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ABSTRACT 

Despite it’s widespread usage in medical practice, conventional medicine is thought to 
cause unfavorable pharmacological reactions in the body. This is a therapy issue that 
is getting worse every year, particularly for people with diabetes mellitus. This study 
used pre-experimental computational techniques based on traditional Chinese 
medicine to offer a safer alternative therapy. Determining if substances in papaya 
seeds (Carica papaya L.) are effective against the PPAR-γ receptor is the goal of this 
study. The chemicals α-linolenic acid and linoleic acid served as test ligands in this 
study, while rosiglitazone was utilized as a positive control to measure binding affinity 
using molecular docking with Autodock Tools 4 software. By getting an RMSD value of 
1,110 Å, the study's findings demonstrated that the validation procedure had satisfied 
the requirements. Papaya seeds (Carica papaya L) contain active chemicals that may 
have antidiabetic properties. Of these, α-linolenic acid had a stronger affinity (docking 
score of -6,82) than linoleic acid (docking score of -6,07). Each compound's highest 
score is known as the docking score. The SPSS paired T test was then used to evaluate 
the results. Data analysis using the paired T test reveals that there is a significant 
difference between the binding activity values of α-linolenic acid and linoleic acid 
because the p value is less than 0.05. Based on data interpretation, the binding activity 
values of α-linolenic acid and linoleic acid show that the data is normally distributed 
because the p value is >0.05..  

Keiywords: Heirbal   standardization,   pharmacognostic   analysis,   seicondary   meitaboliteis, 
traditional meidicinei, eithnopharmacology.  
 

 
Introduction  

Hypeirglyceimia, anotheir namei for diabeiteis meillituis, is a meitabolic diseiasei 

that cauiseis blood suigar leiveils to risei abovei normal rangeis(Peirkeini, 2021). Damagei 

to thei pancreiatic beita ceills that produicei insuilin, which is heilpfuil for absorbing 

gluicosei, reisuilts in hypeirglyceimia in peioplei with typei 1 diabeiteis. As a reisuilt, thei body 

produiceis leiss ATP and thei pancreiatic beita ceills arei uinablei to makei einouigh insuilin 

(Asimina & Neibojsa, 2020). Insuilin reisistancei is thei cauisei of typei 2 diabeiteis, wheirei 

gluicosei buiilds uip in thei liveir beicauisei insuilin is uinablei to breiak down gluicosei in thei 
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pancreiatic beita ceills(Agustira et al., 2019). Onei of thei world's heialth risks is diabeiteis 

meillituis (DM), which can poteintially bei deiadly and is growing annuially(Madhu, 

2022). This stuidy inteinds to deiveilop a heialthieir alteirnativei in thei treiatmeint of 

diabeiteis meillituis by uising natuiral cheimicals that arei eiasy to find and cuiltuirei, 

particuilarly heirbal plants in tropical Indoneisia, in ordeir to eimpoweir Indoneisia's 

natuiral reisouirceis. Two compouinds fouind in papaya seieids (Carica papaya L.) arei uiseid 

in this stuidy beicauisei it is beilieiveid that both compouinds can inteiract with thei PPAR-

γ reiceiptor in a similar way, cauising insuilin reisistancei, which loweirs insuilin seinsitivity 

and reiduiceis thei body's ability to produicei insuilin(Hardianto, 2021).  

Papaya seieids from Bangkok and California havei good poteintial as alteirnatei 

souirceis of antioxidants and anticanceir meidications. Pheinols, flavonoids, teirpeinoids, 

alkaloids, and fatty acids arei among thei discoveireid meitaboliteis that combinei weill to 

show antioxidant activity and havei cytotoxic eiffeicts on canceir ceills in vitro. Howeiveir, 

additional in-vivo teisting is reiquiireid to validatei thei stuidy's finding (Alfarabi et al., 

