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Abstract: The development and approval of new drug is a 

tedious, expensive and highly time-consuming task. The demand 

of new drugs is increasing, and the development of natural drugs 

and traditional drugs are re-emerging as a new strategic task. 

The in-silico techniques have boosted the development of 

potential drug candidates. One important category of drugs is 

nootropes. It improves the cognitive function, memory, 

motivation and creativity in healthy individuals. The demand of 

the nootropic drugs has skyrocketed in past few decades. 

Modafiendz is a novel drug that is often used by the consumers as 

it is having similarity in structure and property with modafinil 

(Nootropic drug). But no major studies have been carried out on 

this molecule, so remains an investigatory molecule.    

There are several in-silico techniques that can be used to 

predict the likeness, metabolic activity and pharmacological 

property of a molecule. In the current study, realizing the 

importance of modafiendz, various properties of modafiendz have 

been predicted like metabolism site, ADME properties, metabolite 

prediction and DNA adduct formation tendencies.The properties 

of modafiendz were found to be similar to modafinil in various 

regards of drug likeability, bioavailability, blood brain 

permeability (BBB), GI absorption and site of metabolism 

(SOM). The study suggests modafiendz as a better nootropic drug 

candidate, when compared to modafinil. 

Keywords: no tropics, modafinil, modafiendz, in-silico 

analysis, ADME, DNA adduct 

I. INTRODUCTION 

When compared to past decades the sales and availability of 

drugs has increased by many folds. Thiscan be credited to 

increased research in finding new or improved drugs to treat 

a specific condition and rapid improvements in industrial 

processes of drug manufacturing.  
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Based on their action and chemical structure the existing 

drugs can be categorized as antibiotics, antipyretics, 

analgesics, nootropics and many more [1]. Nootropic drugs 

also known as smart drugs are one such category that 

enhances the cognitive performance and work by increasing 

a number of mental functions such as memory, creativity, 

attention and motivation [1]. The term ‘nootropes’ is derived 

from Greek words ‘noos’ meaning mind and ‘tropein’ 

meaning towards [2]. It is estimated that the demand for 

nootropics would more than double in 2020 when compared 

to the demand in 2012 [3]. Some of the popular nootropic 
drugs include modafinil, adrafinil, GABA (gamma-

Aminobutyric acid) and aniracetam. 

The demand for new drugs has exponentially increased in 

today’s era because continuous and excessive use of these 

medicines has resulted in development of drug 

resistance.The drugs which were previously good enough to 

be used in case of a certain diseases are now no longer 

equally effective and so the search for potent drugs and their 

analogues are on the rise. However, the task of discovering a 

new drug and bringing it to the markets in itself is a tedious 

process. In United States, it takes about 12 to 7 years for a 
drug to come to market after the beginning of initial trials 

[4]. Also, there are a number of diseases for treating which 

no drugs have yet been approved or research is underway. 

Modafinil is a synthetic CNS (Central Nervous System) 

stimulant, cognitive enhancer and has alertness promoting 

property and appears to increase the amount of dopamine 

outside cells [5]. It is sold in markets as provigil and is 

prescribed in conditions like narcolepsy and obtrusive sleep 

apnea [6], [7].It was discovered by chemists at L. Lafon 

drug company in 1976 while studying about the properties 

of adrafinil, another drug that was discovered by the same 

company in 1974[8]. 

 
Modafiendz                           Modafinil 

Fig. 1. – Structures of modafiendz and modafinil 

Modafiendz is an allotrope of modafinil shown in figure 1 

[7]. Because of the structural similarity of modafiendz to 

modafinil, it is used by the consumers as a nootropic drug, 

however its metabolic activity and modesof action are still 

unknown. 

Since modafiendz is a structural analogue of modafinil 

which is one of the highly used nootropics in history,  
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some argue that the former has high potential to replace 

other nootropics.But this requires further research to 

conclude whether modafiendz is effective nootropic or not 

and can it be used to treat other medical conditions as well.  

While looking for new potential drugs, one of the major 

steps is to find out the metabolic pathway of the drug. 
Theknowledge about metabolic pathways plays an important 

role in understanding the internal functioning of an 

organism. It is by using this knowledge that alteration of 

metabolic pathways can be done to carry out or enhance the 

production of a desired product from microorganisms. There 

is a wide array of software and online resources for 

predicting the metabolic pathway and other properties of a 

new molecule. These online resources help in boosting the 

research output by furnishing important scientific 

information accessible to all.  

