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 Most frequently affecting women and those with diabetes, urinary tract infections 
(UTI) are a prevalent illness. Inappropriate management of the acute stage of the illness leads 
to pyelonephritis, which makes the condition chronic. Multiple medications are ineffective 
against the microorganisms that cause UTIs, due to multi-drug resistance. Escherichia coli 
fimbria contains the bacterial adhesin protein FimH, which is responsible for adhering 
bacteria to the host urinary tract's epithelial cells. Therefore, FimH becomes a crucial target 
for the development of drugs since it plays a key role in bacterial infections like UTIs. In the 
context, phytochemical intervention using Garcinia indica (Kokum) and Vaccinia macrocarpon 
(Cranberry) proves to be an effective alternative. Garcinia indica is a tropical plant endemic 
to India, particularly in the Karnataka, Kerala, and Maharashtra coastal regions. The fruit is 
abundant in anthocyanins and benzophenones, which have antibacterial properties against a 
variety of pathogens. Because the fruit includes antiadhesive flavonoids and proanthocyanins, 
Vaccinia macrocarpon fruit syrup is currently utilized as a treatment for UTIs and the fruit is 
native to America. The current study contrasts the inhibitory effects of secondary metabolites 
from Vaccinia macrocarpon and Garcinia indica on E. coli FimH protein.  According to the 
study, garcinol and kaempferol from the plants’ Garcinia indica and Vaccinia macrocarpon, 
respectively, showed the highest affinities for the protein FimH.

Keywords: Anti-adhesin activity; Garcinia indica; Garcinol; kaempferol; Urinary Tract Infection; 
Molecular Docking Simulation; Molecular Dynamics Simulation; Vaccinia macrocarpon.

 Urinary tract infection (UTI) is one of the 
prevalent diseases that affects females and people 
suffering from type II diabetes1. Around 50-60% of 
the women have suffered from UTI  at least once 
in their lifetime2. Uropathogenic E. coli (UPEC) 
is considered to be responsible for the majority of 
the infection, can form the biofilm, and invade the 

host immune response3. Apart from E. coli which 
causes around 80% of the total infection, other 
pathogens like Klebsiella spp., Staphylococcus 
saprophyticus, Enterobacters and Proteus spp. can 
also contribute to the same4. The threat posed by the 
uropathogens’ due to the rise in antibiotic resistance 
makes therapy challenging and expensive. This 
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increases the likelihood of recurring infection5. 
Genetic polymorphism in the pathogens’ has made 
them resistant to multiple drugs6. Another worrying 
trend is the rise in the prevalence of multidrug-
resistant infections among pregnant women7. 
 Pathogens causing UTI possess type-
1 fimbriae that facilitates attachment of the 
bacterial cell to the epithelial cells of the urethra. 
Due to its interaction with the mannosylated 
receptors expressed by urothelial cells, type-1 
pili is considered to be mannose sensitive. This 
peculiarity of the pili is due to the activity of the 
adhesin protein FimH located at the tip of type-1 
fimbriae8,9.  
 Several attempts are being carried out 
to find a potent drug that can inhibit the action of 
pathogens without altering the host immunity. As 
the protein FimH is mannose sensitive, D-Mannose 
was used as vaccine to mask the FimH but it was 
found to be ineffective10. Drugs that target the 
protein FimH and its mannose specificity are 
currently the subject of experiments to cure UTI 
because the treatment functions without killing the 
pathogen and uropathogens are unlikely to develop 
resistance. Moreover drugs targeting FimH will be 

selective in their effect, leaving host microflora 
intact11. Even though there are many alternative 
medical treatments for UTI, current research on 
the condition is concentrating on the antiadhesive 
properties of various secondary metabolites from 
herbal sources because they are linked to a lower 
risk of side effects12,13. 
Flavonols and Proanthocyanidins from 
cranberry and kokum as antimicrobial agents
 The production of flavonoids varies from 
plant to plant and depends on the environment, 
type of soil, and other physiological parameters. 
Flavonoids are generated in different sections of 
plants at varied amounts. They guard against biotic 
and abiotic stressors on the plants. Plants produce 
flavonoids to help them defend themselves14. 
Berries include flavonols and their derivatives, 
which are known for their antibacterial properties 
among other health advantages15. Their antiadhesive 
properties are proving to be an efficient defense 
mechanism against pathogens that can withstand 
antibiotic action16. 
 Proanthocyanidins, also known as 
condensed flavonols, are extensively dispersed 
in different areas of the plant and have a number 