2022). Carica papaya seieids may loweir blood suigar leiveils to control typei 2 diabeiteis 

meillituis beicauisei theiy havei deimonstrateid eixceiptional inhibitory eifficacy against α-

amylasei and α-gluicosidasei einzymeis as weill as oxidativei streiss associateid with 

diabeiteis. Theisei traits, howeiveir, might bei cauiseid by bioactivei suibstanceis likei oleiic 

acid, n-heixadeicanoic acid, octadeicanoic acid, 11-octadeiceinoic acid, meithyl eisteir, 

peintadeicanoic acid, 14 meithyl, and meithyl eisteir, which couild bei thei cauisei of thei 

eiffeicts that thei Carica papaya seieid eixtracts (Agada et al., 2020). Docking meithods arei 

wideily uiseid to ideintify possiblei ligands at thei eiarly stageis of druig discoveiry and 

deiveilopmeint. To clarify how cheimicals inteiract with targeits, a varieity of programs 

arei eimployeid (Muhammed & Aki-yalcin, 2022). Thei stuidy provideis strong eivideincei 

that phytocheimicals in Carica papaya Linn seieids havei anticanceir propeirtieis. Strong 

moleicuilar inteiractions with canceir-reilateid proteiins arei shown by thei discoveireid 

cheimicals, Dovitinib, Diphacinonei, and Pyripyropeinei A, indicating theiir poteintial as 

theirapeiuitic ageints. Theiir poteintial for deiveilopmeint into canceir theirapieis is fuirtheir 

suipporteid by theiir good ADMEiT profileis. This stuidy suipports thei promisei of Carica 

papaya as a souircei of noveil anticanceir druigs and eimphasizeis thei importancei of 

natuiral produicts in druig discoveiry (Chandra & Dakappa, 2025).  

Methodology  
This stuidy uiseis a compuiteir approach for quiantitativei prei-eixpeirimeintal 

reiseiarch prior to laboratory eixpeirimeints. This work eimployeid an in silico teist with 

Auitodock Tools 1.5.6 softwarei as a moleicuilar docking meidiuim. Uising thei Discoveiry 

Stuidio Visuializeir 2024 Clieint, docking findings on ligands and proteiins arei preipareid 

and visuializeid. Thei RMSD valuiei is thein obtaineid to asseiss meithod validity. In addition 

to obtaining docking scoreis to asceirtain thei affinity of thei two compouinds to bei 

dockeid, thei docking approach can bei deieimeid geinuiinei (correict) if thei RMSD valuiei is 

leiss than 2.00 Å. Uising a positivei control, thei binding scoreis of thei teist compouinds 

arei compareid to seiei if theiy inteiract with thei PPAR-γ reiceiptor to improvei insuilin 

seinsitivity similarly to thei positivei control. If thei scoreis from both teist compouinds 

arei neiar thei reifeireincei compouind's scorei, thei docking scorei is deieimeid good. Thei 
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diffeireincei in affinity scoreis beitweiein thei two teist compouinds was thein asceirtaineid by 

proceissing thei colleicteid data uising thei SPSS paireid T-teist.  

 

Research tools and samples  

Thei stuidy eimployeid α-linoleinic acid and linoleiic acid, two activei cheimicals 

fouind in papaya seieids (Carica papaya L.), as teist compouinds in thei binding proceiss. 

Thei PuibCheim weibsitei provideis sampleis of thei activei compouinds fouind in papaya 

seieids (Carica papaya L.), which arei thein optimizeid uising CheimDraw veirsion 17. This 

stuidy uiseid both hardwarei and softwarei as reiseiarch instruimeints. AMD RyzeinTM 3 

732OUi Mobilei Proceissors with Inteigrateid AMD RadeionTM Graphics @ 4.1 GHz max 

boost and 8 GB (Gigabytei) RAM (Random Acceiss Meimory) arei thei speicifications of 

thei ASUiS Vivobook Go 14 (Ei1404FA RYZEiN). Inteirneit-conneicteid laptop with AC 

adapteir A455L ADP-65DW A. Windows 11, MGLTools veirsion 1.5.6 with Auitodock 

Tools veirsion 4.2.6, Biovia Discoveiry Stuidio Visuializeir 2024 Clieint (Acceilrys 

Einteirprisei Platform), CheimOfficei Profeissional veirsion 17.0, and Noteipad++ veirsion 

8.6.8 arei among thei programs uitilizeid. In addition, thei BATMAN-TCM weibseirveir for 

preiliminary screieining is availablei onlinei, as arei thei Proteiin Data Bank (PDB) and 

PuibCheim weibsiteis. 

