography. Pure 

compounds were analyzed using thin layer chromatography (TLC), Nuclear Magnetic Resonance 

Spectrometer (NMR), and High Resonance Mass Spectrometer (HRMS) in order to obtain one of the ester 

compounds of gallic acid derivatives, namely propyl gallate [18]. 

 

2.3 Determining Mechanism of Action of Propyl Gallate 

To determine mechanism action in pre infection we used two methods. First method, we inhibited DENV 

adhesion process by addition of DENV's surface protein with propyl gallate. Second method, we blocked 

DENV receptor on the Vero cell surface by addition of propyl gallate to the cell prior DENV infection. We 

used 2 x IC50 concentration of propyl gallate (31.14 µg/ml). The first and second method were carried out 

for 2 hours before DENV infection. As negative control, we replaced propyl gallate with DMSO 0.1%. The 

cells were infected with DENV at multiplicity of infection (MOI) 0.5 FFU/cell. This infection process lasts 

for 2 hours in an incubator at 37oC with 5% CO2. Then, added with DMEM 2% FBS, 100uL/well and 

incubated for 2 days. After the incubation period had ended, supernatant was taken to calculate virus titer 

after treatment using focus assay [17]. 

 

2.4 Determining Viability 

The measurement of the percentage of viability was carried out using the MTT assay method. Monolayer 

cells in 96 well plates that had been prepared a day before were added with a medium containing propyl 

gallate at concentration of 31.14 µg/ml. The cells were incubated for 48 hours at 37oC with 5% CO2. After 

incubation, the medium was discarded and 300 μL of 10% MTT was added and followed by addition of 200 

μL of 100% DMSO to each well. The absorbance was determined using a spectrophotometer with a 

wavelength of 490 nm. The absorbance results are expressed in optical density (OD). The viability percentage 

was determined by dividing the test optical density by the control multiplied by 100%. 

 

2.5 Determining Inhibition Percentage 

Focus assay was used to evaluate the percentage of inhibition. The day before the focus assay, 2 x104 Vero 

cells were prepared on 96 well plates and incubated. Then, the treated supernatant was added to the cells, 

with 1/20 dilution in DMEM 2% FBS and performed three repetitions. Next, cells were incubated for 2 hours 

at 37oC and 5% CO2. Methylcellulose 1% was added 100 ul/well and incubated for 48 hours. After incubation, 

cells were fixed by adding 200 μL of formaldehyde 3.7% to each well. To increase cell permeability, 100 μL 

of Triton-X 0.5% was added to each well and incubated for 15 minutes. After that, Triton-X contained in the 

wells was removed and the wells were washed three times without interval using 200 μL PBS. Human IgG 

anti-dengue from patients infected with DENV was added with 100 ul/well, 1/500 in PBS with 1% albumin 

and incubated at room temperature for 1 hour. Furthermore, the plate was washed and added with 100 μL/well 

antihuman IgG labeled HRP at dilution of 1/500 in PBS with 1% albumin. After incubation for 1 hour, cells 

were washed and added with 100 μL/well of DAB substrate. After incubation for 15 minutes, brown foci 

were visible. The percentage of inhibition can be calculated by dividing the number of control focuses minus 

the test against the number of control focuses multiplied by 100%. 

 

2.6 Determination of Binding Energy 

E protein of DENV-2 was used in this in silico study. This test was performed using Autodock Tools - 1.5.6 

software with propyl gallate as ligand. The molecule used was 3D in mol format and obtained from 

http://zinc.docking.org. This web site provides a variety of compound structures for virtual screening needs. 

The protein structure of DENV has a protein data bank format and obtained from https://www.rcsb.org or 

http://www.wwpdb.org/. The determination of the mooring coordinates refered to the coordinates of the 
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original ligands. The docking process was carried out with the Autodock Tools - 1.5.6 program. The 

conformation will be better if the interaction between ligands and proteins requires lower energy and the 

smaller the inhibition constant value. 