One of the first steps in metabolic pathway identification 

involves finding the sites of metabolism (SOM) in the given 
molecule, finding potential metabolites and checking for 

their ADME properties.  

While carrying out reconstruction of metabolic pathway of 

an organism a draft of all the known metabolic reactions 

taking place, needs to be considered along with knowledge 

of other parameters. The computational methods of 

metabolic pathway prediction involve matching a given 

query or molecule with the database of reaction rules for 

various enzymes (according to knownlaws of chemistry and 

mathematics). Following the similar strategy, efforts were 

made for finding relationship between the rates of reaction 
of enzymes on substrate molecules, later it could explain the 

dynamic functions of pathways such as glycolysis [9]. 

The majorenzymes involved in drug metabolism are 

CYP450, CYb5 besides others, falling under the category of 

monooxygenases [10]. Cytochrome P450(CYP450) family 

of enzymes are heme proteins with heme as the cofactor 

[11]. They carry out important function ofmetabolism of 

xenobiotics and drugs in mammals and are found in vast 

variety of life forms [12].  This family of enzymes is 

responsible for nearly 75% of the drug metabolism and 5 of 

the CYP450 enzymes present in humans are involved in 

nearly 95% of the reactions [13]. Mainly present in the liver 
they are also found in other organs like small intestines, 

kidney and the gut wall [14]. It is because of the important 

role of CYP450 enzymes in drug metabolism in humans that 

it is primarily considered in designing software and online 

resources for predicting the binding probabilities of the 

major CYP enzymes on sites in a given molecule. 

The other important analysis is prediction of DNA adduct 

formation property of the drug. Drugs are bioactivated by 

drug-metabolizing enzymes into reactive metabolites, which 

then conjugate to sites in proteins or DNA to form adducts 

[15]. DNA adducts can be used as a significant biomarker 
for exposure to carcinogenic agents. It is because of the 

property of DNA adduct formation being related to 

carcinogenicity of a molecule it can be deduced that which 

molecules are reactive with DNA [16]. 

As an amalgamation of various strategies of drug 

metabolism and pathway prediction (as stated above), in this 

paper an attempt has been made to unravel thesame for 

modafiendz by using various publicly available software and 

servers.The prediction of DNA adducts formation 

tendencies of the metabolites of modafinil and modafiends 

was also carried out to check for any carcinogenic nature. 
Lastly comparison of modafiendz with modafinil has also 

been carried out to check for difference in their properties 

and also validating the accuracy and reliability of in-slico 

predictions. The process flow chart is shown in figure 2. 

II. METHODS 

 
Fig. 2. Process flowchart of the study 

A. Site of metabolism prediction 

1) SMARTCyp 

SMARTCyp is one of the most widely used online resources 

for the prediction of the site of metabolism in a given 

molecule. It was introduced in 2010. It uses the 2D structure 

of the molecule in .sdf, .mol or SMILES (simplified 
molecular input line entry system) format and it predicts the 

CYP (CYP3A4, CYP2C9 and CYP2D6) mediated 

metabolism sites. Prediction from SMARTCyp is based on 

the density functional theory (DFT) to compute the 

oxidation states of the aliphatic carbons [17]-[19]. 

SMARTCyp is a free to access online resource. It works 

well for SOM prediction for smaller molecules. 

2) SOMP (Site Of Metabolism Prediction) 

SOMP is a free online resource for prediction of SOM of 

CYP2D6, CYP3A4, CYP2C19, CYP2C9, CYP1A2 and 

UGT. It was introduced in 2015. It is based on 

PASS(Prediction of activity spectra for substances) and 
LMNA descriptors, the PASS algorithm carries out the 

estimation of the likely profiles of biological activity based 

on the input structural formula [20]. 