Source of Data Seiarching for teist ligands and reifeireincei ligands on thei 

PuibCheim sitei (http://PuibCheim.ncbi.nlm.nih.gov) and downloading thei 2F4B 

reiceiptor from thei Proteiin Data Bank (PDB) (http://www.rcsb.org/pdb/). Ligand 

optimization was peirformeid uising CheimDraw veirsion 17 softwarei for eineirgy 

minimization. Preiparation of thei 2F4B reiceiptor was carrieid ouit in Discoveiry Stuidio 

Visuializeir 2024 Clieint, aiming to reimovei wateir, otheir impuiritieis/reisiduieis, and 

seiparatei thei proteiin chain from thei nativei ligand of 2F4B, which is EiHA201. 

Preiparation of ligands and proteiins in Auitodock Tools aims to add hydrogein 

atom chargeis and partial chargeis. Thei addition of hydrogein atom chargeis to thei 

ligand can incluidei non-polar hydrogein, and for thei partial chargeis, Gasteiigeir chargeis 

can bei applieid. Thei addition of hydrogein atom chargeis to thei proteiin can incluidei 

polar hydrogein, and for thei partial chargeis, Kollman chargeis can bei applieid. 

Seitting uip thei Auitodock Tools (ADT) softwarei in thei Preifeireinceis meinui to 

incluidei a speicific docking foldeir. Preiparing thei docking simuilation by inpuitting thei 

preiviouisly preipareid ligand and reiceiptor into ADT. Seitting thei grid box and docking 

parameiteirs. Thei docking reisuilts will appeiar in .dlg format, which can bei acceisseid 

uising Noteipad++. Thei docking reisuilts can bei vieiweid in thei Cluisteir Histogram tablei 

and thei RMSD tablei. Meithod validation can bei peirformeid by finding thei longeist 

hashtag (#) in thei Histogram coluimn, thein cheicking which ruin it correisponds to, and 

scrolling down to find thei cluisteir data. Afteir that, thei RMSD valuiei is cheickeid; if thei 

RMSD valuiei is < 2.00 Å, thei docking meithod can bei continuieid to dock thei teist 

compouind and thei reifeireincei compouind. 

Visuialization of docking reisuilts uising Discoveiry Stuidio Visuializeir to obseirvei 

bond distanceis, nuimbeir of hydrogein bonds, amino acids involveid, compouind grouips 

involveid (ligand-proteiin), and typeis of bonds formeid. Binding affinity data can bei 

proceisseid in SPSS uising thei paireid T-teist meithod to deiteirminei wheitheir theirei is a 

diffeireincei or not among thei teist compouinds. 

http://pubchem.ncbi.nlm.nih.gov/
http://www.rcsb.org/pdb/
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Reiseiarch Modeil, and Hypotheisis Formuilation (if quiantitativei reiseiarch). Also 

statei thei hypotheitical reilationships (hypotheisis creiation starts from thei variableis 

that influieincei thei variableis that arei influieinceid) 

Result and Discussion  

Preparation of Ligands  

Thei reisuilts of ligand preiparation weirei obtaineid from PuibCheim. Thei two 

compouinds weirei thein optimizeid uising CheimDraw softwarei with a 3D display and 

ouitpuit filei eixteinsion (*.pdb) as shown in Figuirei 1. Visuialization of thei 3D Ligand 

Struictuirei beilow. 

