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Abstract  
In the present study, 15- Indane 1.3 dione derivatives were designed and docking studies were performed using PyRx 
tool by targeting Pf-LDH(1LDG) and Aspartic protease plasmepsin II (1LEE) as antimalarials.The drug likeness and 
ADME analysis were performed on the developed Indane 1.3 dione derivatives. The compounds with the best ADME 
score were then assessed by docking them against the 1LDG and 1LEE targets. Assay were performed to validate in-
vitro antimalarial medication for the Plasmodium falciparum sensitive to chloroquine (3D-7).Comparing Pf-
LDH(1LDG) to 1LEE, the latter target has poorer binding interactions with the amino acids 
Val141,Lys129,Trp128,Asp130,Asp190,Leu324,Pro181,Tyr266,Ile322,Tyr309,Thr183 and Asn263. When it 
comes to Schizonts, Compounds XI, XII, and XIV have demonstrated half-maximum levels of inhibition (IC50) values 
less than 0.5 μM (or <500 nM). Compounds I, V, VII, VIII, X, XIII, and XV displayed moderate activity according 
to the IC50 values, while compounds II, III, IV, VI, and IX demonstrated less activity.Additionally, against a strain 
resistant to chloroquine, three compounds exhibited IC50 values that range from 9.23 to 9.56 µg/ml. Compounds XI, 
XII, and XIV were discovered to be effective against the Plsmodium falciparum that is sensitive to chloroquine (3D-
7). 
Keywords: Indane 1.3 dione, Antimalarial, Docking, ADMET, Pf-LDH, Plasmepsin- II 
 
INTRODUCTION: 
In 2021, 84 countries where malaria is prevalent, including French Guiana, recorded 247 million cases 
of malaria worldwide. The WHO African Region accounted for the majority of this increase. In 2015, 
which is regarded as the baseline year of the global technological plan for combating malarial parasite 
infection, there were an approximate 230 million incidences of malaria.The COVID-19 pandemic-related 
service disruptions in 2020 were linked to the rise[1].Pregnant women and children account for over a 
million deaths each year. The genus Plasmodium, which causes malaria, is a parasitic and hematologic 
disease spread via the female Anopheles mosquito's bites vectors carrying the infection[2-3]. The parasite 
Plasmodium falciparum causes malaria has a problem developing drug resistance, and the lack of a vaccine 
has made it necessary to look for new pharmacological skeletons with unique modes of action and the 
capacity to target novel protein targets[4-5]. TP. falciparum is the most deadly parasite, with the highest 
rates of fatality and morbidity[6].It has been determined that Human malaria is caused by five different 
species of Plasmodium: P. ovale, P. vivax, P. malariae, P. knowlesi, and P. falciparum. The most prevalent 
and virulent of them is Plasmodium falciparum[7].Many of the antimalarial medications that were once 
successful have become ineffective due to widespread drug resistance, and developing new drug 
combinations for chemotherapy is now necessary To stop the malarial parasite from quickly developing 
resistance to artemisinin and its derivatives, currently available medications such as mefloquine, 
quinine, chloroquine, and artemisinin-based combination therapy have been used against the parasite. 
ACTs have been the primary treatment for falciparum malaria up to  the previous eighteen years.[8]. 
Following plasmodium parasite dispersal, the parasites quickly entered the bloodstream and entered the 
liver, where they infected hepatic cells. Thousands of merozoite cells were finally produced by it after it 
multiplied. Following their release into bloodstream, merozoites infect RBCs, it causes malaria 
infection[9].The antimalarial medications function by preventing the synthesis of hemozoin, which 
creates free radicals inside the digestive vacuoles or hemoglobin, which is hydrolyzed into globin and 
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heme parts inside the digestive vacuoles[10]. Potential medications that are already on the market target 
the diverse family of plasmodium enzymes, which includes falcipains, aminopeptidases, and plasmepsins 
(PMs). These enzymes have a role in hemoglobin hydrolysis in human hosts as well as other vital activities 
such erythrocyte invasion and rupture[11-16].Proton donors and other acceptors hydrolyze the amide 
group of peptide bonds in proteins, and the two aspartic acid residues that comprise PMs are these 
donors[17].Aspartic protease, metalloproteases (falcilysin), and cysteine proteases (falcipain-1, -2, and -3) 
are responsible for the breakdown of hemoglobin[18].A set of essential enzymes in the malarial parasite’s 
life cycle, these target proteins have ten distinct isoforms, and inhibiting plasmepsins causes the parasite 
to die[19-21].The antimalarial medication artemisinin, which is presently on the market, inhibits the 
activity of both plasmepsin I and plasmepsin II[22].The glycolytic pathway has drawn a lot of attention in 
the hunt for substitute medications due to its pivotal function in producing adenosine triphosphate 
(ATP), which is necessary to power cellular functions in the majority of protozoan parasite life cycles. One 
of the crucial and promising enzyme targets found in the glycolytic cycle of parasites, lactate 
dehydrogenase (LDH) controls the production of ATP, which drives biological mechanisms in most The 
life cycles of parasitic protozoa[23].Another target for antimalarial medications is malarial lactate 
dehydrogenase, which is necessary in proliferation and parasite’s survival[24].Throughout P. falciparum's 
anaerobic erythrocytic stages of life, it serves to regulate the generation of cellular constituent ATP by 
catalysis, which results in the The last stage of the glycolytic process involves the conversion of lactate to 
pyruvate[25]. Pf-LDH enzyme might be desirable target for development and discovery of anti-malarial 
drugs since it inhibits Pf-LDH growth and causes parasite death[26]. In order to generate, find, and analyze 
drug candidates and related physiologically active compounds, Insilico studies that use computer-aided 
drug design (CADD) techniques such virtual screening, pharmacophore modeling, molecular docking, 
and dynamic simulation are now commonly employed[27].Molecular docking is essential when using the 
structure-based drug design (SBDD) technique since it forecasts the ideal binding posture of a molecule 
with the target binding affinity  and active sites[28]. Important information on whether a molecule can 
become a good candidate with desirable attributes early in the process of development is provided by in-
silico physicochemical property data of a series of compounds under research, such as log P, TPSA, size, 
solubility, saturation, and flexibility[29]. The objectives of this study were to predict ligand binding 
interactions and their drug properties, as well as to perform molecular docking simulations using PyRx 
virtual screening software and to predict ADME and drug-likeness on the derivatives of indane 1,3 diones 
on two targets: lactate dehydrogenase (Pf-LDH) and Aspartic protease plasmepsin II protein. The results 
of the investigation are displayed here. 
 
