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Abstract 

The hydration structure of the Favipiravir antiviral drug, at infinite dilution in water, was 

investigated by employing a systematic molecular modelling approach. An effective interaction 

potential model was employed for Favipiravir, using the intramolecular geometry and charge 

distribution from quantum chemical calculations performed in the present treatment and adopting 

well-established Lennard-Jones parameters from the literature. The hydration structure and related 

dynamics were further investigated by means of classical molecular dynamics simulations. These 

calculations have revealed the existence of different types of hydrogen bonds between Favipiravir 

and the surrounding water molecules, with continuous lifetimes in the sub picosecond range and 

intermittent lifetimes in the range of 0.8-5.4 ps. The self-diffusion coefficient of Favipiravir of 
9 2 10.58 10 m s− −⋅ ⋅  at 298.15 K was found to be three times lower than the value obtained for water 

in solution, while comparable to the to the values measured for other common painkillers and anti-

inflammatory drugs (e.g. paracetamol, aspirin, ketoprofen), antibiotics (e.g. tetracycline, 

trimethoprim, Penicillin G) and corticosteroids for asthma treatment (beclomethasone, prednisone). 

It was also revealed that the rotational motions of Favipiravir are more retarded in comparison with 

water and this is reflected on the calculated reorientational correlation times of specific 

intramolecular vectors. The results obtained in the present study could be useful in pharmaceutical 

applications, such as pharmacokinetics and computer-aided docking studies to evaluate the 

efficiency of this particular antiviral drug.   
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1. Introduction 

Despite the enormous progresses in pharmacy and medicine, particularly over the last two 

decades, viral infections continue to be a significant threat to public health with very 

significant societal and economic impacts1,2. For this reason, the scientific community is 

constantly seeking for novel approaches to develop innovative drugs and new 

therapeutics3. However, only a few antiviral treatments have proven to be effective and 

there is a critical need to discover therapeutic approaches for a wide range of diseases. 

Especially nowadays, the current circumstances, with the emerging viral infections 

(COVID-19) for which effective drugs or vaccine therapies are not available, urgently call 

for the development of antiviral drugs with enhanced functionality4,5 and an in-depth 

understanding of the molecular mechanisms that drive their action.   

From a physicochemical perspective, structure-based drug discovery methods6,7 can be 

employed to develop novel antiviral drugs. However, in urgent situations like nowadays, 

taking into account that the development of novel small-molecule drugs could take a very 

long time, virtual high-throughput screening of existing drugs with regulatory approval and 

potential for therapeutic use could provide very fast a list of potential candidates8 for 

further experimental testing. At the same time, a deeper understanding of the solvation 

mechanisms and the diffusivity of active pharmaceutical ingredients in water and aqueous 

solutions could be correlated with their in vivo drug dissolution rate, as it has been 

suggested in the literature9,10. Water is the primary component of the human body, and 

providing insight of the diffusion mechanisms of drugs in aqueous solutions could be 

crucial for a deeper understanding of drug permeability phenomena in biological 

membranes. The presence of an aqueous diffusion layer, or unstirred water layer, adjacent 

to the intestinal membrane has long been regarded as a potential barrier for intestinal 

absorption of pharmaceutical compounds11-13. Therefore, understanding and providing 

quantitative description of the diffusion mechanisms of active pharmaceutical ingredients 

in water could shed light on the role of unstirred water layers and interface transitions in 

passive transport through permeation barriers. Such a fundamental knowledge can be used 

as a first-step selection approach to classify drugs based on their bioavailability, which is 

strongly correlated to their physicochemical properties such as the solubility and diffusivity 



in water9,10,14. Since the use of advanced experimental techniques to measure accurately 

the diffusivity of drug is quite complex and time consuming, molecular modelling15,16 

appears as a good alternative to provide fast and reliable estimation of this data.  

Since the predictive capability of molecular simulation techniques in computational 

pharmaceutics17, either by molecular dynamics or Monte Carlo, strongly relies on the 

quality of the potential model to describe the intermolecular interactions of the systems, 

several physicochemical parameters need to be carefully taken into account when 

developing these models. Particularly in the case of the prediction of transport properties 

of drugs, either in solution or in biological membranes, a crucial factor which strongly 

affects the diffusivity of the drug molecules is their polarity18. High level quantum 

mechanical calculations can be very helpful in estimating the polarity of drug molecules. 