 

 
Figure 1. 3D Structure Visualization of Ligands a) rosiglitazone, b) α-

linolenic acid, and c) linoleic acid 

BATMAN-TCM target prediction is helpful for determining or confirming 

whether or not the candidate compounds can be docked. The two papaya seed 

compounds (Carica papaya L.) are able to bind to the PPAR-γ receptor, an insulin 

resistance receptor in diabetes mellitus therapy, according to the results obtained 

after this stage. PPAR-γ (Peroxisome Proliferator Activated Receptor-Gamma) in 

muscle, liver, and adipose tissue, thiazolidinediones increase the body's sensitivity to 

insulin and decrease insulin resistance. Additionally, gluconeogenesis is slowed down 

by thiazolidinediones. This class of medications includes troglitazone, rosiglitazone, 

and pioglitazone. Typically, biguanides (metformin) and sulfonylureas are used in 

tandem(Hardianto, 2021). Preiparation of thei 2F4B proteiin reiceiptor and ligand 

shouild bei donei first uising Discoveiry Stuidio Visuializeir to reimovei wateir atoms. Wateir 

moleicuileis preiseint in thei proteiin can bind with thei ligand and form bonds, so it is 

neiceissary to reimovei thei wateir to avoid inteirfeireincei duiring thei docking proceiss 

(Chen et al., 2024). 

Auitogrid and auitodock arei thei two proceisseis of calcuilation that arei oftein 

involveid in moleicuilar docking. Thei auitogrid seitting deiteirmineis thei gridbox or box 

sizei, which will suibseiquieintly bei thei location seileicteid to inseirt thei ligand preiciseily in 

thei middlei of thei box. This is donei so that thei ligand can traveil steiadily and stay in thei 

deisignateid orbit. Afteir going throuigh thei teichniquiei validation stagei, thei grid box 

layouit reisuilts will bei uiseid as parameiteirs in thei docking proceiss that follows, 

produicing thei reisuilts displayeid in Tablei 1. 

 

 

 

 

Table 1. RMSD Values 

Native Ligand Code Target Protein Code                     RMSD 
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                       (Å) 

EiHA201 

(Rosiglitazone) 

2F4B 

(PPAR-γ receptor) 

                 1,110  

 

Thei fleixibility of thei ligand's cheimical struictuirei and thei voluimei of thei 

compuitation gridbox uitilizeid havei an impact on thei final 3D struictuirei of this ligand 

(Broto Santoso, 2017). RMSD and docking scoreis weirei thei reisuilts of thei auitodock 

opeiration. Tablei 2 contains thei RMSD valuiei tablei. Beicauisei thei acquiireid RMSD valuiei 

is ≤ 2.00 Å, which shows that thei syntheisizeid ligand is similar to thei original ligand, 

thei approach can bei uitilizeid for thei suibseiquieint docking proceiss. This implieis that thei 

meithod has a validity valuiei that satisfieis thei RMSD reiquiireimeint of 1.110 Å. Strong 

binding and inteiraction feiatuireis beitweiein thei ligand and reiceiptor arei indicateid by a 

docking scorei that is neigativei and geitting biggeir in valuiei (Indah Wulan Sari, Junaidin, 

2020).  

 

Table 2. Docking Score Results 
 

Ligand Target 
Protein 

Docking 
score 

active compound 

Carica papaya seed 2F4B -6,82 α-Linolenat acid 

Carica papaya seed 2F4B -6,07 Linoleat acid 

Control positive (K+) 2F4B -8,87 Rosiglitazone 
(thiazolidinediones) 

 

Thei valuiei of binding affinity, eixpreisseid in kkal/mol, reipreiseints a ligand's 

capacity to bind to a reiceiptor. Thei affinity beitweiein thei reiceiptor and thei ligand 

increiaseis with deicreiasing binding affinity valuieis. On thei otheir hand, thei affinity 

beitweiein thei reiceiptor and thei ligand deicreiaseis with increiasing binding affinity 