B. ADME (absorption, distribution, metabolism, 

excretion) properties – SwissADME 

SwissADME is a free web tool that predicts the 

ADME(absorption, distribution, metabolism and excretion) 

properties and the drug likeliness of the molecule [21]. For 

predicting the ADME properties of the molecule, the input 

file can be imported from the local library, can be drawn by 

using structure editor tool or by simply providing the 

SMILES format. It is maintained by Swiss Institute of 

Bioinformatics(SIB). It also checks the molecule for a 

number of rules of drug likeness like Lipinski’s rule of 5, 

Ghose’s rule, Veber’s rule, Egan’s rule and Muegge’s rule 

[22]-[26]. 
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C. Metabolite analysis – BioTransformer 

BioTransformer is a free online tool that carries out the 

prediction of metabolism of small molecules in mammals 

[14]. It was launched in 2018 and this project was supported 

by Canadian Institute of Health Research (CIHR). 

BioTransformer combines knowledge centric and a machine 

learning based methods to predict metabolism in a molecule, 

it is capable of predicting metabolic reactions in human gut 

environment and also in environmental microbial setting 

[14]. 

D. DNA adduct formation tendency – Xenosite 

reactivity 2.0 

Xenosite reactivity 2.0 is an online resource for predicting 

reactivity of any metabolite with DNA thereby identifying 

which molecule can potentially lead to DNA adduct 

formation [15], [27], [28]. In xenosite reactivity 2.0 

glutathione is considered as an indicator of drug toxicity.  

Along with DNA it also predicts the reactivity of a molecule 
with cyanide, GSH and proteins. These predictions range 

from a score of 0 to 1 and signified by a color shade for the 

score range as shown in fig. 3 and the site of reactivity is 

denoted by a circle in the structure of the molecule. 

 
Fig. 3. The reactivity scale of Xenosite reactivity 2.0 

 

 

 

 

 

 

III. RESULTS 

TABLE 1 - SMARTCYP RESULTS FOR CYP2D6, CYP3A4 AND CYP2C9 ISOFORMS IN CASE OF MODAFIENDZ 

Rank Score 
CYP3A4 

Atom number 
Score 

CYP2D6 atom 

number 
Score 

CYP2C9 atom 

number 

1 24.9 6 56.5 6 53.3 6 

2 53.3 1 61.3 1 61.3 1 

3 55.7 8 86.6 8 83.4 8 

 

TABLE 2 - SMARTCYP RESULTS FOR CYP2D6, CYP3A4 AND CYP2C9 ISOFORMS IN CASE OF MODAFINIL 

Rank Score 
CYP3A4 

Atom number 
Score CYP2D6 atom number Score 

CYP2C9 atom 

number 

1 24.7 14 49.8 14 47.4 14 

2 55.7 7 84.9 1 83.4 7 

3 69 16 86.6 7 84.9 7 

 

SMARTCyp results for modafiendz in table 1 show that the 

6th atom position in modafiendz is most susceptible to being 

attacked by CYP2D6, CYP3A4 and CYP2C9 isoforms, 

another possible SOM include 1
st
and 8

th
atom position. 

SMARTCyp shows the score for CYP isoforms based on 
density functional theory(DFT). In case of modafinil the 

results in table 2 shows that the 14thatom position is most 

susceptible to being attacked by the given CYP isoforms, 

other possible SOM includes 1stand 7thatom positions. In 

SMARTCyp the atom with lowest score has the highest 

possibility for being the SOM of the given CYP isoform. 

TABLE 3 - THE RANK AND DELTA P VALUES OF CYP3A4, CYP2D6 AND CYP2C9 ISOFORMSFOR MODAFIENDZ OBTAINED 

FROM SOMP. 

Rank Delta P CYP3A4 Atom number Delta P CYP2D6 atom number Delta P CYP2C9 atom number 

1 0.993 6 0.707 6 0.953 6 

2 0.419 1 0.663 1 0.684 1 

3 -0.091 2, 3 -0.902 3 -0.916 3 

TABLE 4 - THE RANK AND DELTA P VALUES OF CYP3A4, CYP2D6 AND CYP2C9 ISOFORMS FOR MODAFINIL OBTAINED 

FROM SOMP. 