These calculations, when used in combination with techniques which estimate the atomic 

charge distributions by fitting procedures which reproduce the molecular electrostatic 

potential at a number of points around the molecule, can provide accurate descriptions of 

the polarity and the corresponding Coulombic interactions as implemented in force fields 

used to model the behavior of drug molecules in condensed phases19. 

The main aim of the present work was first to develop an effective interaction potential 

model for the Favipiravir antiviral drug molecule, by employing high level ab initio 

quantum chemical calculations to obtain the intramolecular geometry and charge 

distribution and using well-established Lennard-Jones parameters from the literature. And 

then, using this potential model, to perform classical molecular dynamics simulations in 

order to predict the hydration structure and related dynamics, as well as the diffusivity of 

this particular molecule. Favipiravir (T705, 6-fluoro-3-hydroxypyrazine-2-carboxamide) 

is a pyrazine analog, slightly soluble in water, that has demonstrated potent antiviral 

activity against a broad spectrum of viruses20-23. Favipiravir is a selective and potent 

inhibitor of influenza viral RNA polymerase and a promising drug for the treatment of 

infections caused not only by the influenza virus but also by a wide range of RNA viruses, 

including the Ebola virus20,22,23. Favipiravir has been recently suggested as one of the 

potential inhibitors interfering with the RNA-dependent RNA polymerase of the SARS-

CoV-2 coronavirus5. Chinese authorities have also recently granted approval to use 



Favipiravir in clinical trials to see whether it works against SARS-CoV-2 as well. In view 

of the importance of the use of Favipiravir, the development of a model which could 

provide important information regarding the behavior of this drug in aqueous solutions 

becomes indispensable. Apart from that, such a model could be used in further future 

molecular docking simulation studies to understand in detail the molecular-scale 

phenomena which could help in targeting the infection pathways of several viruses, with 

particular emphasis on the SARS-CoV-2 coronavirus. 

2. Computational Details 

Quantum chemical calculations were first employed to geometry optimize Favipiravir. 

These calculations were performed using Gaussian 0924 at the MP2 level of theory, which 

in general is efficient to recover dispersion effects, using the cc-pVTZ25 basis set. 

Frequency analysis was also carried out for the optimized structure ensuring the presence 

of no imaginary modes. The calculated structural parameters, such as bond lengths and 

angles of this planar molecule were found to be in good agreement with available 

experimental crystallographic data26, extracted from the data reported in a previous 

theoretical study27, as it can be seen in Table 1.  

The atomic charge distribution in Favipiravir was calculated by employing the CHELPG 

scheme28, to reproduce the molecular electrostatic potential at a number of points around 

the investigated optimized structure. In order to build a potential model, also called force 

field, for classical MD studies, these atomic charges were used in combination with 

existing sigma (σ) and epsilon (ε) 12-6 Lennard-Jones (LJ) parameters taken from the 

OPLS-AA force field29. The intramolecular geometry was kept rigid in this particular 

model. These LJ parameters have been parametrized for many different classes of organic 

molecules29, in order to accurately predict the thermodynamic, structural and dynamics 

properties of organic fluids in a wide range of thermodynamic conditions. A summary of 

the intramolecular coordinates, charges and LJ parameters corresponding to each type of 

atoms of the Favipiravir molecule are presented in Table 2. The optimized structure of 

Favipiravir and the names corresponding to the different atom types in the force field are 

also presented in Figure 1.  