Table 1. Virtual screening results of cranberry phytocompounds with target protein 
FimH lectin domain (PDB ID: 6GTX)

S.  Name of  Binding  Non-bonded  Hydrogen 
No. the ligand  Affinity  interaction bonds
  (kcal/mol)

1. Apigenin -6.1 6 3
2. I3-II8-Biapigenin -6.6 2 1
3. Kaempferide -5.9 6 2
4. Kaempferol -7.9 7 3
5. Luteolin -6.9 4 1
6. Quercetin -6.1 5 2

Table 2. Binding affinity and non-bonding interactions of secondary metabolites of Garcinia indica with 
target protein crystal structure of the FimH lectin domain

S.  Name of the ligand  Binding Affinity  Total no of Total no of 
No.  (kcal/mol)  non-bonded interaction hydrogen bond

1. (-)-Hydroxycitric acid -4.4  4  3 
2. Isogarcinol  -7.2  7  4 
3. Xanthochymol -5.6  5  2 
4. cyanidin 3-glucoside -6.9 -6.9 -6.9
5. cyanidin 3-sambubioside -5.7  5  3 
6. Garcinol -8.5 12 3
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of positive health effects, such as anticancer, 
neuroprotective, and antibacterial capabilities17. 
They have a very low Minimum Inhibitory 
Concentration (MIC) and can suppress microbial 
growth18. Even nanoparticles synthesized from 
chitosan and  proanthocyanidins along with 
gentamicin are proven to be bactericidal19. The 
antiadhesive properties polyphenols and flavanols 
(kaempferol, quercetin, and myricetin) of cranberry 
make them effective against a variety of infections20. 
The flavones apigenin, i3-ii8-biapigenin, and 
luteolin are among the promising anti-adhesive 
chemicals because they exhibit a notable anti-
adhesive action on uropathogens21. Cranberry 
syrup is a highly suggested alternative to antibiotics 
among the different herbal remedies for UTI since 
it hinders the pathogen’s adherence to the urinary 
system22. Several studies on antiadhesive property 
of secondary metabolites of cranberry shows that 
flavonoids and proanthocyanidins inhibit the FimH 
mediated interaction of uropathogens with the 
epithelial cells of the urethra and bladder23

 Garcinia indica is a plant that is commonly 
found in the coastal region of India specially in 
the coastal areas of Karnataka, Maharashtra and 
Kerala24. It is endemic to Western and Eastern Ghats 
and also to North-eastern regions of India25. The 
fruit is used for domestic purpose in the preparation 
of curry, pickles and juice. The secondary 
metabolites of G. indica is believed to have health 
benefits that can be considered as efficient herbal 
drug for future therapeutics26,27. Kokum extracts are 
also being studied for various biological activities. 
Studies have revealed that Kokum extracts have 
antibacterial property against several pathogens 
and Benzophenones of kokum especially garcinol, 
isogarcinol and xanthochymol that are included in 
the study contributes to the antimicrobial property 
of kokum28,29. Benzophenones derivatives from 
Garcinia species have shown chemotherapeutic 
activities against bacteria, fungi and mycobacteria30. 
Kokum fruit rinds are also rich in flavonoids and 
proanthocyanidins31. Cyanidin 3 sambubioside and 
cyanidin 3 glucoside are the anthocyanins that are 
present in Kokum that make kokum as a promising 
agent for therapeutics (28). Pathogens that were 
resistant to antibiotics have been susceptible to 
the synergistic effect when the same antibiotics 
are combined32.
 In the field of drug discovery molecular 
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Studios Visualizer 2021, a GUI based software 
for the screening for best conformation was 
done, based on their binding affinity, non-boding 
interactions, and total number of hydrogen bonds. 
Molecular dynamics (MD) simulation 
 To get the better understanding of 
conformational changes and their stability over a 
period of time, MD study was conducted using the 
GROMACS biological software package. The pre-
requisite and the MD experiments were performed 
based on previous work39. Using the XMGRACE 
software40, the trajectory plots were analysed. 
Binding free energy (MMPBSA) calculations
 The calculation of binding free energies 
was performed based on work41,20. The study was 
performed to understand formation of energy after 
dynamic study. The calculation was done using, 
g_mmpbsa programme, by using GROMACS 
trajectories as input43.

