
INTRODUCTION

Viruses are small infectious agents, which contain 
either RNA or DNA as genetic material, hence classified 
as RNA virus or DNA virus. The majority of the viruses 
have RNA genome, which is further classified into posi-
tive sense and negative sense RNA strands, and encodes 
limited number of proteins. The viral polypeptide is en-
coded by single open reading frame in all flaviviruses 
and cleaves into various proteins by cellular and viral 
proteases. A viral genome usually translates two kinds of 
proteins, i.e. structural proteins and nonstructural (NS) 
proteins. The structural proteins are involved in  protec-
tion of the genome while the NS proteins are involved in 
the formation of viral replication complex1-2. 

The genus Flavivirus of the family Flaviviri-
dae comprises large number of viruses. Most of these 
viruses are arthropod-borne human pathogens includ-
ing Japanese encephalitis virus (JEV), West Nile virus 
(WNV), Yellow fever virus (YFV), Zika virus (ZIKV) and 

Dengue virus (DENV)3. Dengue is an arboviral infection 
and is transmitted primarily by Aedes aegypti mosquitoes 
which breeds in stagnant water4. Dengue virus has five se-
rotypes, namely DENV-1, DENV-2, DENV-3, DENV-4 
and DENV-55. These are responsible for spectrum of dis-
eases ranging from asymptomatic, mild febrile (dengue 
fever) to a life-threatening illness, dengue hemorrhagic 
fever (DHF)/dengue shock syndrome (DSS)6. 

After the entry and attachment of virus with host cells, 
the progression of virus life cycle is carried out by the NS 
proteins of DENV. Nonstructural 4B is a trans-membrane 
protein and contributes to the inhibition of the interferon-
α/β (IFN-α/β) response, therefore, plays a vital role in the 
virus replication and proliferation. It is the least targeted 
protein as compared to other proteins of dengue virus. NS3 
dissociates NS4B from single stranded RNA by increas-
ing the helicase activity7. The structure of NS4B is 35% 
similar to other flavivirus, i.e.  YFV and WNV, while the 
similarity of NS4B among dengue serotypes is 78–85%8. 
Nonstructural 4B protein from DENV-4 (DENV4-NS4B) 
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ABSTRACT

Background & objectives: Dengue fever, caused by dengue virus (DENV), has become a serious threat to human 
lives. Phytochemicals are known to have great potential to eradicate viral, bacterial and fungal-borne diseases in 
human beings. This study was aimed at in silico drug development against nonstructural protein 4B (NS4B) of 
dengue virus 4 (DENV4). 
Methods: A total of 2750 phytochemicals from different medicinal plants were selected for this study. These plants 
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human for long-time. The ADMET studies, molecular docking and density functional theory (DFT) based analysis 
were carried out to determine the potential inhibitory properties of these phytochemicals. 
Results: The ADMET analysis and docking results revealed nine phytochemicals, i.e. Silymarin, Flavobion, Derrisin, 
Isosilybin, Mundulinol, Silydianin, Isopomiferin, Narlumicine and Oxysanguinarine to have potential inhibitory 
properties against DENV and can be considered for additional in vitro and in vivo studies to assess their inhibitory 
effects against DENV replication. They exhibited binding affinity ≥ –8 kcal/mol against DENV4-NS4B. Furthermore, 
DFT based analysis revealed high reactivity for these nine phytochemicals in the binding pocket of DENV4-NS4B, 
based on ELUMO, EHOMO and band energy gap. 
Interpretation & conclusion: Five out of nine phytochemicals are reported for the first time as novel DENV inhibi-
tors. These included three phytochemicals from Silybum marianum, i.e. Derrisin, Mundulinol, Isopomiferin, and two 
phytochemicals from Fumaria indica, i.e. Narlumicine and Oxysanguinarine. However, all the nine phytochemicals 
can be considered for in vitro and in vivo analysis for the development of potential DENV inhibitors.
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is highly hydrophobic and associates with the lumen side 
membrane of endoplasmic reticulum8. The cytoplasmic 
loop and downstream C-terminal regions are specifically 
mediated for the dimerization of DENV4-NS4B9. 

Phytomedicines are naturally occurring compounds 
that have numerous medicinal properties. These are plant 
derived compounds, usually referred as phytochemicals. 
Several studies have reported the effectiveness of phy-
tochemicals against various diseases10. The phytochemi-
cals are secondary metabolites produced in biosynthetic 
pathways of the plants, and there is a huge variety of  
these compounds which are known to have potential  
antiviral, antibacterial, antifungal, anticancer, and other 
properties11. 