Table 1: Calculated bond lengths and angles of Favipiravir, presented together with 

available experimental crystallographic data 

Bond 

Lengths (Å) 

Calculated Experimental 

(Ref. 26) 

Bond Angles 

(deg) 

Calculated Experimental 

(Ref. 26) 

Oh  - Hh 0.992 0.820 Hh – Oh – C2 105.05 109.5 

CC - OC 1.238 1.244 Oh – C2 – C3 122.35 123.5 

Oh  - C2 1.328 1.328 C3 – CC – OC 120.95 119.7 

CC - C3 1.487 1.481 C3 – CC – Nam 115.02 117.3 

CC - Nam 1.341 1.318 CC – Nam– HN 119.04, 119.23 119.1, 120.0 

HN - Nam  1.004, 1.005 0.860 C2 – C3 – CC 120.20 120.7 

C2 - C3 1.410 1.397 OC – Nam– HN 124.02 123.1 

C1 - C2 1.394 1.390 CC – C3 – N2 118.00 118.0 

C2 - N3 1.337 1.340 C2 – C3 – N2 121.80 121.4 

C1 - N3 1.331 1.306 C3 – C2 – N3 120.74 120.8 

C1 - HR 1.081 0.930 C3 – N2 – C4 115.95 116.3 

C4 - F 1.332 1.339 N2 – C4 – F 117.22 116.8 

C4 – N2 1.311 1.295 C1 – C4 – F 119.42 119.9 

C3 – N2 1.342 1.335 N3 – C1 – HR 118.16 119.4 

 

 

 

 

 

 

 

 

 

 



Table 2: Intramolecular coordinates, LJ parameters and charges corresponding to each 

atom type of the force field employed in the MD simulations to model Favipiravir. 

Atom 
Type 

x (Å) y (Å) z (Å) σ (Å) ε (kcal/mol) q ( |e| ) 

C1 2.079878 0.874058 0.000005 3.55 0.070 0.035 

C2 -0.163666 1.262621 0.000002 3.55 0.070 0.608 

C3 -0.389370 -0.129326 -0.000015 3.55 0.070 -0.113 

C4 1.830084 -0.496904 -0.000013 3.55 0.070 0.458 

HR 3.092810 1.252692 0.000019 2.42 0.030 0.147 
CC -1.777820 -0.661919 -0.000047 3.75 0.105 0.688 
Nam -1.872179 -1.999190 0.000020 3.25 0.170 -0.753 
HN -2.780506 -2.426465 0.000136 - - 0.363 
HN -1.029773 -2.547839 0.000129 - - 0.363 

OC -2.752681 0.101357 -0.000022 2.96 0.210 -0.614 
N2 0.623281 -1.010033 -0.000019 3.25 0.170 -0.337 
N3 1.080491 1.753448 0.000010 3.25 0.170 -0.429 
F 2.853843 -1.348308 0.000002 2.85 0.061 -0.255 
Oh -1.157059 2.143395 0.000021 3.07 0.170 -0.591 
Hh -1.984994 1.597612 0.000044 - - 0.430 

 

 

Figure 1: Optimized intramolecular structure of Favipiravir at the quantum chemical level 

and the names corresponding to the different atom types in the force field. 



Note that the molecular dipole moment of Favipiravir for this particular model is 3.53 D. 

The development of force fields for water has been a topic of constant interest over the last 

decades and a very large variety of force fields have been proposed to describe the 

properties of water30,31.  In the present study we have used the TIP4P/2005 potential 

model32, which provides a realistic description of the properties and anomalies of water in 

a wide range of thermodynamic conditions. 

The solvation structure of Favipiravir at infinite dilution in pure ambient water (T= 298.15 

K and P=1 bar) has been subsequently investigated via classical MD simulations. one 

Favipiravir molecule was placed among 499 water molecules inside a cubic simulation box 

with dimensions corresponding to the bulk water density.  The initial configuration of the 

simulated system was prepared by using the Packmol33 software and the system was then 

equilibrated by performing an initial 2 ns MD simulation at the isothermal-isobaric (NPT) 

ensemble.  The density of the equilibrated system was then calculated by a subsequent 2 

ns production NPT-MD run. Using the box dimension corresponding to the calculated 

density of the system at 1 bar, the system was then re-equilibrated at the canonical (NVT) 

ensemble for 2 ns and finally, the system properties under equilibrium were evaluated in a 

subsequent 2 ns NVT-MD production run. The equations of motion were integrated using 

a leapfrog-type Verlet algorithm16 with an integration time step of 1 fs.  The temperature 

was fixed to 298.15 K and the pressure to 1 bar by coupling the system to a Nose-Hoover 

thermostat34 and barostat35 with relaxation times of 0.5 ps, respectively. The rigid body 

equations of motion for the Favipiravir and the water molecules were expressed in the 

quaternion formalism. A cut-off radius of 12.0 Å has been applied for all Lennard-Jones 

interactions and long-range corrections have also been taken into account. To account for 

the long-range electrostatic interactions the standard Ewald summation technique has been 

used. The simulation runs were performed using the DL_POLY36 simulation code.  