2. MATERIALS AND METHODS 
2.1 Ligand Preparation 
Chem sketch Ultra v.7.0.1 is used to sketch the chemical structures of fifteen created compounds in cdx 
format. These are subsequently translated to SDF format. A database of fifteen tiny compounds is created 
internally. Atomic coordinates were made up using the online Open Babel GUI program by switching to 
the pdbqt format. Standard drug structures were acquired from Pubchem in 3D format and saved as SDF 
files. Open Babel was then used to convert the SDF file to pdb format[30-31].   
2.2 Protein Preparation  
The Protein Data Bank provided  3D crystal structures of  aspartic protease plasmepsin II protein with 
accession code 1LEE and Pf-LDH (PDB ID: 1LDG) in complex with NADH and the substrate oxamate 
for this study[32].The X-ray diffraction method was utilized to experimentally solve both structures, 
yielding resolutions of 1.90 A0 and 1.74 A0 for 1LEE and 1LDG, respectively. The docking evaluation 
was saved in PDB format and was obtained from the protein data bank (PDB ID: 1LEE). Co-crystallized 
ligand RS367 and two related chains, chains A and B, are present in the 1LEE PDB structure. Chain A 
has been chosen for additional docking. The dimensions of 25 × 25 × 25 A0 are the grid size that covers 
the entire binding site region[33].The BIOVIA Discovery Studio was established to visualize the structure. 
For preparation of the protein, undesirable chains were cut off, and the water molecules and het atoms 
from both proteins' A chains were also eliminated[34]. 
2.4 Molecular Docking  



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 18s, 2025 
https://theaspd.com/index.php 

32 

 

The PyRx tool, Autodock vina software, is employed to carry out Ligand-enzyme docking simulations to 
determine the optimal alignment of a chemical that binds to the enzyme of interest. To locate The PyRx 
8.0 tool's Autodock 4.2 docking studies perform bind free energy computations to determine the optimal 
ligand-molecule binding design to the target's active site area[35]. The ideal protein-ligand complex was 
found using the values of the minimal binding energy. Vina Wizard was used for molecular docking, 
while Discovery Studio was used to view and analyze the bonds involved in the interactions. The creation 
of new therapeutic medicines depends on our ability to comprehend the interactions between molecules 
that occur between molecules of ligands and enzymes. Accelerating Discovery Studio 3.5, the drug-
receptor interactions are displayed in terms of three-dimensional structure.  
2.5 Structural assessment of the protein  
Using the online webserver Pdbsum database for both retrieved proteins, Ramchandran plots—which 
show every type of residue with Chi1-Chi2 plots, Main chain parameters, Residue properties, Side-chain 
parameters, protein main-chain bond angles, bond lengths, RMS distances, and distorted geometry—were 
exclusively used to analyze for input atoms[36]. 
2.6 In‐Silico ADME/Pharmacokinetics Prediction 
SwissADME, an online webserver program, accustomed to analyze the chemical and physical ADME 
characteristics of produced bioactive compounds (http://www.swissadme.ch)[37-38].Figure 1 displays the 
Indane 1, 3 dione derivatives bioavailability radar. Drug similarity parameters can be quickly assessed 
thanks to bioavailability radar[38].Six physicochemical factors were investigated in total: particle size, drug 
lipophilicity, polarity, flexibility, solubility, and saturation[39]. Researchers can evaluate a synthetic the 
drug-likeness of the chemical and its possible oral absorption in the body using the bioavailability 
radar[40].The pink area represents each property's ideal range. A boiled-egg chart that examines the 
ADME behavior of each drug under inquiry independently is produced by the SwissADME web server. 
The generated model provides information on BBB permeability and passive HIA.  Two crucial 
parameters that are graphically displayed are brain access (BBB) and gastrointestinal absorption (HIA) by 
passive diffusion. BOILED-Egg[41].Additionally, they forecast the likelihood that the synthetic 
compound will function as either substrate or non-substrate of the permeability glycoprotein by utilizing 
most significant ATP transporter members, Because of the efflux mechanism's limited entry across target 
cells, the ATP parameter determines drug resistance. It forecasts whether a medication will exhibit drug 
resistance as a result of reduced access to the target cells via the efflux pump transport mechanism[42-
43].The results of the boiled-egg and bioavailability radar plots are explained in table 3. Based on this 
discovery, Lipinski's rule of five is followed by all Indane 1, 3 dione derivatives. The requirements of Ro5 
criteria are as follows: (i) Molecular weight must be less than or equal to 500 daltons (ii) Number of 
Hydrogen bond donors must be less than or equal to 5; iii) Number of Hydrogen bond acceptors must 
be less than or equal to 10; (iv) Log p-value (lipophilicity) must be less than or equal to 10; and (v)  Molar 
refractivity must be between 40 and 130[44]. 

