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Abstract: Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) is the 

cardinal enzymes in the liver and play a substantial role in balancing many metabolic pathways. 

A peccadillo, in the activity of these enzymes, can end up in uncontrollable challenges like 

chronic conditions. Therefore, the demand to use small molecules to control the enzyme's 

activity and prevent the mentioned challenges will be undeniable in the future. To answer this 

demand, a large scales virtual screening procedure, using molecular docking of 9127 FDA and 

world-approved drugs, including herbal medicine, was performed using Autodock 4.2 over the 

crystal structures of ALT and AST (PDB ID: 7AAT, 3IHJ respectively). The results revealed 

that small molecule xanthurenic acid-β-glucoside with quinoline monocarboxylic acid 

backbone and glucoside substitution could fit well in both active sites of ALT and AST and 

interact properly with the most key residues. These features, accompanied by suitable ADME 

properties, lower toxicity than previously reported inhibitors, and neoteric general backbone, 

make them potential candidates that can be used either as medicine in clinical trials or as a 

structural basis for designing other novel inhibitors.  

Keywords: aspartate aminotransferase; alanine aminotransferase; inhibitors; chronic 

conditions; virtual screening. 
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1. Introduction 

The liver is a large, complex, and strategic organ well recognized for its dominant role 

in metabolism, excreting xenobiotics, synthesizing plasma proteins, and toxic detoxifying 

products [1,2]. The liver enzymes detoxify waste products through processes like amino acid 

deamination [2,3]. Two gluconeogenesis enzymes, alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST), are the main enzymes responsible for detoxifying. Pyridoxal 

phosphate-dependent enzymes ALT and AST play vital roles in gluconeogenesis and amino 

acid metabolism in the liver. They catalyze glucose and protein metabolisms; ALT converts 

alanine into pyruvate and then converts pyruvate into acetate or acetyl-CoA via pyruvate 

decarboxylase. By the end of the aspartate metabolism, oxaloacetate and glutamate are 

produced along with AST [4-6]. Notably, ALT and AST is high throughout the body, but it is 
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mainly located in the liver (Figure 1), heart, skeletal muscles, kidney, brain, and red blood cells 

[7,8]. 

 
Figure 1. Metabolic function of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). 

Being an intracellular enzyme [9], playing a significant role in balancing metabolism, 

and abundant presence in many different cells, such as liver cells, enable us to use these 

enzymes as an indicator for measuring the health of many organs, mainly the liver [10], and as 

a target for designing new inhibitors [11]. Previous studies also approve that abnormal enzyme 

levels are involved in liver diseases, hypercholesterolemia [12], cancers [13], hypertension 

[14], skeletal muscle disorder [15], and other metabolic and non-metabolic diseases [4,16]. 

Diseases such as hypertension [17], skeletal muscle disorders [18], colon cancer [19], breast 

cancer [20], liver abnormalities [4], and pancreatic ductal adenocarcinoma (PDAC) [21] 

received more attention than other diseases as the studies indicate [22]. 

In this regard, scientists focused on designing a new paradigm to design, synthesize, 

and examine different chemicals by inhibiting these two gluconeogenesis enzymes and prevent 

or treat diseases related to the high level of ALT and AST afterward [16-26], but the major 

issues like toxicity didn't allow them to use them in clinical situations [26-28].  

Therefore, the quest for finding novel inhibitors entered a new path. A path that could 

lead to finding inhibitors without the major issues observed in previous attempts and bearing 

novel backbones different from the previous ones [29,30].  

Flavonoids were novel inhibitors that some studies insisted on considering as leading 

compounds for designing safe and effective drugs to manage increased ALT and AST-related 

disorders [2,31]. Our previous study on inhibiting liver alanine aminotransferase and aspartate 

aminotransferase effects of hesperidin and hesperetin, two major citrus flavonoids, also 

confirmed this idea [32].  

In this study, we did a virtual screening using 9127 FDA and world-approved drugs, 

including some herbal medicine and some chemical compound with possible efficacy, over the 

crystal structures of ALT and AST to find novel potential small molecules that could have 

desirable inhibition on the two gluconeogenesis enzymes. The result indicates xanthurenic 

acid-β-glucoside with quinoline monocarboxylic acid backbone and glucoside substitution can 

fit well and interact properly with the most key residues in both active sites of ALT and AST 

enzymes. 