Screening of drugs using in vitro and in vivo analysis 
is becoming increasingly difficult, time consuming and 
costly due to high number of compounds under investiga-
tion. The in silico approaches using computational tech-
niques facilitate the drug discovery process by making 
the analysis cost-effective and resource efficient. More 
drugs can be discovered using the computational chem-
istry mechanism with minimal investment of money and 
time. Therefore, the main benefit of in silico drug design-
ing is its cost-effectiveness in research and development 
of drugs. Benefits of using in silico methods can be ex-
ploited in all the stages of drug development, i.e. from the 
preclinical discovery stage to late stage of clinical devel-
opment. Computer aided drug design helps to screen the 
potent and most important medicinal compound with high 
efficiency12. This in silico study targets the inhibition of 
DENV4-NS4B with phytochemicals derived from vari-
ous medicinal plants, i.e. Silybum marianum, Tanacetum 
parthenium, Fumaria indica, Solanum nigrum, Androg-
raphis paniculata and Melissa officinalis which are lo-
cally present in Pakistan and India. The phytochemicals 
of these plants are known to have inhibitory effect against 
many viral and bacterial diseases11; however, this study 
analyses the inhibition potential of these phytochemicals 
against DENV4-NS4B.  

MATERIAL & METHODS

Homology modelling
The study targeted the DENV4-NS4B protein for dis-

covery of potential inhibitors against this protein; how-
ever, there is no crystal structure available for this protein. 
Due to this reason, homology modelling was performed to 
model the tertiary structure of the protein. NCBI-BLAST 
was used to find the homologous proteins of DENV4-
NS4B and homology modelling was performed using 
Modeller 9.1813-14. 

Collection of phytochemicals
A total of 2750 phytochemicals including 1292 fla-

vonoids, 488 sesquiterpene, 475 terpenoids and 495 alka-
loids were selected through literature survey. It took 4–6 
months for searching the plants and their phytochemicals. 
Search was made using different keywords such as plant 
names, their activities and country of origin (restricted to 
Pakistan and India only). For selected plants, their phy-
tochemicals were searched and structures were retrieved 
from PubChem and DrugBank. These phytochemicals 
which have been reported for their antibacterial, antimi-
crobial, antifungal, anti-tumor and antioxidative proper-
ties, were studied to identify their novel antiviral potential 
against dengue virus.

Screening of phytochemicals—ADMET and drug likeness 
prediction

The phytochemicals were filtered on the basis of AD-
MET properties and drug likeness prediction, using the 
PreADMET server15. Pharmacological properties and 
pharmacokinetics of the phytochemicals, i.e. solubility 
(ESOL), gastro intestinal (GI) absorption, blood brain 
barrier (BBB) penetration and Lipinski’s rules violations 
were analyzed16. The criteria set for screening compounds 
were: Lipinski’s violations = 0; Solubility = High; GI-
absorption = High or Moderate; BBB-permeability = No; 
and Toxicity = Zero/Nil.

Molecular docking and binding energy estimation
Molecular docking of DENV4-NS4B with selected 

phytochemicals was performed using AutoDock Tools  
and Auto Dock Vina17-18. Auto Dock Tools were used to 
prepare DENV4-NS4B model by the addition of polar 
hydrogen bonds which optimized the interactions be-
tween phytochemicals and DENV4-NS4B. A three-di-
mensional grid for DENV4-NS4B was designed with a 
size of 40×56×60 Å3, to define the search space for phy-
tochemicals to be docked against DENV4-NS4B. The 
phytochemicals (ligands) were also prepared for docking 
using same module with additional modification and tor-
sion adjustment. 

Density functional theory analysis
To study the reactivity and efficiency of the nine  

phytochemicals used against DENV4-NS4B, a den-
sity functional theory (DFT)-based analysis was carried  
out using highest occupied molecular orbital (HOMO) 
and lowest unoccupied molecular orbital (LUMO)  
energy by applying the Becke, 3-parameter, Lee-
Yang-Parr (B3LYP) correlation function of DFT19. The  
band energy gap (ΔE) was calculated using the expres-
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sion. The energy calculations were made using ORCA 
program20. 