2.7 Synthesis of 2-(arylmethylene)-(1H)-indane-l,3-(2H)-diones  
The derivatives that were previously described in our work were created by starting with an ethanolic 
solution of indane-l,3-dione and treating it with various aromatic aldehydes while piperidine was present 
to make 2-(arylmethylene)-(1H)-indane-l,3-(2H)-diones[45]. 
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Fig 1: Reaction scheme of 2-(aryl methylene)-(1H)-indane-l,3-(2H)-diones  derivatives 
2.8 In-Vitro Antimalarial Activity[46] 
 It was done by SMI assay, and involved the following steps: 
1. The synthesized compounds I through XV (1 mg/mL) were dissolved in 100 µL of DMSO and 900 
µL of growth medium to create stock solutions. 
2. RPMI 1640 medium was used to dilute this in order to get various medication concentrations. 
Dispensing these dilutions into 96-well microplates with a flat bottom was done. 
3. Only culture media was present in the negative control wells. 
4. After aliquoting the synchronized cultures into the plates and incubating them at 37 °C, the final 
haematocrit of 5% and the parasite of 1% were added. 
5. Following a 24- to 30-hour culture, growth was seen. 
6. Following the confirmation of schizont development, each well's blood was smeared. 
7. Methanol was used to repair all of the slides. 
8. The number of schizonts per 200 parasites in the asexual stage was measured. The test wells and 
control wells' values were contrasted. 
9. Using HN-NonLin V1.1, the IC50 of each chemical was finally found. 
10. The standard of excellence was chloroquine. 
 
RESULTS AND DISCUSSION 
An evaluation of the protein's structure 
Fig. 2 displays the study of the Ramachandran plot.Tables 1 and 2 show the G-factors and Ramachandran 
Plot statistics for proteins 1LEE and 1LDG. A property's degree of unusualness or out-of-the-ordinaryness 
can be determined using the G factor. G factor levels below -0.5 are considered odd, and values below -
1.0 are considered extremely unusual. The G factor values for 1LEE and 1LDG in this investigation were 
determined to be -0.08 and 0.34, respectively. 
Table 1: Protein G-Factors and RamachandranPlot Statistics: 1LEE 

Plot statistics G-Factors 
 No. of 

residues 
Percentage Parameter Score 

Average 
Score 

Areas Most Preferred 
[A, B, L] 

246 85.7%* 
Dihedral angles: 
distribution of phi-psi 

 
- 0.49 

 

Extra permitted 
areas[a,b,l,p] 

31 10.8% Chi1-chi 2 distribution - 0.37 

Generously permitted 
areas[~a,~b,~l,~p] 

6 2.1% Chi1 only - 0.02 

Disallowed regions 
[XX] 

4 1 4%* Chi3 & chi4 0.13 

Non-proline and Non- 287 100.0% Omega 0.21 
End 2 

 

covalent forces:-  -0.16 
Glycine 26 bond lengths  0.20 
Proline 16 bond angles  -0.11 
Total nos 331 Overall Average  -0.08 
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Table 2: Ramachandran Plot statistics and G-Factors for protein: 1LDG 
Plot statistics G-Factors 

 
No. of 
residues 

Percentage Parameter Score 
Average 
Score 

Areas Most Preferred 
[A, B, L] 

253 92 
Dihedral angles: 
distribution of phi-psi 

- 0.04 

 
 

