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                     Abstract 
 Host-directed therapies target the host proteins/enzymes required for viral replication hence impeding antiviral activity 
irrespective of strains. The present study reports the e�  cacy of bioactive compounds from  Bergenia ciliata  (Haw.) Sternb. 
as host-directed antiviral agents against ER-�-glucosidase II, host protein involved in dengue viral pathogenesis. Bioactive 
compounds from  B. ciliata  rhizome extracts were identi� ed and quanti� ed using RP-HPLC (PDA) followed by inhibition of 
ER �-glucosidase II through  in-vitro  assay,  in-silico  molecular docking, molecular dynamics simulation and ADMET studies. 
Gallic acid and its 4-O-methyl glucoside derivative (bergenin) were identi� ed/quanti� ed in  B. ciliata  and exhibited mixed-
type and uncompetitive-type of inhibition in  in-vitro  enzyme kinetic analysis with  IC 50  at 0.69 and 1.14�µg/mL. Both gallic 
acid and bergenin showed e�  cient binding  in-silico  against ER �-glucosidase II with docking scores � 7.3 and � 6.9�kcal/
mol. The protein�ligand (binding complex) stability at various time intervals was validated by molecular dynamics and 
simulation studies, where both ligands formed stable complexes. The ADMET pro� les predicted promising druglikeness 
of both the phytomolecules. Thus, the study concludes that  B. ciliata  and its phytocompounds, gallic acid and bergenin, 
are promising candidates as host-directed therapeutics and can be studied towards the development of a pan-strain antiviral 
agent against the dengue virus. 
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      Introduction 

 Natural products of plant origin have played a major part in 
the development of novel drug candidates and are an impor-
tant source of drug lead compounds (Cragg and Newman 
 2013 ). The antiviral e�  cacy of various medicinal plants 
against Dengue virus (DENV) has been widely reported 
and the majority of them are targeted towards the viral 
proteins involved in its replication cycle. However, in such 
cases where viral proteins are targetted, the emergence of 
drug-resistant viral strains is a major challenge (Purohit et�al. 
 2022 ). It is essential to focus on alternative therapeutic tar-
gets with pan-strain action and the inhibition of host proteins 
can be a promising solution. 

 Host-directed therapies exploit the dependency of a virus 
on the host cellular machinery and the inhibition of such lim-
iting factors may suspend the viral replication (Cakir et�al. 
 2021 ). In this context, host protein i.e., ER-�-glucosidase 
(�-glucosidase found in the endoplasmic reticulum) assists 
in the post-translational modi� cation of dengue viral pro-
teins and hence, is a promising target for anti-dengue drug 
development (Courageot et�al.  2000 ). Imino sugars such 

as deoxynojirimycin (DNJ) and castanospermine are well-
studied �-glucosidases I and II inhibitors and selectively 
inhibit the virion assembly and secretion of many enveloped 
viruses, including DENV and are under clinical trial (Chang 
et�al.  2011 ). 

 Phenolic compounds and their derivatives such as gal-
lic acid, epigallocatechin gallate, bergenin, curcumin, res-
veratrol, etc. have been reported to possess antiviral activity 
against several viruses including hepatitis B virus, in� uenza, 
chikungunya, HIV and Zika viruses (Loaiza-Cano et�al. 
 2020 ). They inhibit virus multiplication at various stages 
of the viral life cycle, e.g., attachment, penetration, replica-
tion, assembly and maturation and release of virus particle. 
Phenolic compounds also in� uence the viral life cycle by 
a� ecting the host cell�s biochemical processes that viruses 
use for their own bene� t (Kowalczyk et�al.  2021 ). 

  Bergenia ciliata  (Haw.) Sternb. (Saxifragaceae), com-
monly known as  Pashanbhed , is a source of wide range of 
bioactive phenolic compounds such as bergenin, gallic acid, 
arbutin, protocatechuic acid, ferulic acid, etc. (Pandey et�al. 
 2017 ). The rhizome is widely used in various traditional sys-
tems of medicine for the treatment of fever, cough, cold and 
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bioactive compounds present in  B. ciliata  rhizome extract. 
The analysis resulted in identi� cation of two compounds 
namely gallic acid and a 4-O-methyl glucoside derivative 
of gallic acid (also known as bergenin) in the plant extract. 
Chromatogram of standard mixture and sample (Fig.�  1 ) 

showed the presence of gallic acid and bergenin at retention 
time  (R t ) 5.73 – 0.07 and 9.09 – 0.05�min. and coincides with 
peak of sample. Linear regression curve plotted between 
concentration and peak area (Table� 1 ) was used to calculate 
the amount of gallic acid and bergenin in the plant sample. 