3. Results and Discussion 

The hydration structure of Favipiravir in ambient liquid water was investigated in terms of 

the atom-atom and center of mass – center of mass (COM-COM) radial distribution 

functions (RDF) g (r). The most representative RDFs are presented in Figure 2. From the 

shape of the calculated atom-atom RDF it can be clearly seen that the Favipiravir atoms 



which exhibit the strongest interactions with the water molecules are the hydrogen atoms 

HN of the -NH2 group, the oxygen atom of the carbonyl group OC and the oxygen atom of 

the hydroxyl group Oh. The RDF for the HN – OW pair exhibits a first, low-intensity, peak 

at 2.03 Å, followed by a minimum at 2.53 Å. Similarly, the OC – HW RDF exhibits a first 

peak at 1.78 Å, followed by a minimum at 2.43 Å. The corresponding position of the first 

maximum and minimum for the Oh – HW RDF are 1.93 and 2.38 Å, respectively. The fact 

that these maxima and minima are located in very short intermolecular distances are clear 

indications of the existence of hydrogen bonding (HB) between Favipiravir and the water 

molecules. However, the low intensities of these corresponding peaks signify that these 

interactions are not very strong.  

The shape of the RDF for the F – HW pair, with an even lower intensity shoulder, located 

in the range 1.93-2.43 Å, also indicates the existence of weak short-range HB interactions 

between the water hydrogen atoms and the fluorine atom of Favipiravir. As it can be 

observed, depending on the Favipiravir atom which interacts with water, the water 

molecules can act either as HB donors or acceptors. When the water molecules interact 

with the HN or the F atoms of Favipiravir they act as HB acceptors, interacting with their 

oxygen atoms. On the contrary when they interact with the OC and Oh atoms, they act as 

HB donors, interacting with their hydrogen atoms. The size of the first solvation shell of 

Favipiravir can also be estimated by the shape of the calculated COM-COM RDF. As it 

may be observed the COM-COM RDF exhibits a first maximum at 5.43 Å, followed by a 

minimum at 6.48 Å, which corresponds to the first solvation shell radius. The coordination 

number corresponding to the first solvation shell of Favipiravir is 33.6.  

 

 

 

 

 



 

 

 

Figure 2: Calculated atom-atom and COM-COM radial distribution functions, 

corresponding to the Favipiravir-water pairs. 



In order to provide a more quantitative description of the hydrogen bonds formed between 

the Favipiravir molecule and its closest water neighbor molecules, a HB analysis was 

performed by employing common geometric criteria. According to these criteria, a 

hydrogen bond between a Favipiravir atom X and a hydrogen or oxygen atom of water 

(depending if water acts as HB acceptor or donor) exists if the interatomic distances are 

defined as follows: d(X…OW) or d(X…HW) ≤  rmin (rmin is the first minimum of the 

corresponding RDF) and the donor-acceptor angle θ = Hw – OW … X (when water acts as 

HB donor) or θ = X – Y … OW ( Y is the Favipiravir atom connected to X, when X is the 

donor atom) is such as θ ≤ 30º 37,38 (note also that the symbol – corresponds to 

intramolecular vectors and the symbol … to intermolecular ones) . Using these geometric 

criteria, we focused on the HN … OW, OC … HW, Oh … HW and F … HW hydrogen bonds 

and calculated the fractions of configurations where the Favipiravir molecule forms 0-2 of 

each type of bond. The so-obtained results are presented in Figure 3.   From this Figure it 

can be observed that the fraction of the configurations where Favipiravir forms one and 

two HN … OW and OC … HW hydrogen bonds are higher in comparison with the other two 

types of hydrogen bonds (Oh … HW and F … HW). In the latter cases, the fraction of 

configurations with zero hydrogen bonds is much more pronounced. This is a clear 

indication that the HN … OW and OC … HW hydrogen bonds are the most pronounced in 

the system. This is also clearly reflected on the average number of hydrogen bonds of each 

type formed by the Favipiravir molecule. The average numbers < n HB > per Favipiravir 

molecule for the investigated hydrogen bond types HN … OW, OC … HW, Oh … HW and         

F … HW are 1.20, 1.02, 0.60 and 0.29, respectively. 