RESULTS 

Tertiary structure of DENV4-NS4B
DENV4-NS4B protein showed maximum similarity 

(74%) with DENV3-NS5 at the primary structure level, 
on performing BLAST analysis. The protein comprises 
of 172 residues arranged in 6 α-helices and 4 β-sheets. It 
is a highly hydrophobic transmembrane protein which is 
responsible for the membrane arrangements leading to the 
formation of viral replication complex, essential for the 
viral life cycle21.

ADMET results
All the phytochemicals were evaluated for ADMET 

properties and drug likeliness. Out of the 2750 phyto-
chemicals, 1061 drugs were found to violate the Lipinski’s 
rule of five. Hence, the remaining 1689 phytochemicals 
were screened on the basis of BBB permeability, which 
showed that 756 were non-BBB permeable. Among the 
756 phytochemicals, 650 showed high GI absorption, 
with optimum solubility. Toxicity and carcinogenic tests 
further screened the compounds and at last, out of total 
phytochemicals, 285 passed the criteria of being drug-
like, having suitable ADMET profiles. 

Docking of phytochemicals with DENV4-NS4B
All of the 285 phytochemicals were docked 

against DENV4-NS4B to calculate binding energy and  
inhibitory constant (Ki) values. The docking results 
showed that all the phytochemicals expressed different 
behaviour while making interactions with the protein. 
For screening the best docked phytochemical, a thresh-
old of –8 kcal/mol (binding affinity) was applied to the 
ligand-protein complexes. A total of nine phytochemicals 
showed binding affinity ≥ –8 kcal/mol, representing ef-
fective inhibition against DENV4-NS4B. These included 
Oxysanguinarine and Narlumicine from plant Fumaria 
indica; and Silymarin, Flavobion, Isosilybin, Mundulin-
ol, Derrisin, Isopomiferin and Silydianin from Silybum 
marianum. All the seven phytochemicals from Silybum 
marianum were flavonoid in nature while the two from 
Fumaria indica were alkaloid (Tables 1–3).

Silymarin from Silybum marianum showed bind-
ing affinity of –9 kcal/mol (Ki=0.249 µM) and interacted 
with Ala4, Ile36, Ala128, Phe132, Leu134 residues of DENV4-
NS4B (Fig. 1a). Flavobion made interactions with Ala4, 
Ile36, Asn39, Ala128, Ala131, Phe132, and Asn137 residues of  
DENV4-NS4B with binding affinity of –8.7 kcal/mol 

Table 1. Nine selected phytochemicals with antidengue properties 
(Based on ADMET and docking results)

Name of 
phytochemical

Molecular 
formula

Structural formula

Silybum marianum
Silymarin C25H22O10

Flavobion C25H22O10

Isosilybin C25H22O10

Mundulinol C25H26O5

Derrisin C23H24O8

Silydianin C23H24O8

Isopomiferin C25H24O6

Fumaria indica
Narlumicine C21H21NO7

Oxysanguinarine C20H13NO5
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Table 2. ADMET properties of the selected nine phytochemicals 

Molecule Estimated solubil-
ity log score

Estimated solu-
bility class

Gastrointesti-
nal absorption

Blood brain bar-
rier penetration 

Lipinski vio-
lations

Toxicity Carcinogenicity

Silybum marianum
Silymarin –3.44 Soluble High No 0 Non-toxic Non-carcinogenic

Flavobion –4.14 Moderately 
soluble High No 0 Non-toxic Non-carcinogenic

Isosilybin –4.12 Moderately 
soluble High No 0 Non-toxic Non-carcinogenic

Mundulinol –3.85 Soluble High No 0 Non-toxic Non-carcinogenic
Derrisin –2.85 Soluble High 0 Non-toxic Non-carcinogenic
Silydianin A –3.39 Soluble High No 0 Non-toxic Non-carcinogenic
Isopomiferin –3.42 Soluble High No 0 Non-toxic Non-carcinogenic

Fumaria indica
Narlumicine –3.65 Soluble High No 0 Non-toxic Non-carcinogenic
Oxysanguinarine –3 Soluble High No 0 Non-toxic Non-carcinogenic

Table 3. Binding affinity, binding sites and Ki values of phytochemicals against DENV4-NS4B

Phytochemical Binding affinity (kcal/mol)             Binding sites Ki (µM)