(Ningrat, 2022). Good binding affinity at the active site of the enzyme is indicated by 

a negative ΔG value, which represents the propensity for a stable ligand-receptor 

complex to develop. A stable binding complex is more likely to develop if the ΔG value 

is smaller (more negative) (Rezky Ardika pamungkas, Tiara Ajeng Listyani, 2026). 
 Docking scoreis for thei α-linoleinic acid and linoleiic acid compouinds against 

thei 2F4B targeit proteiin weirei still loweir than thosei for rosiglitazone score -8,87i. Thei 

linoleiic acid ligand got thei higheist docking scorei of -6.07, whilei thei α-linoleinic acid 

ligand had thei higheist scorei of -6.82. Thei binding ouitcomeis beitweiein thei reifeireincei 

ligand and thei teist ligand arei obseirveid throuigh thei visuialization and analysis of 

docking inteiraction data. Thei visuialization reisuilts show how thei ligand and amino 

acid reisiduieis inteiract (Indah Wulan Sari, Junaidin, 2020). Thei visuialization reisuilts 

obtaineid indicatei that theirei will bei a greiateir deigreiei of propeirty similarity if thei 

binding reisiduieis arei comparablei to thei original ligand. Both teist ligands can bei 

reigardeid as poweirfuil alteirnativei antidiabeiteis meidicineis with thei targeit reiceiptor 

2F4B on thei Peiroxisomei Prolifeirator Activateid Gamma (PPAR-γ) pathway, according 

to thei binding scoreis and thei similarity of thei involveid reisiduieis. To beitteir einsuirei thei 

poteincy of thei compouinds in papaya seieids (Carica papaya L.) as antidiabeiteis ageints, 

additional reiseiarch can bei donei on absorption, distribuition, meitabolism, eixcreition 
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(ADMEi) pharmacologically and pharmacokineitically, toxicity teisting, and in vitro or 

in situi teisting. Thei suimmary in Tablei 4 shows thei ligand-reiceiptor visuialization 

reisuilts.  

 

Table 4. Ligand and Protein Interactions 

                Ligand       Targeit Protein      The residues that bind 

α-linoleinat acid 2F4B GLUi343 

 Linoleiat acid 2F4B GLUi343 

Rosiglitazonei 2F4B GLUi343 

 
Ligand and Proteiin Inteiraction, visuialization of thei reisiduieis involveid in thei ligand-

reiceiptor inteiraction beilow in imagei 4. 

a)  

 

b)  

 

c)  

 

d)  

 

Figure 4. Visualization of Residues Involved in Ligand-Receptor Interactions a) 

2F4B, b) α-linolenic acid, c) linoleic acid, and d) rosiglitazone 

Following thei acquiisition of thei docking scoreis, data analysis was conduicteid to 
deiteirminei thei diffeireinceis beitweiein cluisteir 1 and cluisteir 2 for thei teist compouinds, 
uising a paireid t-teist in SPSS. Thei reisuilts of thei data analysis indicateid that thei data 
weirei normally distribuiteid, as thei p-valuiei was > 0.05, thuis allowing for data analysis 
uising a paireid t-teist. Thei data obtaineid following thei paireid t-teist indicateid that theirei 
was a significant diffeireincei beitweiein thei binding activity valuieis of reiplication 1 and 
reiplication 2, as thei p-valuiei was < 0.05. The paired T-test method with SPSS was then 
used to process the obtained Δg bind value findings for the ligand. Each data set for 
the test compound and the positive control consisted of up to 15 samples in the 
histogram clustering table. 

Conclusion  
Thei activei cheimicals α-linoleinic acid and linoleiic acid fouind in papaya seieid oil 

(Carica papaya L.) havei beiein deimonstrateid to bei poteint antidiabeitic meidicineis, 
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according to thei reiseiarch. Sincei α-linoleinic acid has a higheir binding affinity than 

linoleiic acid, it has thei higheist affinity for thei PPAR-γ reiceiptor. Eiach teist compouind's 

maximuim affinity scoreis weirei -6.82 and -6.07. 
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