 

2.7 Data Analysis 

We used Shapiro-Wilk for normality test. Furthermore, the difference in mean percentage of cytotoxicity and 

infectivity between the treated and control groups was analyzed using independent T test in JASP software 

with a p value <0.05 was considered a statistically significant difference. If the data distribution was not 

normal, we used Mann-Whitney test. Bioinformatics analysis was carried out to predict the binding of propyl 

gallate with DENV protein which has a role in the virus replication process using the molecular docking 

method. 

 

2.8 Research Ethics 

This research uses laboratory-based Vero cells, without intervention in living things, so the research does not 

require permission from the Ethics Committee of the Faculty of Medicine, University of Indonesia. The 

research has received approval from the Research Module at the Faculty of Medicine, University of Indonesia 

and a permit from the Department of Microbiology, Faculty of Medicine, University of Indonesia with letter 

number KET-039/UN2.F1.D1.2/PDP.01/Riset-2/2020. 

 

3. Results 

 

3.1 Inhibition of DENV 

The percentage of inhibition of E protein treatment was higher than that of the receptor (Table 1). The results 

of the independent T test showed that the comparison was significantly different (p = 0.002). 

 

Table 1 Inhibition percentage calculation of propyl gallate 

Treatment  Percentage of inhibition (%) Value (%) 

(Mean ± 

SD) 

P 

value 1st repetition 2nd repetition 3rd repetition 

Host cell 

receptor 

8 12 7 9 ± 2,65 0,002 

E protein 64 50 45 53 ± 9,85  

 

3.2 Toxicity of Propyl Gallate 

Cell viability which also reflects the presence or absence of toxic effects of propyl gallate on Vero cells was 

assessed based on the percentage of viability (%). The percentage value of viability was obtained by 

comparing the optical density (light absorbance) based on the MTT assay of the receptor/ E protein treatment 

group against the control. The viability percentage data (Table 2) has a normal distribution according to the 

Shapiro-Wilk test. The result showed that propyl gallate did not give toxic effect to the Vero cells. 

 

Table 2 Percentage of cell viability after propyl gallate administration 

Treatment  Viability percentage (%) Value (%) 

(Mean ± 

SD) 

Normality 

p value 1st repetition 2nd repetition 3rd repetition 

Host cell receptor/ 

E protein 

125 124 126 125±1 1,00 

 

3.3 Binding Energy of Propyl Gallate and E Protein 
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In silico test which has a docking principle in the Autodock Tools - 1.5.6 software was carried out to support 

the research results, through information on binding energies and inhibition constants between 

macromolecules and ligands. The macromolecule used in this study was E protein obtained from a crystal 

structure coded 1OKE. 1OKE is a crystal which is a complex of E protein and the innate ligand β − 

octylglucoside (BOG1400). Therefore, E protein is separated from BOG1400 so that E protein can be used. 

Furthermore, the measurement of the bond energy and inhibition constants between propyl gallate as the test 

ligand with E protein, and between BOG1400 and E protein were carried out to be compared. Each experiment 

produces conformation by means of a docking process with bond energies, inhibition constants and their 

hydrogen bonds are shown in Table 3. The bond energy and inhibition constants between E protein and 

BOG1400 are -1.42 kcal/mol and 90.61 mM, while between E protein and propyl gallate are -3.21 kcal/mol 

and 4.44 mM. 

 

Table 3 Bond energy analysis between propyl gallate and E protein 

Macromolecule-Ligand 
Bond energy 

(kcal/mol) 

Inhibition constant 

(mM) 

Number of 

Hydrogen 
Bonds 

E protein – BOG1400 -1,42 90,61 0 

E protein – Propyl gallate -3,21 4,44 0 

 

4. Discussion 

Propyl gallate, propyl-3,4,5-trihydroxybenzoate, is a polyphenol compound synthesized by condensation of 

gallic acid and propanol, commonly used in processed foods and cosmetics, hair products and lubricants to 

prevent rancidity and rot [19]. Gallic acid has been suggested for possessing antiviral activity towards RNA 

viruses, such as Hepatitis C virus, influenza virus and poliovirus, whilst for DENV it is still being explored. 