Silybum marianum

Silymarin –9 Ala4, Ile36, Ala128, Phe132, Leu134 0.249

Flavobion –8.7 Ala4, Ile36, Asn39, Ala128, Ala131,  Phe132, Asn137 0.413

Isosilybin –8.7 Gly35, Asn39, Ala128, Leu130, Phe132, Leu134, Ile135, Gln139 0.413

Mundulinol –8.8 Thr93,  Pro95, Phe132,  Ile135, Ile136 0.349

Derrisin –9.2 Thr90, Leu91, Asn137, Gln139, Thr140 0.177

Silydianin –9.4  Leu89, Thr90, Leu91, Gly105, Asn137, Gln139 0.127

Isopomiferin –9 Arg31, Thr32, Gly35, Ile36, Pro95, Asn39, Phe132, Ile135, Gln139 0.249

Fumaria indica

Narlumicine –8.2 Leu89, Leu91, Pro104, Gln139, Thr140 0.961

Oxysanguinarine –8.2 Arg31, Thr32, Gly35, Ala128, Ala131, Gln139 0.961

(Ki= 0.413 µM) (Fig. 1b). Isosilybin interacted with  
Gly35, Asn39, Ala128, Leu130, Phe132, Leu134, Ile135 and Gln139 
residues at the binding cavity of DEN4-NS4B with 
binding energy –8.7 kcal/mol (Ki=0.413 µM) (Fig. 1c). 
Mundulinol docked at Pro95, Thr93, Phe132, Ile135, and Ile136 
with binding energy –8.7 kcal/mol (Ki = 0.413 µM) (Fig. 
1d). Derrisin made interactions with Thr90, Leu91, Asn137, 
Gln139 and Thr140 with binding affinity –9.2 kcal/mol (Ki= 
0.177 µM) (Fig. 1e). Silydianin made interactions at 
Leu89, Thr90, Leu91, Gly105, Asn137 and Gln139 with highest 
binding energy –9.4 kcal/mol (Ki=0.127 µM) (Fig. 1f).  
Isopomiferin made interactions with Arg31, Thr32, Gly35, 
Ile36, Asn39, Pro95, Phe132, Ile135 and Gln139 at the binding 
site of DENV4-NS4B with binding energy –9 kcal/mol 
(Ki = 0.249 µM) (Fig. 1g). 

Narlumicine from Fumaria, with binding affinity of 
–8.2 kcal/mol (Ki=0.961 µM), docked at Leu89, Leu91, 
Pro104,  Gln139, and Thr140 of DENV4-NS4B (Fig. 1h). 
Oxysanguinarine showed binding affinity of –8.2 kcal/
mol (Ki = 0.961 µM) against DENV4-NS4B while mak-
ing interactions with Arg31, Thr32, Gly35, Ala128, Ala131 and 
Gln139 residues (Fig. 1i).  

DFT and band energy gap results
These results showed that the selected nine phyto-

chemicals have effective reactivity, as they showed lower 
band gaps i.e. the difference of the ELUMO and EHOMO was 
low, ranging from 0.113 to 0.132 kcal/mol, implying the 
strong affinity of these inhibitors towards the target pro-
teins. Among the nine phytochemicals, Silydianin from 
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Fig. 1: Interactions of (a) Silymarin; (b) Flavobion; (c) Isosilybin; (d) Mundulinol; (e) Derrisin; (f) Silydianin; (g) Isopomiferin (from Silybum 
marianum); and (h) Narlumicine; (i) Oxysanguinarine (from Furmia indica) in the binding pocket of DENV4-NS4B.
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(h)

(i)

(b)

(c)

(d)

(e)



 J Vector Borne Dis 54, September 2017260 

cals, five, i.e. Narlumicine and Oxysanguinarine from 
Fumaria Indica; Mundulinol, Derrisin and Isopomiferin 
from Silybum marianum are reported for the first time as 
novel dengue virus inhibitors..