RESULTS AnD DISCUSSIOn

Molecular docking simulation
 Based on virtual screening results, 
garcinol from G. indica showed a higher (most 
negative) binding affinity of -8.5 kcal/mol with 
12 non-bonded interactions, out of which 3 were 
found to be hydrogen bonds (Table 1). However, 
kaempferol from V. macrocarpon showed the 
binding affinity of -7.9 kcal/mol with 7 non-
bonded interactions and 3 of them were found 
to be hydrogen bonds (Table 2). Visualization of 
binding interactions garcinol and kaempferol with 
FimH protein has been given in Figure 1, whereas 
the details of binding residues along with their 
respective distances have been depicted in Table 3.

docking is having a great importance and 
application as the study is directed towards 
computer aided drug designing. Protein ligand 
interaction study is increasing possibilities of 
discovering new drugs with greater accuracy. 
Considering the antimicrobial properties and 
antiadhesive property of proanthocyanidins, 
flavonoids, anthocyanins and benzophenones, 
the present study compares the inhibitory binding 
interactions of proanthocyanidins and flavonols 
from cranberry with anthocyanins, benzophenones 
and other potential secondary metabolites of G. 
indica while binding with the protein FimH33. 
For selected compounds, molecular dynamics 
simulation was also done to The virtual screening 
helps to identify the potential drug candidates from 
diverse nature of sources34,35. 

METHODOLOGY 

Data retrieval 
 The crystal structure of the FimH protein 
was downloaded from RCSB PDB database 
(https://www.rcsb.org/) (PDB ID: 6GTX). The 3D 
structures of the ligands from G. indica (garcinol, 
isogarcinol, (-)-hydroxycitric acid, xanthochymol, 
cyanidin 3-sambubioside, cyanidin 3-glucoside) 
and from cranberry (apigenin, i3-ii8-biapigenin, 
kaempferide, quercetin, luteolin and kampferol) 
were retrieved from PubChem chemical database 
(https://pubchem.ncbi.nlm.nih.gov/). 
Molecular docking simulation
 AutoDock Vina 1.1.2, a command-based 
software was employed for the docking studies36,37. 
The pre-preparation of protein and ligand required 
for docking study was conducted based on authors 
previous work38. By using BIOVIA Discovery 

Table 4. Results from binding free energy (MMPBSA) calculations of 
experimental molecules with complexed with the target protein

                                           Garcinol-FimH complex                               Kaempferol- FimH complex
 Values  Standard  Values  Standard 
 (kj/mol) deviation kj/mol (kj/mol) deviation kj/mol

Van der Waal’s energy - 37.584 +/- 17.357 -35.952 +/- 49.039
Electrostatic energy - 19.990 +/- 12.655 -7.083 +/- 0.647
Polar solvationenergy 38.908 +/- 29.180 29.271 +/- 55.147
SASA energy - 5.720 +/- 1.880 -3.084 +/- 4.731
Binding energy - 24.385 +/ 20.763 -9.682 +/- 82.308
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Fig. 1. (A) surface representation of the binding site of FimH lectin domain target protein bound to garcinol and 
kaempferol. (B) 3D representation of bound garcinol (sticks model). (C) 3D representation of bound kaempferol 