Extra permitted 
areas[a,b,l,p] 

21 7.6 Chi1-chi 2 distribution 0 .16 

Generously permitted 
areas[~a,~b,~l,~p] 

0 0.0 
Chi1 only 
 

0 .11 

Disallowed regions 
[XX] 

1 0.4 
Chi3 & chi4 
 

0 .41 

Non-proline and Non-
glycine 

275 100.0 Omega 0 .49 

End 2 

 

covalent forces  0.22 
Glycine 26 bond lengths 0 .62  

Proline 12 bond angles 0.43 0.51 

Total no 315 Overall Average  0.34 
 

 
(a) 

 
(b) 

Fig. 2: Ramchandran Plot of proteins (a) Aspartic protease plasmepsin II(PDB:1LEE) 
(b) Plasmodium falciparum lactate dehydrogenase (Pf-LDH) (PDB:1LDG) 
In‐Silico ADME/Pharmacokinetics Prediction  
The physicochemical space of the egg yolk indicates a likelihood of Blood Brain Barrier permeability, 
while egg white indicates a high likelihood of HIA absorption. The molecule's poor brain penetration was 
indicated by the low absorption in the gray region seen outside the brain. In this instance, the point is 
red if the molecule is not a substrate of P-glycoprotein (PGP−) and blue if the molecule is actively being 
gastro-efluxed by P-glycoprotein (PGP+).The projected fate of the produced molecule (III) in Figure 3 is 
that it will be absorbed and not breach the blood-brain barrier (beyond the egg) or undergo active efflux 
(red dot). 

 
Figure 3. A boiled-egg diagram representing the bioactive substances under study 
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Compound III did not violate any of the examined parameters, as indicated by the bioavailability radar 
chart (Table 3). In contrast, all other compounds violated the unsaturation parameter due to their low 
fraction of sp3 carbons.  
Table 3. Bioavailability radar graphic for bioactive compounds: the appropriate physicochemical space 
for oral bioavailability is shown by the colored zone 
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Comp-IX 
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Comp-VI 

 

Comp-XIV 

 

Comp-VII 
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Comp-VIII 
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Thus, it can be inferred that each of the compounds will have good intestinal absorption, as indicated by 
the boiled-egg chart's visual result for this class of compounds (Figure 3). Only compounds III, however, 
are anticipated BBB penetrant (with in yolk), suggesting that would have detrimental effects on central 
nervous system. However, it is not anticipated that the remaining derivatives I, II, IV, and V will pass 
through the BBB. All the investigated derivatives are unexpected to be susceptible according to the active 
efflux P-gP pathway, as their red colors suggest. When taking into account the permeability glycoprotein 
(P-gp) feature. 
Drug likeness  
Lipinski's parameters were used to assess drug likeness of 15 derivatives of Indane 1.3 dione, along with 
additional parameters listed Table 4. 
Table 4: Prediction of Lipinski’s rule for best docked compounds 

Comp
. 
No 

Lipinski's Measurements Additional Factors 

M.W. 
(<500Da
) 

Log P 
(<5) 

Hydrogen 
bond 
acceptor 
( < 10 ) 

Hydrogen 
bond 
donor 
( < 5 ) 

Lipinski’s 
Violations 

Topologica
l polar 
surface area 
( < 140 Å2 ) 

N Rot B 
( < 10) 

I 331.14 3.850 3 0 0 34.140 1 

II 293.28 3.930 3 0 0 34.140 1 

III 268.7 2.400 4 0 0 79.960 2 

IV 280.68 3.550 2 0 0 34.140 1 

V 268.24 2.980 4 0 0 52.600 3 

VI 250.25 4.210 2 0 0 34.140 2 

VII 347.24 3.000 2 0 0 34.140 1 

VIII 278.21 3.320 4 0 0 43.370 2 

IX 303.14 2.610 4 1 0 63.600 2 

X 303.14 2.580 3 1 0 54.370 1 

XI 310.31 4.050 5 0 0 34.140 2 

XII 250.25 3.310 3 0 0 43.370 3 

XIII 259.26 4.060 2 0 0 34.140 1 

XIV 284.7 4.080 2 0 0 34.140 1 

XV 286.69 2.950 4 0 0 60.440 3 

Table5: Pharmacokinetic properties most active derivatives of Indane 1.3 dione 

Com
p. 
No 

MR 
logKp 
(cm/s) 

G I 
absorp
tion 

B B B 
permean
t 

Pgp 
substrate 

C 
YP1A2 
inhibitor 

C YP2C19 
inhibitor 

C 
YP2C9 
inhibito
r 

I 
49.9
1 

-6.76 High Yes 0.9880 Yes Yes Yes 

II 
74.4
9 

-5.05 High Yes 0.8056 Yes Yes Yes 

IV 
78.3
4 

-5.64 High No 0.9525 Yes Yes Yes 
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V 
74.5
3 