Silymarin has been studied for treatment of acetamin-
ophen overdose injuries of the liver, kidney problems, im-
proper working of cerebral cortex, histological changes 
and antioxidant activity28-29. It has been also reported 
to reduce the effects of Aflatoxin B1 in bovine calves30. 
Another study reported that extract of silymarin had in-
hibitory potential against hepatitis C virus in both, in vitro 
and in vivo31. Antiviral efficacy of silymarin has also been 
reported against human papillomavirus 18, a highly car-
cinogenic virus32. Silymarin has been used for the reduc-
tion glycemic level and progression of the complications 
related to diabetes which has been reported to enhances 
the rate of cardiovascular disease and kidney problems in 
Europe and United States33. Kožurkova et al34 have stud-
ied the effect of Flavobion in rat’s liver cells and reported 
that the change in concentration of Flavobion effects the 
regeneration of hepatocytes. Silydianin has been studied 
for the treatment of Aβ25-35-induced oxidative stress 
damage in HT-22 hippocampal cells which causes the Al-
zheimer’s disease. It was reported that Isosilybin reduces 
the production of reactive oxygen species (ROS), secre-
tion of malondialdehyde and lactate dehydrogenase35. In 
another study, Isosilybin has been identified as an effec-
tive drug candidate to prevent drug-drug interaction in 
cancer patients36. Mundulinol has been reported to have 
cytotoxic properties against tumor cell line panel and is 
also reported to have antifungal potential as well37.

Derrisin has been previously reported to have anti-
bacterial activity against Helicobacter pylori38. It has also 
been reported to reduce the oxidative metabolism of hu-
man polymorph nuclear neutrophils39. Isopomiferin is 
known to have antioxidative properties40. Narlumicine is 
an alkaloid in nature and has been reported as antifungal 
agent with potential results under field conditions41. Oxy-
sanguinarine has been studied against platelet aggregative 
constituents of Corydalis tashiroi42.

In past, dengue virus has been targeted using phyto-
chemicals from various plants. Various phytochemicals 
have been docked against NS4B, from each of the sero-
types of DENV; wherein Catechin, Cianidanol, Epicat-
echin, Eupatoretin, Glabranin, Laurifolin, DL-Catechin, 
are reported to have potential inhibitory property against 
dengue. It is reported that (–)-catechin, Epicatechin and 
DL-Catechin are good  antiviral agents against DENV-
1, 2, and 4; however, none of these compound has been 
reported to be used against DENV3. Also, the binding af-
finities observed for the above compounds are very less, 

Silybum marianum exhibited higher reactivity against 
DENV4-NS4B, as the band energy gap was lowest among 
all the nine phytochemicals, i.e. 0.113 kcal/mol (Table 4). 

DISCUSSION

The plants and their extracts have been used to cure 
diseases in humans since ancient times22.  Earlier studies 
have shown that phytochemicals act as good therapeutic 
agents to cure viral pathologies by targeting viral protein 
in host cells. These chemicals are found to be clinically 
safe for humans23-24.

Lipinski’s rule of five is important rule for the evalu-
ation of drug like properties of a compound which can be 
orally used in human for treatment against a disease. This 
rule deals with the appropriate number of hydrogen bonds 
of donor and acceptor, molecular weight and log P of the 
compound16.  In this study, the phytochemicals conform-
ing to the Lipinski’s rule were further evaluated on the ba-
sis of BBB penetration behaviour. BBB is semipermeable 
membrane barrier which separates the circulating blood 
from the cerebrospinal fluid in the central nervous system 
(CNS) and the drug not reaching the CNS is considered 
to be more effective25. Additionally, it was observed that 
the phytochemicals having non-penetrating behaviour 
also showed high GI absorption which is linked with epi-
thelial cells and protects from drug absorption26. Further, 
the phytochemicals showing optimum (high and moder-
ate) solubility were only selected for analysis, which is 
considered an effective parameter in the drug discovery 
process27. 

The nine screened phytochemicals have been re-
ported in various studies, for their inhibitory properties 
against different diseases. Out of these nine phytochemi-

Table 4. Density functional theory based analysis of phytochemicals 
against DEN4-NS4B

Phytochemicals ELUMO 
(kcal/mol)

EHOMO 
(kcal/mol)

Band energy 
gap (ΔE)

(kcal/mol)
Silybum marianum

Silymarin –0.121 –0.240 0.119
Flavobion –0.127 –0.254 0.127
Isosilybin –0.128 –0.255 0.127
Mundulinol –0.124 –0.248 0.124
Derrisin –0.117 –0.232 0.115
Silydianin –0.110 –0.223 0.113
Isopomiferin –0.120 –0.241 0.121

Fumaria indica

Narlumicine –0.123 –0.254 0.131
Oxysanguinarine –0.125 –0.257 0.132
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i.e. from –2.17 to –5.87 kcal/mol as compared to the pres-
ent study which reflects the low efficacy and potential of  
those reported compounds43. 