 

Figure 3: Calculated hydrogen bond statistics for the different types of Favipiravir-water 

hydrogen bonds. 

Apart from the static description of the hydrogen bonds formed between Favipiravir and 

the water molecules, their dynamics were also investigated in terms of the corresponding 

( )HBC t  time correlation functions (tcf)39-41: 

( )
( ) ( )

( )
*

2

0

0
ij ij t
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h h t
C t

h

⋅
=                                                      (1) 

while the HB lifetime HBτ  is defined as: 

( ) dttCHBHB ⋅= ∫
∞

0

τ                                                     (2) 

The variable ijh  is such as ( ) 1ijh t =  when molecule j is hydrogen bonded with molecule i 

at times 0 and t, and the corresponding hydrogen bond persists for a period longer than t*, 



otherwise, ( ) 0ijh t = . As in the case of residence dynamics, * 0t = corresponds to the 

continuous HB dynamics, and ∞=*t corresponds to the intermittent one. The calculated 

continuous and intermittent tcfs ( )C
HBC t  and ( )tC I

HB  for all the investigated types of 

hydrogen bonds are presented in Figure 4.  

 

Figure 4: Calculated continuous and intermittent hydrogen bond time correlation functions 

for the different types of Favipiravir-water hydrogen bonds. 



The corresponding calculated continuous and intermittent HB lifetimes,  C
HBτ  and I

HBτ  

are also presented in Table 3. From these data it can be clearly seen that the trends regarding 

the intermittent HB lifetimes follow the sequence:                                                                                        
I

HBτ (OC … HW) > I
HBτ  ( HN … OW) >  I

HBτ  (Oh … HW) > I
HBτ  (F … HW).  The continuous 

lifetimes of the OC … HW and HN … OW hydrogen bonds are almost the same and longer 

than the continuous lifetimes of the Oh … HW and the F … HW hydrogen bonds, with the 

latter having a very short continuous lifetime (0.1 ps). As we may therefore observe the 

lifetimes of the OC … HW and HN … OW hydrogen bonds are comparable with the lifetimes 

of water-water hydrogen bonds in pure bulk water, predicted in previous studies39-41, 

whereas in the cases of the  Oh … HW and, particularly,  the F … HW hydrogen bonds, their 

lifetimes are much shorter. These findings clearly indicate that in general the interactions 

between Favipiravir and the water molecules are not particularly strong.  

Table 3: Calculated average number of hydrogen bond types formed per Favipiravir 

molecule and their corresponding continuous and intermittent HB lifetimes. 

H. Bond Type OC … HW HN … OW Oh … HW F … HW 

HBn   

(per Favipiravir 

molecule) 

1.02 1.20 0.60 0.29 

C
HBτ (ps) 0.62 0.64 0.26 0.10 

I
HBτ (ps) 5.40 3.93 2.60 0.77 

 

As mentioned in the introduction, providing quantitative descriptions of the diffusion of 

drugs in aqueous solutions could be crucial for the understanding of the role of unstirred 

water layers on drug permeation in biological membranes. Therefore, in the present study 

we also calculated the self-diffusion coefficient of Favipiravir in water from the molecular 

translational mean square displacement (MSD) using the well-known Einstein relation: 

21 1lim (0) ( )
6S i it

D r r t
t

→ →

→∞
= −                                               (3) 



The calculated MSDs for Favipiravir and water are presented in Figure 5. The resulting 

self-diffusivities for Favipiravir and water are 9 2 1( ) 0.58 10SD Favipravir = m s− −⋅ ⋅  and 

9 2 1
2( ) 1.99 10SD H O = m s− −⋅ ⋅ , respectively.  As it can be clearly noticed, the self-diffusion 

coefficient of Favipiravir is more than three times lower in comparison with the value for 

water, this later value being similar to that obtained for bulk water42 ( 9 2 12.299 10 m s− −⋅ ⋅ ) . 