Derivates of gallic acid, namely octyl gallate and isobutyl gallate has been demonstrated having antiviral 

effects towards DENV [6], [20]. Dengue receptors in mammalian cells consist of four major groups: 

carbohydrate molecules, carbohydrate-binding proteins, factors related to protein folding, and other proteins. 

Among the carbohydrate molecules are heparan sulfate and nLc4Cer expressed in Vero cells and BHK-21 

cells. Dendritic cell-specific lectin (DC-SIGN/L-SIGN) and mannose receptor expressed in macrophages and 

dendritic cells are among the carbohydrate-binding proteins group. The attachment of DENV to its receptor 

molecules is intervened through E protein, a viral envelope glycoprotein [21]. 

 

4.1 Antiviral Effectiveness of Propyl Gallate Against DENV Serotype 2 

In this study we found the percentage of inhibition of E protein treatment (53 ± 9.85%) was higher than that 

of the receptor treatment (9 ± 2.65%) which only slightly inhibited DENV-2. This result is statistically 

significant (p = 0.002) so it can be interpreted that propyl gallate inhibits DENV-2 more strongly when given 

to E protein than given to cell receptors. 

 

Study by [22] compared the effectiveness of propyl gallate inhibition against DENV-2 replication given at 

the viral replication stage and on E protein (pre-post) against viral replication alone (post). The results of his 

research were the percentage of inhibition of propyl gallate of 30.7 ± 4.88% for pre-post and 4.34 ± 7.53% 

for post. This supports the claim that propyl gallate is more effective in inhibiting DENV-2 if it is given at 

the stage of viral attachment to cells. 

 

Study by [23] examined the effectiveness of butyl gallate in inhibiting DENV-2 in Vero cells when given to 

the receptor and in E protein. The percentage of inhibition of butyl gallate obtained when given to cell 

receptors was 28.68% and E protein was 36.10%. The results of this study are in line with the results of this 
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study, namely that the inhibition is greater for the treatment of E protein compared to the cell receptor in one 

of the other gallate derivatives. When compared with the results of the effectiveness of inhibition in this study, 

it can be concluded that propyl gallate is more effective than butyl gallate in inhibiting DENV-2 when given 

to E protein. 

 

4.2 Toxicity of Propyl Gallate 

The percentage of viability of the receptor/E protein treatment group (125 ± 1%) was more than 100%. Based 

on a study by [22], there is DENV inhibition in post treatment and propyl gallate is lipophilic, so it can be 

concluded that there is a part of propyl gallate that enters the cell. Study by [19] states that propyl gallate, 

similar to superoxide dismutase, exhibits a protective effect against oxidation by hydrogen peroxide and 

oxygen free radicals through a catalytic effect. Among these effects is the stimulation of oxygen uptake that 

occurs in the electron transport chain in the mitochondria and microsomes. Propyl gallate exhibits relatively 

strong lipophilic character. This lipophilicity should give affinity to the organelle membrane, which could 

also explain the propyl gallate interactions on mitochondria and microsomes [19]. This can explain the 

percentage of cell viability that exceeds 100% in this study. Therefore, it can be concluded that administration 

of propyl gallate at the stage of viral attachment to cells is not toxic to Vero cells. This result is supported by 

the fact that when choosing a compound for the mechanism test, in this case propyl gallate, it is known that 

even if the IC50 is doubled, the result will not be toxic because the SI of the compound is more than 2 [17]. 

 

Research by [22] showed that propyl gallate had a slight toxic effect on Vero cells if given during the 

attachment and replication stage of the virus (pre-post) and at the viral replication stage alone (post), with a 

percentage of pre-post treatment viability of 95.31 ± 3.38% and post of 94.64 ± 0.4%. In the same study, it 

was stated that the percentage of viability which did not reach 100% could be due to the absence of serum in 

the incubation medium or only variations in the experiment so that propyl gallate was still relatively safe to 

administer at the pre-post and post stages for future studies [22]. 