In this study, band energy gaps ranged within 0.113 
kcal/mol to 0.132 kcal/mol which is a narrow range  
and reflects high reactivity of compounds. It is well  
established in the literature that the lower band energy 
gap reflects higher reactivity of compounds since the 
ELUMO and EHOMO are responsible for charge transfer in a 
chemical reaction44. These energies can also characterize 
the electrophilic or nucleophilic nature of a compound. 
These results are also in accordance with earlier reported 
studies45-47.

CONCLUSION

This study was aimed at computer aided drug discov-
ery against DENV-4 virus, targeting the NS4B protein. In 
the present study, out of 2750 phytochemicals from vari-
ous medicinal plants, nine were screened for having strong 
binding affinity and effective drug likeness with suitable 
ADMET profiles. The DFT analysis also validated the re-
activity of these compounds. It was found that  Silydianin 
from Silybum marianum is the most reactive phytochemi-
cal among all the nine against DENV4-NS4B. Three phy-
tochemicals from Silybum marianum, i.e. Derrisin, Mun-
dulinol and Isopomiferin, and two phytochemicals, i.e. 
Narlumicine and Oxysanguinarine from Fumaria indica 
were reported for first time as novel anti-dengue leads/
agents. These phytochemicals can be further used for in 
vitro and in vivo analyses for determining their efficacy 
and safety as drugs against DENV in humans. The devel-
opment of phytochemicals as potential drugs for DENV 
would be therapeutically and economically feasible. 

Conflict of interest
 The authors declare no conflict of interest.  

REFERENCES

1. Bollati M, Alvarez K, Assenberg R, Baronti C, Canard B, Cook 
S, et al. Structure and functionality in flavivirus NS-proteins: 
Perspectives for drug design. Antiviral Res 2010; 87(2): 125–
48.

2. Gillespie LK, Hoenen A, Morgan G, Mackenzie JM. The endo-
plasmic reticulum provides the membrane platform for biogen-
esis of the flavivirus replication complex. J Virol 2010; 84(20): 
10438–47.

3. Kalayanarooj S. Dengue classification: current WHO vs the 
newly suggested classification for better clinical application. J 
Med Assoc Thai 2011; 94 (Suppl 3): S74–84.

4. Rodenhuis-Zybert IA, Wilschut J, Smit JM. Dengue virus life 
cycle: Viral and host factors modulating infectivity. Cell Mol 
Life Sci  2010; 67(16): 2773–86.

5. Mustafa MS, Rasotgi V, Jain S, Gupta V. Discovery of fifth sero-
type of dengue virus (DENV–5): A new public health dilemma 
in dengue control. Med J Armed Forces India 2015; 71(1): 67–
70.

6. Franco L, Palacios G, Martinez JA, Vázquez A, Savji N, De 
Ory F, et al. First report of sylvatic DENV–2–associated dengue 
hemorrhagic fever in West Africa. PLoS Negl Trop Dis 2011; 
5(8): e1251.

7. Umareddy I, Chao A, Sampath A, Gu F, Vasudevan SG. Dengue 
virus NS4B interacts with NS3 and dissociates it from single-
stranded RNA. J Virol 2006; 87(9): 2605–14.

8. Miller S, Sparacio S, Bartenschlager R. Subcellular localization 
and membrane topology of the dengue virus type 2 non-struc-
tural protein 4B. J Biol Chem 2006; 281(13): 8854–63.

9. Zou J, Xie X, Chandrasekaran R, Reynaud A, Yap L, Wang QY, 
et al. Dimerization of flavivirus NS4B protein. J Virol 2014; 
88(6): 3379–91.

10. Williamson EM. Synergy and other interactions in phytomedi-
cines. Phytomedicine 2001; 8(5): 401–9.

11. Briskin DP. Medicinal plants and phytomedicines. Linking plant 
biochemistry and physiology to human health. Plant Physiol 
2000; 124(2): 507–14.

12. Wadood A, Ahmed N, Shah L, Ahmad A, Hassan H, Shams S. 
In-silico drug design: An approach which revolutionarised the 
drug discovery process. Drug Des Devel Ther 2013; 1(1): 3.

13. Johnson M, Zaretskaya I, Raytselis Y, Merezhuk Y, McGinnis 
S, Madden TL. NCBI BLAST: A better web interface. Nucleic 
Acids Res 2008; 36(2): W5–9.