The calculated self-diffusion of Favipiravir in water has been presented in Table 4 together 

with the measured values of the self-diffusion of several representative pharmaceutical 

compounds in water, using several experimental techniques, which have already been 

presented in the literature9,43-46.  

 

Table 4: Calculated translational self-diffusion coefficient of Favipiravir, presented 

together with previously reported experimental values of common representative anti-

inflammatory drugs, antibiotics and corticosteroids in aqueous solutions at very low 

concentration. In parentheses, the techniques used to evaluate the self-diffusion coefficient 

of each pharmaceutical compound are also mentioned. 

Compound D (in water) 
(10-9 m2/s) 

Favipiravir (This Work) 0.58 (MD) 
Aspirin 0.65 (NMR) 41 

Paracetamol 0.66 (NMR)41, 0.66 (Taylor Dispersion)43, 
0.78 (UV-Vis) 9 

Salicylic acid 0.76 (NMR) 41 

2-acetamidobenzoic acid 0.58 (NMR) 41 

Penicillin G 0.64 (UV-Vis) 9,  
0.40 42 

(open-ended capillary tube technique) 
Ampicillin 0.46 42 

(open-ended capillary tube technique) 
Tetracycline 0.58 (UV-Vis) 9 

Trimethoprim 0.56 (UV-Vis) 9 

Ketoprofen 0.64 (UV-Vis) 9 

Beclomethasone 0.67  
(chromatographic broadening method)44 

Prednisone 0.73  
(chromatographic broadening method)44 

 



 

Figure 5: Calculated translational mean square displacements for Favipiravir and water. 

Taking into account that in general reported self-diffusion values may depend on the 

experimental technique and the force fields employed in simulation studies, the main 

purpose of this comparison is to demonstrate that the diffusion of Favipiravir in water is 

in a similar range with the diffusion of common painkillers and anti-inflammatory drugs 

(e.g. paracetamol, aspirin, ketoprofen), as well as antibiotics (e.g. tetracycline, 

trimethoprim,  Penicillin G) and corticosteroids for asthma treatment (e.g. beclomethasone, 

prednisone) in a very similar concentration range. 

Apart from the translational dynamics, rotational dynamics could also significantly affect 

the mechanisms of drug permeability and might serve as probes of the size and symmetry 

dependence of the dynamics of molecules in confined environments, as it has been shown 

in our previous study47. Interestingly, another previous study in the literature has also 

shown that the rotation of the medium used for the drug transport can induce an accelerated 

drug release48. The study of rotational dynamics of nanoparticles on cell membranes can 

also lead to a better understanding of the mechanisms of drug delivery and further assist 

the rational design of surface modification strategies for drug delivery vectors under 

various circumstances49. Therefore, rotational dynamics can be very important from the 



study of pharmacokinetics, although they are often neglected and attention is primarily paid 

on the translational dynamics. In the case of solutes dissolved in water, the rotational 

dynamics is strongly affected by their local environment and particularly the HB network 

around them50. Translational diffusion of these solutes is often coupled to their rotational 

dynamics which in turn are coupled to similar motions of the surrounding water 

molecules50. The reorientational dynamics of the Favipiravir in the present study was also 

studied in terms of the Legendre reorientational time correlation functions for specific 

intramolecular vectors of the cation: 

( ) (0) ( )R i iC t P u u t
→ →

= ⋅                                                      (4) 

The corresponding Legendre reorientational correlation times can be calculated using the 

following equation: 

0

( )R RC t dtτ
∞

= ⋅∫                                                                              (5) 

In Eq. 4  iu
→

is a unit intramolecular vector associated with a molecule i, and P  is a 

Legendre polynomial of order  . The calculated first and second order Legendre 

reorientational time correlation functions for several representative intramolecular vectors 

of Favipiravir and the O-H vector of water molecules are presented in Figure 6 and the 

estimated corresponding correlation times in Table 5. From these figures, it can be seen 

that the calculated reorientational times for the different intramolecular vectors of 

Favipiravir are about 5-7 times longer in comparison with the values corresponding to the 

O-H vector of the water molecules. This finding signifies that the rotational motions in 

Favipiravir are much slower in comparison with water, this trend being even more 

pronounced than for the translational dynamics mentioned above. The ratio of the 

calculated first and second order Legendre reorientational times 1 2/R Rτ τ  for the 

investigated intramolecular vectors of Favipiravir is also in the range of 2.3-2.4, clearly 

indicating the deviation from the well-known equation 1 23R Rτ τ= ⋅  which is valid only in 

the case of diffusive dynamics51-53. 