-5.01 High Yes 0.8289 Yes Yes Yes 

VI 
82.5
1 

-5.65 High Yes 0.9211 Yes Yes Yes 

VII 
88.7
9 

-4.40 High Yes 0.9399 Yes Yes Yes 

VIII 
69.5
2 

-5.24 High Yes 0.9844 Yes Yes Yes 

IX 
75.9
7 

-5.49 High Yes 0.9347 Yes Yes Yes 

X 
78.0
4 

-5.79 High Yes 0.8704 Yes Yes Yes 

XIII 
80.8
2 

-5.27 High Yes 0.9616 Yes Yes Yes 

XIV 
79.5
4 

-4.77 High Yes 0.9851 Yes Yes Yes 

 
The results for all derivatives that follow the Veber parameters and Lipinski's rule of five  are shown Table 
4. Produced series has good drug-like qualities, as shown by their log of octanol/water partition coefficient  
< 5, hydrogen bond acceptor counts < 5, and hydrogen bond donor counts < 10 , MW≤ 500 Da is their 
molecular weight. Furthermore, a number of metrics were computed, such as the topological polar surface 
area and the number of rotatable bonds .The TPSA values range from 34.140 to 79.960 Å2 and are 
greater than 60 Å2 but less than 140 Å2. Compounds III, IX, and XV have poor blood–brain barrier 
penetration, as indicated by TPSA values larger than 60 Å2. On the other hand, the excellent intestine 
absorption is indicated by values less than 140 Å2.Number of rotatable bonds assesses the molecular 
flexibility of the molecule; a value within < 10 indicates this. TFor the planned derivatives, the anticipated 
nRotB ranges are 1 to 3. Since no derivative was found to break more than one Lipinski criterion, it 
appears that the recommended compounds had high oral absorption.Based on the computed in silico 
ADME values, it was determined that the skin permeability of the design variants was within  allowed 
range  -8.0 to -1.0 cm/s . The measurement of an atom's or a collection of atoms' volume as indicated by 
their molar refractivity. The molar refractivity values of intended derivatives vary from 49.91 to 88.79, 
which is within the advised range of 40–130.With the exception of Compound IV, all developed 
derivatives exhibit significant gastrointestinal absorptions and are capable of penetrating the BBB, 
according to Table 4's research. As a result, treatment of cerebral malaria for indane dione derivatives is 
made successful.The results of the inhibitory prediction, drug likelihood, and the in-silico ADME 
predictions for the three Cytochrome P450 (CYP) isoforms: CYP2C9, CYP2C19, and CYP1A2. These 
forecasts show that all of the tests pass when they are investigated. 
 
MOLECULAR DOCKING RESULT: 
The malarial targets, 1LEE and 1LDG, were used in a molecular docking analysis. The amount of 
hydrogen bonds formed and the potential Indane dione derivatives' binding affinities to the malarial 
protein target are displayed in Table 6. A study on molecular docking was conducted With respect to the 
conventional medication chloroquine (which has binding affinity -5.8 kcal/mol), Good affinity is shown 
by all the derivatives, which range from - 6.9 kcal/mol for 1LEE to -7.6 kcal/mol for 1LDG.Indane 
derivatives docking with 1LDG  shows that Compound XIII showed best docking results with good 
binding affinity -8.4 kcal/mol, amino acid residues found  Ile119,Ala98,Ile54,Ala98,Phe100 and 
possessed zero hydrogen bonds and the interaction profile is dominated by the hydrophobic interactions, 
particularly with Ala98 represented in (Table 7). Other compounds named II, V, VII, X shows equal 
binding affinity -8.1 kcal/mol.The amino acid residues found with Compound II are Lys118, Ile119, 
Ala98, Ile54 showing Pi-Alkyl, Pi-Sigma interactions. Compound V interact with amino acid residues 
Phe100, Ile119, Ala98 displaying interactions between Pi-Alkyl, Pi-Pi, Pi-Alkyl, and Pi-Sigma. The 
aminoacid residues found with Compound VII are Arg171, Tyr174, Lys173, Arg185 showing Pi-Alkyl, 
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Pi-Pi-T-Shaped, Pi-Pi  interactions and possessed one hydrogen bond with Arg185.Compound X interact 
with amino acid residues Phe100, Ile119, Ala98, Ile54 showing Pi-Alkyl, Pi-Alkyl, Pi-Sigma interactions. 
On basis of molecular docking analysis of designed Indane 1.3 dione derivatives, we can say that all the 
compound showed good docking interactions with 1LDG as compared to standard drug Chloroquine 
and only compound VII forms one hydrogen bond with Arg185 have a potential to become a lead. 
Indane derivatives docking with 1LEE  shows that Compound I,III and VII showed best docking results 
with good binding affinity -7.8 kcal/mol, amino acid residues found are Met 
15,Phe120,Ile32,Val78,Gly216,Asp34 and showing Pi-Pi-T-Shaped, Pi-Alkyl interactions represented in 
(Table 8).Compound IV, XIII, XIV shows equal binding affinity -7.5 kcal/mol. The amino acid residues 
found with Compound IV are Arg 307,Tyr272,Lys327,Val160,Lys163 showing Pi-Alkyl, Pi-Cation donor 
interactions and possessed two conventional H-Bond with Arg 307,Tyr272. 
Compound VI,VIII shows binding affinity  -7.4 kcal/mol  which have interacted with amino acids namely 
Val141,Lys129,Trp128,Asp130,Asp190 showing Alkyl, Pi-Alkyl, Pi-anion inteactions with two 
conventional H-bonds Compound VI represented in (Table 5).Whereas Compound VIII interacts with 
amino acids Leu324,Pro181,Tyr266,Ile322,Tyr309,Thr183, Asn263 showing Pi-Alkyl, Alkyl, Pi-Pi-T-
Shaped interactions by  forming five Conventional-H bonds. 
On the basis of molecular docking analysis of designed Indane 1,3 dione , we can say that Compound 
I,III,VII,IV,XIII,XIV showed good docking interactions with 1LEE and these compounds have a potential 
to become a lead.From this study we can conclude that out of these two drug targets 1LDG and 1LEE 
the designed Indane dione derivatives shows good binding interactions with 1LEE compared to 1LDG 
as more hydrogen bond formation shown by compounds IV,VI,VIII,XIII,XV. 
Table 6: Binding affinities for 1LDG and 1LEE with the designed Indane 1.3 dione derivatives 