14. Webb B, Sali A. Comparative protein structure modeling using 
Modeller. Curr Protoc Protein Sci 2014; p. 2–9.

15. Lee SK, Park SH, Lee IH, No KT. PreAD-MET Ver. v2.0. Seoul, 
Korea: BMDRC 2007.

16. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. Experi-
mental and computational approaches to estimate solubility and 
permeability in drug discovery and development settings. Adv 
Drug Deliv Rev 1997; 23(1–3): 3–25.

17. Trott O, Olson AJ. AutoDock Vina: Improving the speed and 
accuracy of docking with a new scoring function, efficient op-
timization, and multithreading. J Comput Chem 2010; 31(2): 
455–61.

18. Morris GM, Huey R, Olson AJ. Using autoDock for ligand‐re-
ceptor docking. Curr Protoc Bioinformatics 2008; 24: 8.14.1– 
40. doi: 10.1002/0471250953.bi0814s24.

19. Gill PM, Johnson BG, Pople JA, Frisch MJ. The performance 
of the Becke-Lee-Yang-Parr (B-LYP) density functional theory 
with various basis sets. Chem Phys Lett 1992; 197 (4–5): 499–
505.

20. Neese F. The ORCA program system. Wiley Interdisciplinary 
Reviews: Rev Comput Mol Sci 2012; 2(1): 73–8.

21. Nemésio H, Palomares-Jerez F, Villalaín J. NS4A and NS4B 
proteins from dengue virus: Membranotropic regions. Biochem 
Biophys Acta 2012; 1818(11): 2818–30.

22. Greenwell M, Rahman PK. Medicinal plants: Their use in anti-
cancer treatment. Int J Pharm Sci Res 2015; 6(10): 4103.

23. Seal A, Aykkal R, Babu RO, Ghosh M. Docking study of HIV-
1 reverse transcriptase with phytochemicals. Bioinformation 
2011; 5(10): 430.

24. Senthilvel P, Lavanya P, Kumar KM, Swetha R, Anitha P, Bag 
S, et al. Flavonoid from Carica papaya inhibits NS2B-NS3 
protease and prevents Dengue 2 viral assembly. Bioinformation 
2013; 9(18): 889.

Qaddir et al: Phytochemicals against DENV4-NS4B



 J Vector Borne Dis 54, September 2017262 

25. Tran N. Blood-brain barrier. In: Kreutzer Jeffrey, DeLuca John, 
Caplan Bruce, editors. Encyclopedia of Clinical Neuropsychol-
ogy, I edn. New York: Springer 2011; p. 426. doi: 10.1007/978–
0–387–79948–3–299.

26. Kimura T, Higaki K. Gastrointestinal transit and drug absorp-
tion. Biol Pharm Bull 2002; 25(2): 149–64.

27. Kawabata Y, Wada K, Nakatani M, Yamada S, Onoue S. Formu-
lation design for poorly water-soluble drugs based on biophar-
maceutics classification system: Basic approaches and practical 
applications. Int J Pharm 2011; 420(1): 1–10.

28. Onaolapo OJ, Adekola MA, Azeez TO, Salami K, Onaolapo 
AY. l-methionine and silymarin: A comparison of prophylactic 
protective capabilities in acetaminophen-induced injuries of the 
liver, kidney and cerebral cortex. Biomed Pharmacother 2017; 
85: 323–33.

29. Anthony KP, Saleh MA. Free radical scavenging and antioxi-
dant activities of silymarin components. Antioxidants 2013; 
2(4): 398–407.

30. Naseer O, Khan JA, Khan MS, Omer MO, Chishti GA, Sohail 
ML, et. al. Comparative efficacy of silymarin and choline chlo-
ride (liver tonics) in preventing the effects of aflatoxin B1 in 
bovine calves. Pol J Vet Sci 2016; 19(3): 545–51.

31. Wagoner J, Negash A, Kane OJ, Martinez LE, Nahmias Y, 
Bourne N, et al. Multiple effects of silymarin on the hepatitis C 
virus lifecycle. Hepatology 2010; 51(6): 1912–21.

32. Kumar S, Jena L, Sahoo M, Kakde M, Daf S, Varma  
AK. In silico docking to explicate interface between plant- 
originated inhibitors and E6 oncogenic protein of highly threat-
ening human papillomavirus 18. Genomics Inform 2015; 13 
(2): 60–7.