  Fig. 1       RP-HPLC chromatogram 
of standards and plant extract  a  
HPLC chromatogram of gallic 
acid (1) and Bergenin (2)  b  
Identi� cation of standards in the 
plant extract  

  Table 1       Statistical parameters 
for the calibration of gallic acid 
and bergenin for the developed 
RP-HPLC method  

 *n = 6,  @ ng = nanogram,  a Mean %RSD within the day (Intra-day),  b Mean %RSD per day over 3�days (Inter-
day),  #  RSD  Relative standard deviation 

  Parameters    Gallic acid*    Bergenin*  

  Retention time (min.)    5.73 – 0.07    9.09 – 0.05  
  Linearity range (ng/run)    100�500    100�500  
  Calibration equation    Y = 2439.9 ×  � 66,354    Y = 2124.9 ×  � 109,110  
  Correlation coe�  cient  (r 2 )    0.997    0.987  
  Limit of detection  (ng @ )    33.51    72.62  
  Limit of detection (ng)    101.56    220.07  
  Precision study      
  �Intra-day (Repeatability) a  (%RSD # )    1.36    1.49  
  �Inter-day (Reproducibility) b  (%RSD)    1.44    1.68  
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binding a�  nity owing to its smaller size and presence of 
4 polar hydrogens in its structure. The ligand formed 2 
hydrogen bonding interactions with  Isoleucine 831  and 
 Glutamate 865  along with 10 hydrophobic interactions with 
other residues in the binding pocket (Fig.� 3 c).         

    Molecular dynamics simulation 

 To understand the dynamics of bergenin and gallic acid bind-
ing on the ER- �-glucosidase II protein, simulations were 
carried out for free-protein and protein�ligand complex. The 
protein stability and the protein�ligand complex stability 

was monitored using the time evolution of the root mean 
square deviation (RMSD) and are represented in Fig.� 4 a. 
The RMSD of the un-bound protein as well as the com-
plexes stayed > 0.25�nm throughout the simulation which 
depicts the stability of the systems (Fig.� 4 a). In bergenin 
bound complex, the RSMD of remained below 0.17�nm 
similar to unbound protein till 2�ns, after which a sharp rise 
in complex RMSD was observed and reached 0.21�nm at 
2.45�ns. The plots of complex and unbound protein diverged 
with 0.03�nm di� erence in their � nal RMSDs. This indicates 
minute positional deviation in the ligand�protein complex 
a� ecting structural stability. In gallic acid bound complex, 

  Fig. 4       MD Simulation trajec-
tory plot of unbound ER 
�-glucosidase (PDB I.D. 0F0E) 
and ligand (standard inhibitor /
lead phytocompound) bound 
complex over 10�ns.  a  RMSD, 
 b  RMSF,  c  Radius of Gyra-
tion (Rg),  d  SASA,  e  number 
of hydrogen bond interactions 
(Complex_B: Bergenin bound 
complex, Complex_G: Gallic 
acid bound complex, Protein: 
Unbound Protein). The plots are 
generated using Grace Software 
(Version 5.1.22 1.      Available at 
  https:// plasma- gate. weizm ann. 
ac. il/ Grace/    )   
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in the protein�ligand complex stabilization (Kushwaha et�al. 
 2021 ). In the present study, the increased hydrogen bond-
forming potential of gallic acid indicates the potential stabil-
ity of the complex during simulation. 

 For a compound to be considered as a drug candidate, it 
must possess optimal pharmacokinetics and safety charac-
teristics. The ADMET analysis predicted both bergenin and 
gallic acid to have good solubility (with optimal lipophilic-
ity) as an indication to have good oral bioavailability. Both 
the compounds complied with the Lipinski�s rule of � ve and 
possessed druglikeness property. To determine the toxicity 
of chemicals, they are labelled as per globally harmonized 
system of toxicity classi� cation (Miyagawa  2010 ), where 
category IV may be harmful if ingested and Category VI 
chemicals are non-toxic and hence, both bergenin and gallic 
acid are predicted to be safe for prescribed drug use. 

 Several �-glucosidase II inhibitors such as deoxyno-
jirimycin (DNJ), castanospermine (CST), celgosivir and 
their derivatives have been evaluated for their anti-dengue 
potential and are under clinical trial (Low et�al.  2014 ; Caputo 
et�al.  2016 ). Structural similarity of Gallic acid and bergenin 
with DNJ as well as the traditional use of rhizome of  B. cil-
iata  against fever and viral diseases, support the study and 
hence, can be explored against dengue virus in the form of 
host directed therapeutics. 

    Conclusion 

 In the present study, the rhizome of  B. ciliata  and its bio-
active compounds, gallic acid and its O-methyl glycoside 
derivative bergenin, re� ect potential responses in both  in-
vitro  and  in-silico  models as host-directed antiviral agents 
against dengue.�The study validates the traditional claims of 
 B. ciliata  as antiviral agent and concludes that an extensive 
 in-vivo  safety and e�  cacy study may facilitate the develop-
ment of a pan-strain targeting anti-dengue agent in form of 
host-directed therapeutics. 
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