 
Sr.
No 

Liga
nd 

Bindi
ng 
Affini
ty 
(Kcal 
/ 
mol) 

Bindi
ng  
Affini
ty 
(Kcal 
/ 
mol) 

 
 
 
Sr.
No 

Liga
nd 

Bindi
ng 
Affini
ty 
(Kcal 
/ 
mol) 

Bindi
ng  
Affini
ty 
(Kcal 
/ 
mol) 

 
 
 
Sr.
No Ligand 

Bindi
ng 
Affini
ty 
(Kcal 
/ 
mol) 

Bindi
ng  
Affini
ty 
(Kcal 
/ 
mol) 

1LD
G 

1LEE 
1LD
G 

1LEE 
1LD
G 

1LEE 

1.  I - 8.2 -7.8 7. VII -8.1 -7.8 13. XIII -8.4 -7.5 
2.  II - 8.1 -7.3 8. VIII -7.7 -7.4 14. XIV -8 -7.5 
3.  III -8.1 -7.8 9. IX -8.2 -7.2 15. XV -8 -6.9 

4.  IV -7.6 -7.5 10. X -8.1 -7.3 16. 
Chloroq
uine 

-5.8 -5.8 

5.  V -8.1 -7.3 11. XI -8 -7.4     
6.  VI -7.9 -7.4 12. XII -7.7 -6.9     

 
Table 7: Molecular interactions of INDANE 1, 3 DIONE Derivatives with 1LEE and 1LDG 
Receptor 
Name 

Comp.Co
de 

Binding 
Affinity 
(kcal / mol) 

No. H 
Bond 

Interacting 
Amino acids  

Bond 
Distance 
(Å) 

Type of 
Interaction 
 

Aspartic 
protease 
plasmepsin II 
(PDB:1LEE) 
 

I -7.8 0 

Met 15 
Phe120 
Ile32 
Val78 
Gly216 
Asp34 
Asp34 
Asp34 

5.31 
4.99 
5.02 
5.24 
3.40,3.61 
4.78 
4.74 
4.64 

Alkyl 
Pi Pi- T- Shaped 
Pi Alkyl 
Pi Alkyl 
Fluorine 
Pi anion 
Pi anion 
Pi anion 
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IV -7.5 1 

Ile32 
Ile32 
Tyr77 
Ile123 
Val78 
Val78 
SER37 
Asp214 
Asp214 
Asp34 

4.79 
3.57 
5.75 
5.09 
3.97 
5.08 
3.60 
3.84 
4.38 
4.86 

Pi Alkyl 
Alkyl 
PiPi T -Shaped 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 
Carbon H -Bond 
Pi  anion 
Pi anion 
Pi  anion 

VI -7.4 2 

Val141 
Val141 
Lys129 
Trp128 
Asp130 
 
Asp190 
Asp190 

5.00 
4.51 
5.13 
5.10 
2.17 
2.61 
4.28 
3.50 

Alkyl 
Alkyl 
Pi Alkyl 
Pi  Pi -T-Shaped 
Conventional H- 
Conventional H- 
Pi anion 
Pi anion 

VIII -7.4 5 

Leu324 
Leu324 
Pro181 
 
Tyr266 
Ile322 
Ile322 
Ile322 
Tyr309 
Thr183 
Asn263 

4.00 
3.88 
5.12 
4.38 
5.53 
2.49 
2.50 
2.82 
2.52 
2.60 
3.58 

Pi Alkyl 
Pi Alkyl 
Pi  Alkyl 
Alkyl 
Pi Pi - T-Shaped 
Conventional -H 
Conventional -H 
Conventional -H 
Conventional -H 
Conventional -H 
Carbon 