(sticks model). (D) 2D representation of bound garcinol (E) 2D representation of bound kaempferol

Molecular dynamics simulation
 The molecular dynamics simulation 
studies were employed for validation of the docked 
structure of garcinol bound FimH complex and 

kaempferol bound FimH complex. The result was 
analysed by plotting the graphs for protein-ligand 
complex RMSD, RMSF, Rg, SASA, and ligand 
hydrogen bonds (Figure 2). Based on the RMSD 
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Fig. 2. Visualization of MD trajectories of bound garcinol and kaempferol with the target protein for 100 ns.  
RMSD, RMSF, Rg, SASA, and number of hydrogen bonds of garcinol (black) and kaempferol (red) with FimH 
(green) at 100 ns. (A) Time evolution of backbone RMSD of the complex structure. (B) RMSF of protein and 

ligand. (C) Radius of gyration (Rg) (D) SASA (E) ligand hydrogen bonds. Protein backbone atoms: green, 
protein-garcinol complex: black, and protein-kaempferol complex (red)

plot prediction it is understood that the garcinol 
complex and protein is within the range of 0.2 – 
0.25 nm, whereas kaempferol complex is within 
the range of 0.3-0.35 nm. Both the protein as well 
as garcinol complex shows the similar pattern 

at around ~80 ns and attains stability. While the 
RMSF plot for protein, garcinol and kaempferol 
are on par and show similar fluctuation pattern. 
Further, based on the Rg plot and SASA analysis 
shows the similar pattern, thus it can be said that 
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the complexes are stable. Finally, based on the 
hydrogen bond evaluation, structural re-agreement 
in protein-ligand complex could be expected, as the 
number of hydrogen bonds is increased compared 
to docked structure.
Binding free energy (MMPBSA) calculations 
 Free-binding energy was calculated based 
on the MM-PBSA method. The predicted values of 
the calculation along with the energy being formed 
during the last 50 ns are given in Table 4. Since 
more negative energy reflects more stability, from 
the obtained results it can be predicted that protein-
garcinol complex shows better stability compared 
to protein-kaempferol complex.
 The study reveals that among the 
compounds taken for the study kaempferol from 
cranberry and garcinol from kokum have shown 
better inhibitory binding action against FimH. 
Kaempferol derivatives of cranberry are antibiofilm 
agents that inhibit colonization of microbes44,45.  
Kaempferol is one of the bioactive substances 
found in cranberry extract that has the ability 
to function as an anti-adhesin and prevent the 
development of biofilm by interfering with the 
anchoring of microbial cells. Despite not being a 
biocidal agent, kaempferol’s antiadhesion activity 
can stop microbial development46. Garcinol 
demonstrated a higher affinity to bind FimH 
than the other benzophenones and anthocyanins 
of kokum included in the study. When the 
antiadhesive properties of kaempferol and garcinol 
were evaluated, the results revealed that garcinol’s 
potential to be an anti-adhesin is equal to that of 
kaempferol. Garcinol can considerably inhibit 
FimH and can be prospected for drug discovery 
against UTI. So further studies are required to 
check for synergism of secondary metabolites with 
antibiotics and confirm the action. 
 Urinary Tract Infection is becoming 
more prevalent among various age groups and 
the risk of recurrent infection is increasing due to 
the resistance of pathogens to various antibiotics. 
Females and diabetic patients are more susceptible 
to infection (Yu and Pieper, 2019; Sekhar et al., 
2020). There are several studies being carried out to 
develop drug against UTI without altering the host 
immunity. Being an antiadhesive agent, cranberry 
extract is coming out to be effective for treating 
UTI. The fruit comes from a native American plant 

that grows in wetlands48 and currently it is being 
used as a herbal drug against UTI.49

 G. indica is considered as an underutilized 
fruit and it is being used traditionally50. According 
to the findings of this study, G. indica can be used 
as an antiadhesive agent and may be investigated 
for therapeutic development against UTI because 
Garcinol has shown to have the same affinity for 
FimH as Kaempferol.
 Further studies have to confirm the same 
as cranberry has shown synergistic effect against 
uropathogens in combination with few natural 
borne-antimicrobials51. Because of its health 
benefits, garcinol is a metabolite of interest that is 
being examined for drug development52,53. More 
research into this area could turn an underutilized 
fruit into a local bio resource.