Rank Delta P CYP3A4 Atom number Delta P CYP2D6 atom number Delta P CYP2C9 atom number 

1 0.996 14 0.842 14 0.977 14 

2 -0.994 17 0.219 1, 11 0.043 1, 11 

3 -0.993 18 0.146 2, 6, 10, 12 -0.992 17 

SOMP results for modafiendz shows the highest rank for 

6thatom position in case of CYP2D6, CYP3A4 and 

CYP2C9. SOMP and SMARTCyp both predict SOM but 
use different algorithm for that, SMARTCyp uses DFT 

whereas SOMP uses PASS. The SOMP results for modafinil 

shows the highest rank for 14thatom position in case of 

CYP2D6, CYP3A4 and CYP2C9 as shown in table 3 and 4. 

In case of SOMP the atom with the highest value of delta P 

has the highest probability of being the SOM of the given 
CYP isoforms. 
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TABLE 5 –SOME OF ADME PROPERTIES OF MODAFIENDZ 

AND MODAFINIL AS PREDICTED BY SWISSADME 

Properties Modafiendz Modafinil 

Molecular formula C16H15F2NO2S C15H15NO2S 

Molecular weight 323.36 G/mol 273.35 g/mol 

GI absorption High High 

BBB permeant Yes Yes 

Lipinski’s rule 

violations 
No No 

Ghose’s rule 

violations 
No No 

Veber’s rule 

violations 
No No 

Egan’s rule 

violations 
No No 

Meugge’s rule 
violations 

No No 

PAINS formation No No 

Bioavailability 

score 
0.55 0.55 

Log P o/w 

(lipophilicity) 
2.9 1.92 

 

Table 5 shows the ADME properties displayed by 

Modafiendz and modafinil respectively by SwissADME. As 

per the result both modafinil and modafiendz follow 

Lipinski’s rule of 5, Ghose’s rule, Veber’s rule, Egan’s rule 

and Muegge’s rule and display no violations.These 

ruleswere checked for the drug likeness of the molecule. 

The result also shows that both modafiendz and modafinil 

have high GI (gastrointestinal) absorption. The 
bioavailability score of both molecules was also predicted to 

be the same. Bioavailability is the proportion of the 

administered drug or other substance that ends up in 

circulation when is introduced in the body so as to have an 

active effect. The lipophilicity of modafiendz was predicted 

to be greater than that of modafinil. Lipophilicity of an ideal 

drug molecule should not betoo high or too low as the drug 

properties get adversely affected in these cases 

[29].Modafiendz and modafinil both was predicted to be 

blood-brain barrier permeant. 

 

TABLE 6 - POSSIBLE CHEMICAL REACTIONS OF 

MODAFIENDZ OBTANIED USING BIOTRANSFORMER 

S. no Metabolite Type of reaction 

1 

 

Hydroxylation of 

benzene on ortho 

carbon to an 
electron donating 

group 

2 

 

Epoxidation of 

arene 

3 

 

S-oxidation of 
sulfoxide to 

sulfone 

4 

 

Hydroxylation of 

aromatic carbon 

ortho to halide 

group 

5 

 

Hydroxylation of 

aromatic meta 

carbon to halide 

group 

 

TABLE 7 - POSSIBLE CHEMICAL REACTIONS OF MODAFINIL 

OBTAINED USING BIOTRANSFORMER 

S. no. Metabolite Type of reaction 

1 

 

Ortho-

hydroxylation of 

monosubstituted 

benzene 

2 

 

Hydroxylation of 

benzene on 

carbon ortho to 

an electron 
donating group 

3 

 

Hydroxylation of 

benzene on para 

carbon to an 

electron donating 

group 

4 

 

Para-

hydroxylation of 

monosubstituted 
benzene 

5 

 
+ 

Epoxidation of 

arene 
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6 

 

S-oxidation of 

sulfoxide to 

sulfone 

Table 6 and 7 shows the possible reactions that both 

modafiendz and modafinil can undergo during phase I drug 

metabolism and the possible resulting metabolites thus 

obtained using biotransformer tool. The structure of the 

molecule is used to check with database of chemical 

reactions and possible biotransformations are deduced. In 

case of modafiendz 4 unique metabolites are 

predicted(Table 6) resulting from 5 possible reactions and in 
case of modafinil 5 unique metabolites are predicted(Table 

7) resulting from 6 possible reactions. BioTransformer gives 

its results based on detailed annotations of experimentally 

confirmed metabolic reactions while applying preference 

and transformation rules.      