 

Apart from propyl gallate, the toxicity of gallic acid derivatives to Vero cells was also investigated for butyl 

gallate compounds by several researchers. Study by [23] states that the percentage of butyl gallate viability 

in pre-treatment or E protein is 108.69% so it can be interpreted that giving butyl gallate to E protein is not 

toxic to cells. Another study by [24] states that gallic acid and some gallic esters, such as octyl gallate and 

lauryl gallate have been widely used as extractors of reactive oxygen species that provide cytoprotective 

effects [24]. Therefore, it can be concluded that gallic acid derivatives are generally non-toxic to cells. 

 

4.3 In silico Analysis of Propyl Gallate 

Considering that this study is a test of antiviral mechanisms, in silico analysis was carried out to support in 

vitro results to find out how spontaneous and how potential propyl gallate is in inhibiting the protein involved 

in viral attachment to cells. In this in silico test, the protein for attachment of DENV-2 used is E protein. 

 

The in silico test was carried out with the docking method using AutoDock Tools 1.5.6 software. Proteins E 

and BOG1400 can be obtained by breaking down crystals coded 1OKE that have been downloaded from the 

RCSB Protein Data Bank database because neither E nor BOG1400 proteins were found in solitary form in 

the database. The separation process of E and BOG1400 proteins is carried out after the removal of water 

molecules using the delete water option. Then, polar hydrogen atoms and Kollman charges were added to the 

E protein, while a Gasteiger charge was added to the ligands of both BOG1400 and propyl gallate. Then, the 

coordinates of the active site of the internal ligands were searched for later as a reference to be the center 

point of the grid box, in this case the coordinates are (x = -11.67, y = 80.313, z = 45.384). This process is 

followed by a griding and docking process that results in conformational interactions of macromolecules with 
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ligands. The conformation can be visualized in three dimensions with some information such as bond energy 

(kcal/mol), inhibition constant (mM), and the number of hydrogen bonds. Bond energy is the amount of 

energy required or released when the macromolecule-ligand bond occurs, while the inhibition constant is the 

minimum concentration required by ligands to inhibit macromolecules. The smaller the bond energy, the 

more spontaneous the bonding will be with high affinity. The smaller the inhibition constant, the more potent 

a ligand is to inhibit macromolecules. 

 

In silico study bonds between E protein and propyl gallate and E protein with internal ligand (BOG1400). 

Given that there is no delta-G (Gibbs free energy) or bond energy of absolute value, it was also necessary to 

do a docking between E protein and BOG1400. The interaction between E protein and propyl gallate produced 

a bond energy of -3.21 kcal/mol and an inhibition constant of 4.44 mM, which meant that the bond between 

E protein and propyl gallate will release energy of 3.21 kcal/mol and a minimum propyl gallate concentration 

of 4.44 mM was required to inhibit E protein. In the bond between E protein and BOG1400, the bond energy 

was -1.42 kcal/mol with an inhibition constant of 90.61 mM. If interpreted, the bond between E protein and 

BOG1400 would release energy of 1.42 kcal/mol and the minimum concentration of BOG1400 to inhibit E 

protein was 90.61 mM. From these results, it was found that both the bond energy and inhibition constant of 

the interaction between E protein and propyl gallate were both lower than the interaction between E protein 

and BOG1400. Hence, the bond between E protein and propyl gallate is more spontaneous with a higher 

affinity than the bond between E protein and internal ligands so that propyl gallate has a greater potential to 

bind and inhibit E protein compared to BOG1400. 