COnCLUSIOn

 Cranberry and kokum are potent plants 
to treat uropathogens as they contain secondary 
metabolites which are having antiadhesive property. 
Inhibition of the protein FimH of uropathogenic E. 
coli by the bioactive compound can be considered 
for drug discovery as alternative to the antibiotic 
treatment. The present study has indicated that 
both garcinol and kaempferol from kokum and 
cranberry, respectively could act as the potential 
FimH inhibitors (anti-adhesins). The compounds 
have been reported with extensive binding 
efficiency and stability. With these outcomes, in 
silico investigations prove that both the compounds 
could be taken for biological assays. Therefore, in 
vitro and in vivo studies can be used to validate on 
the mode of action of these anti-adhesins. 

ACknOwLEDGMEnT

 This research work is self-funded and 
no external financial assistance were taken. 
The authors express their gratitude to the late 
Secretary of SDME Society Dr. B Yashovarma 
for encouragement and motivation. All the 
authors express sincere gratitude to JSS Academy 
of Higher Education and Research, Mysuru 
for encouragement and support to carry out the 
research work.



602 Badiger et al., Biomed. & Pharmacol. J,  Vol. 16(1), 595-604 (2023)

Conflict of interest
 No conflicts of interest associated with 
this work.
Funding Sources
 There is no funding sources.

REFEREnCES

1.  Sabir R, Butt A, Baqa K, Shiraz A, Aziz 
N. Frequency and risk factors of UTI and 
susceptibility pattern of uropathogen and impact 
of glycaemia control among diabetic patients. 
Prof Med J. 2020;27(12):2628–36. 

2.  Klein RD, Hultgren SJ. Urinary tract infections: 
microbial pathogenesis,  host–pathogen 
interactions and new treatment strategies. Nat 
Rev Microbiol. 2020;18(4):211–26. 

3.  Foxman B. The epidemiology of urinary tract 
infection. Nat Rev Urol. 2010;7(12):653–60. 

4.  Ronald A. The etiology of urinary tract infection: 
Traditional and emerging pathogens. Disease-a-
Month. 2003;49(2):71–82. 

5.  Nadeem M, Zeb MA, Tahir TH, Siddiq S, 
Zaib J. Multidrug - Resistant Uropathogens, 
An Emerging Threat: Observational Study in 
a Tertiakry Care Hospital of Azad Kashmir. 
2022;72(3):999–1003. 

6.  Goyal S, Beniwal V, Kumar R, Kumar R, Kumar 
A, Chhokar V, et al. Molecular typing of Multidrug 
Resistant Uropathogenic Escherichia coli by 
Restriction Fragment Length Polymorphism. 
Eng Sci. 2022;19:204–16. 

7.  Asmat U, Mumtaz MZ, Malik A. Rising 
prevalence of multidrug-resistant uropathogenic 
bacteria from urinary tract infections in pregnant 
women. J Taibah Univ Med Sci. 2021;16(1):102–
11. 

8.  Sarshar M, Behzadi P, Ambrosi C, Zagaglia 
C, Palamara AT, Scribano D. FimH and anti-
adhesive therapeutics: A disarming strategy 
against uropathogens. Antibiotics. 2020;9(7):1–
16. 

9.  Foroogh N, Rezvan M, Ahmad K, Mahmood S. 
Structural and functional characterization of the 
FimH adhesin of uropathogenic Escherichia coli 
and its novel applications. Microb Pathog. 2021 
Dec 1;161(Pt B). 