XIII -7.5 1 

Ile277 
Ile277 
Ile277 
Tyr272 
Val160 
Tyr272 
Tyr272 
Tyr272 
Tyr272 
Arg307 

4.77 
3.59 
3.80 
5.02 
3.87 
5.17 
5.02 
5.50 
5.10 
2.10 

Pi Alkyl 
Alkyl 
Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 
Pi Alkyl 
Pi Pi  T-Shaped 
PiPi -T-Shaped 
Conventional H 

XIV -7.5 1 

Ile277 
Ile277 
Arg307 
Val160 
Val160 
Tyr272 
Tyr272 
Arg307 

3.56 
4.80 
5.16 
5.00 
3.86 
5.11 
5.49 
2.07 

Alkyl 
Pi Alkyl 
Pi Alkyl 
Pi Alkyl 
Pi-Sigma 
Pi Pi-T-Shaped 
Pi Pi-T-Shaped 
Conventional-H 

CHL -5.8 1 

Thr217 
Val78 
Val78 
Tyr77 

3.02 
4.98 
4.50 
3.90 

Pi-Donor-H 
Pi Alkyl 
Pi Alkyl 
Pi Sigma 

II -8.1 0 Lys118 5.09 Pi Alkyl 
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Plasmodium 
falciparum 
lactate 
dehydrogenas
e (PfLDH) 
(PDB:1LDG) 
 

Ile119 
Ile119 
Ala98 
Ala98 
Ala98 
Ile54 
Ile54 

4.74 
4.48 
4.46 
3.54 
3.94 
3.83 
3.86 

Pi Alkyl 
Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Sigma 
Pi Sigma 
Pi Sigma 

V -8.1 0 

Phe100 
Phe100 
Ile119 
Ala98 
Ala98 
Ile54 
Ile54 

3.91 
4.15 
4.98 
3.48 
4.29 
3.87 
3.93 

Pi Alkyl 
Pi Pi Staked 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 

VII -8.1 1 

Arg171 
Tyr175 
Tyr174 
Tyr174 
Lys173 
Arg185 
Arg185 
Arg185 
Pro184 

5.33 
5.56 
4.19 
5.20 
4.45 
2.42 
3.37 
3.60 
3.63 

Pi Alkyl 
Pi Pi-T-Shaped 
Pi Pi Staked 
Pi Pi Staked Alkyl 
Conventional-H 
Carbon 
Carbon fluorine 
Fluorine 

IX -8.2 0 

Ala98 
Ala98 
Phe100 
Phe100 
Phe100 
Ile54 
Ile54 
Ile119 

3.50 
4.33 
4.14 
3.96 
5.00 
3.85 
3.93 
4.97 

Pi Sigma 
Pi Alkyl 
Pi Pi Staked 
Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 
Pi Alkyl 

X -8.1 0 

Ile119 
Ile119 
Ile54 
Ala98 
Ala98 
Phe100 
Phe100 

4.98 
3.93 
3.87 
3.48 
4.29 
4.15 
3.94 

Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Sigma 
Pi Alkyl 
Pi Pi Staked 
Pi Alkyl 

XIII -8.4 0 

Ile119 
Ala98 
Ile54 
Ala98 
Phe100 

4.90 
4.32 
3.82 
3.51 
4.15 

Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Sigma 
Pi Pi Staked 

XV -8 0 

Glu122 
Glu122 
Lys118 
Ile119 
Ile119 
Ile54 
Ile54 
Ille54 
Ala98 

3.11 
3.00 
3.81 
4.78 
4.51 
3.91 
3.83 
3.88 
3.54 

Fluorine 
Fluorine 
Alkyl 
Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Sigma 
Pi Sigma 
Pi Sigma 
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 4.53 Pi Alkyl 

CHL -5.8 0 

Lys118 
Ile119 
Ile123 
Tyr85 
Val26 
Ile123 
Ala98 
Ile54 
Ile54 
Ile54 
Ala98 
Ala98 

4.03 
5.01 
5.30 
5.02 
5.12 
4.43 
4.00 
4.48 
4.98 
4.01 
3.81 
5.10 

Alkyl 
Pi Alkyl 
Alkyl 
Pi Alkyl 
Alkyl 
Pi Alkyl 
Alkyl 
Alkyl 
Pi Alkyl 
Pi Alkyl 
Pi Sigma 
Pi Alkyl 