 
A                                       B 

 

 
                            C                                         D 

 

Fig. 4. The DNA reactivity diagram of the metabolites of 

modafiendz predicted using xenosite reactivity 2.0 

[15,28] 

 

 
                        A                                        B 

 

 

 
 

                          C                                         D 

 

 

 
E 

Fig. 5. The DNA reactivity diagram of the metabolites of 

modafinil predicted using xenosite reactivity server 2.0 

[15], [28] 

Fig. 4 and 5 shows the DNA reactivity figures of the 

possible metabolites of phase I metabolism of modafiendz 

and modafinil respectively with the help of predicted using 
xenosite reactivity 2.0 serve at 

http://swami.wustl.edu/xenosite/p/reactivity [15], [28]. 

IV. DISCUSSION 

To check the effectiveness of modafiendz as an effective 

nootropic the properties of modafiendz were deduced using 

a number ofwell-established softwares in this study. The 

same procedure was also used for deducing the properties of 

an earlier known nootropic drug modafinil, the properties of 

the two compounds were compared as the two molecules are 

structural analogues. CYP450 enzymes have a major role in 

metabolism of drugs or xenobiotics in human body.  

 



 

Prediction of No Tropic Properties of Novel Drug Modafiendz using in-Silico Method 

6 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B10010982S1219/2020©BEIESP 

DOI:10.35940/ijrte.B1001.0982S1219 

When a xenobiotic enters human body the CYP enzymes act 

on the molecule and convert it into lesser harmful forms. In 

this study SMARTCyp and SOMP software were used to 

find the sites of metabolism. Both the software predict SOM 

but with different algorithms, SMARTCyp works on the 

density functional theory(DFT) which determines the 
activation energies of the SOM and it is used to obtain the 

final score for a site for being the SOM in given CYP 

isoforms with lowest score for a site signifying the highest 

possibility of it being the SOM. SMARTCyp can predict the 

SOM for 3 CYP isoforms which are most commonly 

involved in drug metabolism. In case of SOMP the SOM 

can be obtained by PASS(Prediction of Activity Spectra for 

Substances) technology and LMNA descriptors. 

SMARTCyp was first released in 2010 whereas SOMP was 

released in 2015. These two resources offer two different 

approaches to find the SOM and hence they were used. The 

comparison of results of SMARTCyp and SOMP for 
modafiendz and modafinil is given in Table 8. 

TABLE 8 – COMPARISON OF RESULTS OF SMARTCYP AND 

SOMP FOR CYP ISOFORMS IN CASE OF MODAFIENDZ AND 

MODAFINIL. 

 Rank SMARTCyp SOMP 

CYP3A4 

Modafiendz 

1 6 6 

2 1 1 

3 8 2,3 

Modafinil 

1 14 14 

2 7 17 

3 16 18 

CYP2D6 

Modafiendz 

1 6 6 

2 1 1 

3 8 3 

Modafinil 

1 14 14 

2 1 1,11 

3 7 2,6,10,12 

CYP2C9 

Modafiendz 

1 6 6 

2 1 1 

3 8 3 

Modafinil 

1 14 14 

2 7 1,11 

3 1 17 

 

The ADME properties of the two molecules were also 

calculated using SwissADME software that was released in 

2017 and predicts the ADME properties, pharmacokinetic 

parameters and drug likeliness of a molecule. SwissADME 

shows the results under physiochemical properties, 

lipophilicity, solubility, pharmacokinetic properties, 
medicinal chemistry and drug likenessalong with the 

bioavailability radar image of the molecule. Lipophilicity is 

the ability of a chemical compound to dissolve or diffuse in 

fats, lipids and non-polar solvents [30].  

When deciding the overall quality of a potential drug, the 

role of lipophilicity is of prime importance, the value of 

lipophilicity of a drug molecule should not be too low and 

neither should the value be too high as in such cases the 

metabolism, permeability and solubility of the drug may get 

affected [29]. The physiochemical properties of a molecule 

include molecular formula, molecular weight and others. In 

SwissADME water solubility is predicted using two 

topology-based methods and a fragmental method [31]-[33]. 