33. Voroneanu L, Nistor I, Dumea R, Apetrii M, Covic A. Silyma-
rin in type 2 diabetes mellitus: A systematic review and meta-
analysis of randomized controlled trials. J Diabetes Res 2016; 
5147468. doi: 10.1155/2016/5147468.

34. Kozhurkova M, Kropachova E, Mishurova R, Reksa R. Effects 
of hepato-protective agents thioctacid and flavobion on histones 
in intact and regenerating liver of irradiated rats. Biull Eksp Biol 
Med 1992; 113(2): 191–3 (in Russian).

35. Zhou J, Chao G, Li Y, Wu M, Zhong S, Feng Z. Activation of 
NRF2/ARE by isosilybin alleviates Aβ 25–35–induced oxida-
tive stress injury in HT–22 cells. Neurosci Lett 2016; 632: 92–7.

36. Mooiman KD, Maas-Bakker RF, Moret EE, Beijnen JH, Schel-
lens JH, Meijerman I. Milk thistle’s active components silybin 
and isosilybin: Novel inhibitors of PXR-mediated CYP3A4 in-

duction. Drug Metab Dispos 2013; 41(8): 1494–504.
37. Alavez-Solano D, Reyes-Chilpa R, Jiménez-Estrada M, Gó-

mez-Garibay F, Chavez-Uribe I, Sousa-Sánchez M. Flavanones 
and 3-hydroxyflavanones from Lonchocarpus oaxacensis. Phy-
tochemistry 2000; 55(8): 953–7.

38. Takashima J, Chiba N, Yoneda K, Ohsaki A. Derrisin, a new rot-
enoid from Derris malaccensis Prain and anti-Helicobacter py-
lori activity of its related constituents. J Nat Prod 2002; 65(4): 
611–4.

39. Ignatowicz E, Szaefer H, Zielinska M, Korczowska I, Fenrych 
W. Silybin and silydianin diminish the oxidative metabolism 
of human polymorphonuclear neutrophils. Acta Biochim  Pol 
1997; 44(1): 127–30.

40. Diopan V, Babula P, Shestivska V, Adam V, Zemlicka M, Dvor-
ska M, et al. Electrochemical and spectrometric study of antiox-
idant activity of pomiferin, isopomiferin, osajin and catalposide. 
J Pharm Biomed Anal 2008; 48(1): 127–33.

41. Tripathi VK, Pandey VB. Stem alkaloids of Fumaria indica and 
their biological activity. Planta Med 1992; 58(S 1): 651–2.

42. Chen JJ, Chang YL, Teng CM, Lin WY, Chen YC, Chen IS. A 
new tetrahydroprotoberberine N-oxide alkaloid and anti-plate-
let aggregation constituents of Corydalis tashiroi. Planta Med 
2001; 67(05): 423–7.

43. Paul A, Vibhuti A, Raj S. Molecular docking NS4B of DENV 
1–4 with known bioactive phytochemicals. Bioinformation 
2016; 12(3): 140.

44. Eroglu E, Türkmen H. A DFT-based quantum theoretic QSAR 
study of aromatic and heterocyclic sulfonamides as carbonic an-
hydrase inhibitors against isozyme, CA-II. J Mol Graph Mod-
el 2007; 26(4): 701–8.

45. Gogoi D, Baruah VJ, Chaliha AK, Kakoti BB, Sarma D, Burago-
hain AK. Identification of novel human renin inhibitors through 
a combined approach of pharmacophore modelling, molecular 
DFT analysis and in silico screening. Comput Biol Chem 2017; 
69: 28–40

46. Kavitha R, Karunagaran S, Chandrabose SS, Lee KW, Mega-
nathan C. Pharmacophore modeling, virtual screening, molecu-
lar docking studies and density functional theory approaches to 
identify novel ketohexokinase (KHK) inhibitors. Biosystems 
2015; 138: 39–52.

47. Sakkiah S, Lee KW. Pharmacophore-based virtual screening 
and density functional theory approach to identifying novel bu-
tyrylcholinesterase inhibitors. Acta Pharmacol Sin 2012; 33(7): 
964–78.

Correspondence to: Dr Nouman Rasool, Department of Life Sciences, University of Management and Technology, C-II Johar Town,  
Lahore, Pakistan. 

 E-mail: nouman.rasool@umt.edu.pk

Received: 11 July 2017                         Accepted in revised form: 10 August 2017