 

The in silico results are in line with the in vitro results, proven that propyl gallate is more spontaneous, has a 

higher affinity for binding to E protein, and is more potent in inhibiting E protein compared to the innate 

ligand (BOG1400). The in vitro results that have been written in this study state that propyl gallate provides 

DENV-2 inhibition when given to E protein but does not inhibit it when administered to the receptor although 

cumulatively inhibits DENV-2 when administered during the viral attachment stage to cells. Therefore, it can 

be concluded that propyl gallate inhibits DENV-2 when it is given to E protein which is needed in the process 

of attaching the virus to cells so that it has the potential to become DENV-2 prophylaxis. 

 

Study by [22] measured the bond energy and inhibition constants between propyl gallate against the proteins 

NS5, NS3 protease, and NS3 helicase. The bond energy and inhibition constants of propyl gallate to NS5 

protein were -3.49 kcal/mol and 2.78mM; to NS3 proteases of -2.47 kcal/mol and 15.6 mM; and for NS3 

helicase of -3.72 kcal/mol and 1.88 mM. NS5 and NS3 proteins are the proteins involved in the DENV-2 

replication stage. The bond energy and inhibition constants of propyl gallate to NS5 and NS3 helicase were 

indeed lower than the bond energy of propyl gallate to E protein in his study but in vitro results showed the 

percentage inhibition of propyl gallate in the post treatment (4.34 ± 7.53%) was much lower than E protein 

treatment (53 ± 9.85%) in the study [22]. This was also supported by past research by [25] who found gallic 

acid to be the most potent compound as an anti-DENV agent compared to emodin and isovanilic acid and 

free from adverse effects, and exerted its antiviral activity as a prophylactic treatment, but not by post-

infection administration [25]. Therefore, it is possible that propyl gallate inhibits NS5 better than E protein, 

but it is difficult to enter the cell. 

 

There have also been other studies measuring inhibition of the receptor, E protein of DENV-2 and binding 

energy to E protein but using ligands other than propyl gallate. Study by [26] using curcumin ligands found 

that the percentage of inhibition of curcumin against E protein and the receptor in vitro was 2.29 ± 1.19% and 

98.67 ± 1.33% and the bond energy of curcumin to E protein was -2.71 kcal/mol with an inhibition constant 

of 10.34 mM. It can be observed that in vitro, curcumin is the opposite of propyl gallate, that is, it inhibits the 
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receptor very well but inhibits E protein poorly. These results are supported by the in silico results, with the 

bond energy and inhibition constants of propyl gallate to protein E lower than curcumin with protein E [26]. 

Therefore, it can be considered the use of propyl gallate together with curcumin as DENV-2 prophylaxis, but 

of course, after further research is carried out regarding the interaction and toxicity of the two when used 

simultaneously. 

 

This research cannot be separated from the advantages and disadvantages. The advantages of this study from 

past studies are the in silico analysis that can support in vitro findings and explain the molecular mechanism 

of propyl gallate as antiviral. The weakness of this study is that neither the focus assay nor the MTT assay 

were repeated at different times due to cost constraints. 

 

5. Conclusion 

The propyl gallate compound has an inhibitory effect against DENV-2 when it is administered in vitro during 

the viral attachment to Vero cells. Propyl gallate is safe in vitro because it is not toxic when administered 

both during the viral attachment to Vero cells and after viral replication. The interaction of propyl gallate with 

E protein has a very low bond energy value and inhibition constant so that the bond between E protein and 

propyl gallate is quite spontaneous, has good affinity and propyl gallate is quite potent in inhibiting E protein. 

Propyl gallate has more potential to be a safe and effective DENV-2 prophylactic agent than a post-DENV-2 

infection drug. It is necessary to carry out further research such as repetition of in vitro tests and in vivo tests 

so that later clinical trials can be carried out for propyl gallate to be used as DENV-2 prophylaxis in humans. 

Further research to ensure that propyl gallate does attach to the cell receptor visually can be done by labeling 

the fluorescent compound on propyl gallate to observe the process of binding propyl gallate to the cell receptor 

under a fluorescent microscope. 
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