The pharmacokinetic properties measured by SwissADME 

include blood brain barrier permeation, skin permeation, GI 

(gastrointestinal) absorption and others. The drug likeness of 

a molecule in SwissADME is checked using various rules of 
druglikeness, these rules check for the structural properties 

of a molecule and determine whether the molecule can 

behave as an ideal drug molecule or not. Bioavailability is 

also a factor for drug likeliness in a molecule. SwissADME 

also tells us about aspects of medicinal chemistry like 

formation of PAINS(pan assay interference compounds) and 

others. PAINS are compounds that affect the correct results 

in a number of high throughput screening methods by giving 

false positives [34]. A comparison of properties of 

modafiendz and modafinil as predicted by SwissADME is 

give below in table 2. 

From table 2 it was found that Modafiendz has additional 2 
fluorine and 1 carbon atoms when compared to modafinil 

and is also a heavier molecule than modafinil. Both were 

predicted to have high gastrointestinal absorption and same 

amount of bioavailability. Both GI absorption and 

bioavailability are important parameters of a drug molecule. 

It is after looking at the bioavailability of a drug molecule 

that the amount of dose that needs to be administered to a 

patient can be determined. Both modafiendz and modafinil 

show no violations of Lipinski’s, Ghose’s, Veber’s, Egan’s 

and Meugge’s drug likeability tests. Both molecules were 

predicted to be blood brain barrier (BBB) permeable.  The 
BBB is an important selectively permeable membrane which 

controls what enters the brain and it allows only few smaller 

molecules to pass through it, most of the drugs are not able 

to pass through the blood brain barrier [36]. The ability of a 

drug molecule to pass through blood brain barrier is found 

to increase with higher level of lipophilicity of the molecule 

[37]. 

When analyzed with BioTransformer, modafiendz was 

predicted to undergo 5 different reactions under phase 1 

metabolism, the types of reactions include hydroxylation, 

epoxidation and S oxidation and from the reactions 4 unique 

metabolites were predicted. Modafinil was predicted to 
undergo 6 different reactions under phase 1 metabolism, the 

types of reactions include o- and p- hydroxylation (ortho and 

para), hydroxylation, epoxidation and S oxidation. From the 

reactions 5 unique metabolites were predicted. 

Comparatively modafinil was found to undergo more variety 

of reactions and produces greater number of metabolites 

than modafiendz. Out of the reactions predicted for 

modafiendz and modafinil, 3 were found to be the same i.e 

S-oxidation of sulfoxide to sulfone, hydroxylation of 

benzene on carbon ortho to an electron donating group and 

Epoxidation of arene. The metabolites of modafiendz and 
modafinil were checked for their DNA binding ability using 

xenobiotic reactivity 2.0. The color at SOM of molecule 

depicts the score, where white color signifies nonexistent 

DNA reactivity;red color signifies maximum reactivity with 

DNA. In fig 4 from the predicted metabolites of modafiendz 

3(1st and 2nd) of the 4 metabolites showed medium 

reactivity with DNA(seen in green color) with 2nd 

metabolite showing the highest score among the other 

metabolites (signified by its 

darker shade of green color). In 

fig 5 from the predicted 
metabolites of modafinil 2 (3rd 
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and 4th) of the 5 metabolites showed medium DNA 

reactivity(signified by green color) and both of the 

metabolites displayed same score(due to the same shade of 

green color), however, the shade of green was darker in 

metabolites of modafinil when compared to metabolites of 

modafiendz. Hence the metabolites of modafinil have 
greater tendency to form DNA adducts. 

V. CONCLUSION 

Using the different metabolic pathway prediction tools, the 

properties and chemical nature of the molecules were 

predicted. The properties of modafiendzwere found to 

besimilar to modafinil in various regards of drug likeability, 

bioavailability,blood brain permeability (BBB), GI 

absorption andsite of metabolism (SOM). However, the 

metabolites of modafiendzshowed to have lesser tendency to 

form DNA adducts and alsopredicted to have BBB 

permeablity, this makes modafiendz a better nootropic drug 

candidate, when compared to modafinil.  
In coming years, the use of in-silico techniques and software 

for drug properties analysis and pathway prediction would 

not only improve but would garner greater attention and 

application from research world.It is expected that in near 

future more and more tests and analysis techniques would be 

freely accessible and available to all. It is because of this 

easy accessibility and high functionality of these approaches 

the research work has been made easier and accessible to 

everyone and hence such platforms promote research and 

innovation across the globe. 
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