10.  Scribano D, Sarshar M, Prezioso C, Lucarelli 
M, Angeloni A, Zagaglia C, et al. D-Mannose 
treatment neither affects uropathogenic 
Escherichia coli properties nor induces stable 
fimh modifications. Molecules. 2020;25(2). 

11.  Krammer EM, De Ruyck J, Roos G, Bouckaert 
J, Lensink MF. Targeting dynamical binding 
processes in the design of non-antibiotic anti-

adhesives by molecular simulation—the example 
of FimH. Molecules. 2018;23(7). 

12.  Badiger AS, Maruthi KR, Bajpe SN, Ramu R, 
Jayadev K. Urinary Tract Infection – A Review 
on Its Prevalence and Recent Advances. J Pharm 
Res Int. 2021;33:582–92. 

13.  Patil SM, Shirahatti PS, V B CK, Ramu R, M 
N NP. Azadirachta indica A. Juss (neem) as a 
contraceptive: An evidence-based review on 
its pharmacological efficiency. Phytomedicine. 
2021 Jul 15;88:153596. 

14.  Górniak I, Bartoszewski R, Króliczewski J. 
Comprehensive review of antimicrobial activities 
of plant flavonoids. Vol. 18, Phytochemistry 
Reviews. 2019. 241–272 p. 

15.  J of Applied Microbiology - 2001 - Puupponen 
Pimi - Antimicrobial properties of phenolic 
compounds from berries.pdf. 

16.  Song M, Liu Y, Li T, Liu X, Hao Z, Ding S, et 
al. Plant Natural Flavonoids Against Multidrug 
Resistant Pathogens. Adv Sci. 2021;8(15):1–11. 

17.  Rauf A, Imran M, Abu-Izneid T, Iahtisham-Ul-
Haq, Patel S, Pan X, et al. Proanthocyanidins: A 
comprehensive review. Biomed Pharmacother. 
2019;116(February). 

18.  Zang X, Shang M, Xu F, Liang J, Wang X, 
Mikage M, et al. A-type proanthocyanidins 
from the stems of Ephedra sinica (Ephedraceae) 
and their antimicrobial activities. Molecules. 
2013;18(5):5172–89. 

19.  Alfaro-Viquez E, Esquivel-Alvarado D, 
Madrigal-Carballo S, Krueger CG, Reed JD. 
Antimicrobial proanthocyanidin-chitosan 
composite nanoparticles loaded with gentamicin. 
Int J Biol Macromol. 2020;162:1500–8. 

20.  Yoo S, Murata RM, Duarte S. Antimicrobial 
traits of tea- and cranberry-derived polyphenols 
against streptococcus mutans. Caries Res. 
2011;45(4):327–35. 

21.  Scharf B, Schmidt TJ, Rabbani S, Stork C, 
Dobrindt U, Sendker J, et al. Antiadhesive 
natural products against uropathogenic E. coli: 
What can we learn from cranberry extract? J 
Ethnopharmacol. 2020;257(April):112889. 

22.  de Llano DG, Moreno-Arribas MV, Bartolomé 
B. Cranberry polyphenols and prevention against 
urinary tract Infections: Relevant considerations. 
Molecules. 2020;25(15). 

23.  Rafsanjany N, Senker J, Brandt S, Dobrindt U, 
Hensel A. In Vivo Consumption of Cranberry 
Exerts ex Vivo Antiadhesive Activity against 
FimH-Dominated Uropathogenic Escherichia 
coli: A Combined in Vivo, ex Vivo, and in Vitro 
Study of an Extract from Vaccinium macrocarpon. 
J Agric Food Chem. 2015;63(40):8804–18. 

24.  Garden TB. Diversity of Garcinia species in 



603Badiger et al., Biomed. & Pharmacol. J,  Vol. 16(1), 595-604 (2023)

the Western Ghats: Phytochemical Perspective. 
Diversity of Garcinia species in the Western 
Ghats: Phytochemical Perspective. 2016. 