 
In Vitro Antimalarial Activity 
The produced compounds' (I–XV) in vitro antimalarial activity is listed in the table below. Out of the 
fifteen compounds examined, three (XI, XII, and XIV) showed that it was able to inhibit Schizonts at a 
half-maximal inhibitory concentration (IC50) of less than 0.5 μM, or <500 nM. According to the in vitro 
antimalarial activity data compounds I, V, VII, VIII, X, XIII, and XV displayed moderate activity 
according to the IC50 values, while compounds II, III, IV, VI, and IX demonstrated less activity.The IC50 

values and % inhibition of compounds I to XV are presented in below table 8. 
Table 8: In vitro antimalarial activity of Compounds I to XV 

Compound No Concentration 
No. of 
Schizonts/200par
asites 

% 
inhibition 

IC50 

µg/mL µM 

I 

Chloroquine 135 100 

17.54 39.20 

2 125 94 
4 120 89 
8 105 78 
16 75 56 
32 33 24 
64 0 0 
128 0 0 

II 

Chloroquine 132 100 

32.14 64.12 

2 128 95 
4 119 89 
8 107 80 
16 81 58 
32 31 23 
64 0 0 
128 0 0 

III 

Chloroquine 134 100 

31.25 62.45 

2 129 96 
4 124 93 
8 118 84 
16 93 69 
32 51 39 
64 0 0 
128 0 0 

IV 
Chloroquine 136 100 

30.24 60.45 
2 132 97 
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4 127 93 
8 118 87 
16 101 74 
32 66 48 
64 0 0 
128 0 0 

V 

Chloroquine 132 100 

18.02 36.24 

2 129 97 
4 124 94 
8 116 88 
16 99 75 
32 72 55 
64 0 0 
128 0 0 

VI 

Chloroquine 137 100 

35.39 70.03 

2 129 93 
4 121 88 
8 102 74 
16 68 50 
32 0 0 
64 0 0 
128 0 0 

VII 

Chloroquine 133 100 

13.10 25.12 

2 121 91 
4 115 86 
8 91 68 
16 55 43 
32 0 0 
64 0 0 
128 0 0 

VIII 

Chloroquine 135 100 

13.45 27.46 

2 99 73 
4 60 44 
8 0 0 
16 0 0 
32 0 0 
64 0 0 
128 0 0 

IX 

Chloroquine 137 100 

33.12 66.96 

2 102 74 
4 67 49 
8 0 0 
16 0 0 
32 0 0 
64 0 0 
128 0 0 

X 

Chloroquine 133 100 

12.63 24.02 
2 91 69 
4 58 43 
8 0 0 
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Table 9: A molecular interaction between Indane 1,3 dione derivatives and 1LDG: (a) binding location 
in the 1LDG active site ; (b) the kind of compound interaction that attaches to 1LDG's amino acids. 
 
 

 1LDG:Interaction with Indane 1,3 dione 
derivatives 

 1LEE:Interaction between Indane 
1,3dione derivatives   

16 0 0 
32 0 0 
64 0 0 
128 0 0 

XI 

Chloroquine 137 100 

9.33 19.36 

2 111 90 
4 108 80 
8 80 58 
16 37 26 
32 0 0 
64 0 0 
128 0 0 

XII 

Chloroquine 134 100 

9.56 18.67 

2 120 90 
4 107 80 
8 79 59 
16 38 28 
32 0 0 
64 0 0 
125 0 0 

XIII 

Chloroquine 136 100 

16.28 30.04 

2 127 94 
4 120 88 
8 103 76 
16 72 53 
32 0 0 
64 0 0 
128 0 0 

XIV 

Chloroquine 134 100 

9.23 17.45 

2 129 96 
4 122 93 
8 115 86 
16 97 72 
32 59 44 
64 0 0 
128 0 0 

XV 

Chloroquine 136 100 

12.14 25.09 

2 125 92 
4 114 84 
8 93 68 
16 50 37 
32 0 0 
64 0 0 
128 0 0 
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Plasmodium falciparum lactate dehydrogenase (Pf-LDH) (PDB:1LDG) and Aspartic protease plasmepsin 
II (PDB:1LEE) are the two possible therapeutic targets that might be taken into consideration while 
developing antimalarial drugs to tackle the malaria problem. The design and prediction of possible 
interaction mechanisms and binding affinities of indane 1,3 dione substituted compounds with 1LEE 
and 1LDG are explained by this work. Among the designed ligands with 1LDG, Compound XIII had the 
greatest dock score value, while among those with 1LEE, Compound II had the highest docking score 
value.Good in silico ADMET qualities were possessed by all the proposed compounds, indicating their 
safety for future synthesis and development into effective antimalarial medicines that are commercially 
available. The current work demonstrated the molecular docking analysis of Indane 1.3 dione derivatives 
and its antimalarial assessment against the P. falciparum 3D7 strain, which is susceptible to chloroquine. 
According to the results, compound XI, compound XII, and compound XIV are the most potent 
derivatives with significant in vitro antimalarial activity against Schizonts with  half maximal inhibitory 
concentrations (IC50) values less than  0.5 μM (i.e.<500 nM). These compounds may also provide a lead 
for discovery of a new class Pf -LDH inhibitor. 
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