 

Figure 6: Calculated first and second order Legendre reorientational correlation functions 

for several representative intramolecular vectors of Favipiravir and the O-H vector of water 

molecules. 

 

 



Table 5: Calculated first and second order Legendre reorientational correlation times for 

several representative intramolecular vectors of Favipiravir and the O-H vector of water 

molecules. 

Vector τ1R (ps) τ2R (ps) 
Nam - HN 35.2 15.4 
Oh - Hh 37.8 15.7 
CC - OC 30.8 13.4 
N2 - N3 28.5 12.3 

OW – HW 5.6 2.2 
 

4. Conclusions 

In the present treatment, a combination of static quantum chemical calculations and 

classical molecular dynamics simulations has been employed to investigate the hydration 

structure and dynamics of the antiviral drug Favipiravir. In this framework a rigid all-atom 

force field for Favipiravir has been employed in the molecular dynamics simulations in 

order to reveal the local intermolecular structure around this antiviral drug molecule, as 

well as related dynamics. The so-obtained results demonstrated that the Favipiravir atoms 

which exhibit the strongest interactions with the water molecules are the hydrogen atoms 

HN of the -NH2 group of Favipiravir, the oxygen atom of the carbonyl group OC and the 

oxygen atom of the hydroxyl group Oh. These atoms form hydrogen bonds of the type        

HN … OW, OC … HW, Oh … HW with the surrounding water molecules. Less prominent 

hydrogen bonds F … HW, between the fluorine atom of Favipiravir and the hydrogen atoms 

of the water molecules have also been observed. The dynamics of these hydrogen bonds 

have been investigated and the trends regarding their intermittent HB lifetimes are          
I

HBτ (OC … HW) > I
HBτ  ( HN … OW) >  I

HBτ  (Oh … HW) > I
HBτ  (F … HW). The continuous 

lifetimes are in the sub picosecond range and intermittent lifetimes in the range of 0.8-5.4 

ps. Providing quantitative descriptions of the diffusion of drugs in aqueous solutions could 

also be crucial for the understanding of the role of unstirred water layers on drug 

permeation in biological membranes. For this reason, the self-diffusion coefficient of 

Favipiravir in water was also calculated and was found to be comparable to the values 

measured for other common painkillers and anti-inflammatory drugs (e.g. paracetamol, 



aspirin, ketoprofen), as well as antibiotics (e.g. tetracycline, trimethoprim, Penicillin G) 

and corticosteroids for asthma treatment (beclomethasone, prednisone). It has also been 

found that it is about three times lower in comparison with the diffusion of the water 

molecules in the aqueous solution. The rotational motions of Favipiravir were also 

investigated and it was found that the calculated reorientational times for the different 

intramolecular vectors of Favipiravir are about 5-7 times larger in comparison with the 

values corresponding to the O-H vector of the water molecules. This finding signifies that 

the rotational motions in Favipiravir are even more retarded in comparison with water than 

the translational ones. Furthermore, the evaluation of the first and second order Legendre 

reorientational times for selected intramolecular vectors of Favipiravir has also revealed 

that these dynamics are not diffusive. 

The understanding of the hydration structure and diffusion mechanisms of active 

pharmaceutical ingredients in water could be correlated with their in vivo drug dissolution 

rate and could be used in a first-step screening approach to classify drugs based on their 

bioavailability. Furthermore, the training of force field for drug molecules with antiviral 

activity, such as Favipiravir, could be very useful in future in silico studies to understand 

in detail the molecular-scale phenomena which could help in targeting and blocking the 

infection pathways of several viruses, with particular emphasis on the SARS-CoV-2 

coronavirus.  
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