25.  Khapare LS, Kadam JH, Shirke GD. Garcinia a 
medicinally potential genus in Western Ghats. 
2020;9(5):2750–2. 

26.  Kumar S, Sharma S, Chattopadhyay SK. The 
potential health benefit of polyisoprenylated 
benzophenones from Garcinia and related genera: 
Ethnobotanical and therapeutic importance. 
Fitoterapia. 2013;89(1):86–125. 

27.  Angami T, Wangchu L, Debnath P, Sarma P, 
Singh B, Singh AK, et al. Garcinia L.: a gold 
mine of future therapeutics. Genet Resour Crop 
Evol. 2021;68(1):11–24. 

28.  Lim SH,  Lee HS,  Lee CH,  Choi  CI . 
Pharmacological Activity of Garcinia indica 
(Kokum): An Updated Review. Pharmaceuticals. 
2021;14(12):1–13. 

29.  Dissertations A. Phenolic Constituents from 
Garcinia intermedia and Related Species How 
does access to this work benefit you/ ? Let us 
know/ ! 2011; 

30.  Prashanth T, Ranganatha VL, Ramu R, Mandal 
SP, Mallikarjunaswamy C, Khanum SA. 
Synthesis, characterization, docking study and 
antimicrobial activity of 2-(4-benzoylphenoxy)-
1-[2-(1-methyl-1H-indol-3-yl)methyl)-1H-
benzo[d]imidazol-1-yl] ethanone derivatives. J 
Iran Chem Soc. 2021;18(10):2741–56. 

31.  Lakshmi C, Kumar KA, Dennis TJ, Kumar TS. 
Antibacterial activity of polyphenols of Garcinia 
indica. Indian journal of pharmaceutical sciences. 
2011 Jul;73(4):470. 

32.  Maia NL, de Barros M, de Oliveira LL, Cardoso 
SA, dos Santos MH, Pieri FA, et al. Synergism of 
plant compound with traditional antimicrobials 
against Streptococcus spp. isolated from bovine 
mastitis. Front Microbiol. 2018;9(JUN):1–10. 

33.  Di E, Daniele M, Fabio T. DockingApp/ : a 
user friendly interface for facilitated docking 
simulations with AutoDock Vina. J Comput 
Aided Mol Des. 2017;0(0):0. 

34.  V. B. CK, PATIL SM, SHIRAHATTI PS, S. S, 
M. T, RANGANATHA L V., et al. the Current 
Status and Perspectives for the Emerging 
Pandemic: Covid-19. Int J Pharm Pharm Sci. 
2020;(June):1–10. 

35.  Kumari B C V, Patil P P SM, P P SS, Kumari B 
P P C V, P P TM, P SP, et al. Bioactive Peptides: 
Its Production and Potential Role on Health. Int 
J Innov Sci Eng Technol. 2020;7(1). 

36.  Patil SM, Martiz RM, Ramu R, Shirahatti 
PS, Prakash A, Chandra S J, et al. In silico 
identification of novel benzophenone–coumarin 
derivatives as SARS-CoV-2 RNA-dependent 

RNA polymerase (RdRp) inhibitors. 2021 
37.  Trott O, Olson AJ. AutoDock Vina: Improving 

the speed and accuracy of docking with a new 
scoring function, efficient optimization, and 
multithreading. J Comput Chem. 2010 Jan 
30;31(2):455–61. 

38.  Patil SM, Martiz RM, Ramu R, Shirahatti PS, 
Prakash A, Kumar BRP, et al. Evaluation of 
flavonoids from banana pseudostem and flower 
(quercetin and catechin) as potent inhibitors of 
á-glucosidase: An in silico perspective. 2021 

39.  Ramu R. Comparative molecular docking 
and simulation analysis of molnupiravir and 
remdesivir with SARS-CoV-2 RNA dependent 
RNA polymerase (RdRp). Bioinformation. 
2021;17(11):932–9. 

40.  Gurupadaswamy HD, Ranganatha VL, Ramu R, 
Patil SM, Khanum SA. Competent synthesis of 
biaryl analogs via asymmetric Suzuki–Miyaura 
cross-coupling for the development of anti-
inflammatory and analgesic agents. J Iran Chem 
Soc. 2022 Jan 4;1–16. 

41.  Kumar V, Ramu R, Shirahatti PS, Kumari VBC, 
Sushma P, Mandal SP, et al. á-Glucosidase, 
á-Amylase Inhibition, Kinetics and Docking 
Studies of Novel (2-Chloro-6-(trifluoromethyl)
benzyloxy)arylidene) Based Rhodanine 
and Rhodanine Acetic Acid Derivatives. 
ChemistrySelect. 2021 Sep 27;6(36):9637–44. 

42.  Kumar V, Ramu R, Shirahatti PS, Kumari VBC, 
Sushma P, Mandal SP, et al. á-Glucosidase, 
á-Amylase Inhibition, Kinetics and Docking 
Studies of Novel (2-Chloro-6-(trifluoromethyl)
benzyloxy)arylidene) Based Rhodanine 
and Rhodanine Acetic Acid Derivatives. 
ChemistrySelect. 2021 Sep 27;6(36):9637–44. 

43.  Kumari R, Kumar R, Lynn A. G-mmpbsa -A 
GROMACS tool for high-throughput MM-
PBSA calculations. J Chem Inf Model. 2014 Jul 
28;54(7):1951–62. 

44.  Shaheen G, Akram M, Jabeen F, Ali Shah SM, 
Munir N, Daniyal M, et al. Therapeutic potential 
of medicinal plants for the management of 
urinary tract infection: A systematic review. Clin 
Exp Pharmacol Physiol. 2019;46(7):613–24. 

45.  Scognamiglio M, Buommino E, Coretti 
L, Graziani V, Russo R, Caputo P, et al. 
Phytochemical investigation and antimicrobial 
assessment of Bellis sylvestris leaves. Phytochem 
Lett. 2016;17:6–13. 

46.  Ming D, Wang D, Cao F, Xiang H, Mu D, Cao J, 
et al. Kaempferol inhibits the primary attachment 
phase of biofilm formation in Staphylococcus 
aureus. Front Microbiol. 2017;8(NOV):1–11. 

47.  Yu Y, Pieper R. Using Proteomics to Identify 
Inflammation During Urinary Tract Infection. 



604 Badiger et al., Biomed. & Pharmacol. J,  Vol. 16(1), 595-604 (2023)

Methods Mol Biol. 2019;2021:259–72. 
48.  Polashock J, Zelzion E, Fajardo D, Zalapa J, 

Georgi L, Bhattacharya D, et al. The American 
cranberry: First insights into the whole genome 
of a species adapted to bog habitat. BMC Plant 
Biol. 2014;14(1). 

49.  Wyndham R. Cranberry juice and urinary tract 
infections. Med Today. 2006;7(5):72–3. 

50.  Baliga MS, Bhat HP, Pai RJ, Boloor R, Palatty 
PL. The chemistry and medicinal uses of the 
underutilized Indian fruit tree Garcinia indica 
Choisy (kokum): A review. Food Res Int. 
2011;44(7):1790–9. 

51.  Kim HW, Chung DH, Kim SA, Rhee MS. 
Synergistic cranberry juice combinations with 
natural-borne antimicrobials for the eradication 
of uropathogenic Escherichia coli biofilm within 
a short time. Lett Appl Microbiol. 2019 Apr 
168(4):321–8. 

52.  Espirito Santo BLS do, Santana LF, Kato Junior 
WH, de Araújo F de O, Bogo D, Freitas K de C, 
et al. Medicinal Potential of Garcinia Species and 
Their Compounds. Molecules. 2020;25(19):1–
30. 

53.  Behera AK, Swamy MM, Natesh N, Kundu TK. 
Garcinol and its role in chronic diseases. Adv Exp 
Med Biol. 2016;928(3):435–52. 