2. Materials and Methods 

For the sake of discovering new potential inhibitors that will interact with the active 

site of the ALT and AST, the 3D structure of 9127 FDA-approved drugs, world-approved 

drugs, regulated chemicals, and herbal isolates was retrieved from the SWEETLEAD database 
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[33]  and screened with molecular docking simulations after preparation. AutoDockTools 

(ADT, Ver.1.5.6) was used to prepare the input files and analyze the results[34]. The 

downloaded 3D structure of the ligands was in structure data file (SDF) format. So, OpenBabel 

(version 2.3.1) [35] converted SDF to PDB format. After that, rotatable bonds and Gasteiger 

charges were assigned, and the prepared file was saved in pdbqt format. To prepare the protein 

input files, the crystal structure of ALT and AST with PDB ID: 3IHJ, and 7AAT, respectively, 

were downloaded from The RCSB website (https://www.rcsb.org). Then all the water 

molecules were removed from the PDB files, polar hydrogen was added, and the Kollman-

united charge [36-39] calculated the partial atomic charge. The prepared files were saved in 

pdbqt format to be used in the following steps. AutoDock 4.2 and AutoGrid 4.2 were used to 

perform docking simulations and generate grid maps. All the docking parameters were set as 

their default value except for the running jobs set for 10 runs. Grid box 50 × 50 × 50 Å (x, y, 

and z) with 0.375 nm spacing for each dimension was positioned on the active site of the ALT 

and AST. Based on their score, the ten best docking binding energy results were arranged from 

the lowest to highest. Docking procedures were done automatically by scripts written in-house. 

The docking results are visualized by Discovery Studio visualizer version 17.2 [40] and PyMol 

version 1.1evel [41]. 

3. Results and Discussion 

Virtual screening was performed over the 9127 ligands from the SWEETLEAD 

database on both ALT and AST active sites. The docking results were ranked the compounds 

according to the lowest to highest docking binding energy, and each enzyme was investigated 

separately. The top 10 compounds from ALT and AST enzymes are listed in Table 1 and Table 

2, respectively. 

Table 1.Top ten potential inhibitors from virtual screening of SWEETLEAD databases over alanine 

aminotransferase (ALT, 3IHJ). 

No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

1 

 

Xanthurenic acid-β-

glucoside 
-10.65 

H bonds: Leu 218, Tyr 

216, Tyr 440 

Pi interactions: Pro 217 

Attractive charge: Arg 

494 

Van der Waals: Phe 484, 

Asn 94, Asn 271 

2 

O

O

OH

OH

OH

OH

HO

HO

 

Darutoside -10.29 

H bonds: PLP, Tyr 216, 

Ser 340, Arg 350 

Pi interactions: Pro 217 

Van der Waals: leu 218, 

Ser 188 
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No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

3 

 

Dibenzoylgagaimol -10.16 

H bonds: Ser 188 

Pi interactions: Tyr 216, 

Arg 494 

Van der Waals: Tyr 440, 

Met 439, Asn 94 

4 

O

O

O
OH

OH

OHOO

HO

OH O

OH

OH

OH

HO

 

Kaempferol-3-

robinobioside 
-9.89 

H bonds: Ser 188, Asn 

94, Tyr 440 

Pi interactions: Pro 217, 

Arg 350 

Van der Waals: Lys 341, 

Ser 340, Tyr 302 

5 
O

OH O

O OH

O

HO

HO

HO

OH OH  

Scoparin -9.71 

H bonds: Tyr 216, Tyr 

302, leu 218 

Pi interactions: PLP 

Van der Waals: Tyr 440, 

Phe 484, Arg 350 

6 

OO

O

O

O

OOH

OHO

OH

HO

HO

HO

OH
 

7-methoxy-

baicalein 
-9.68 

H bonds: Asn 271, Arg 

494 

Pi interactions: PLP, Pro 

217 

Van der Waals: Arg 350, 

Phe 484, Tyr 216 

7 

O

O

O OH

O

O

O

OH

OH

OH

O

OH

OH

OH

 

Linarin -9.51 

H bonds: Arg 350, Ser 

188, Tyr 216, Tyr 440 

Pi interactions: Leu 218, 

Pro 217 

Van der Waals: Cys 347, 

Lys 341, Phe 484 

8 

OHO

HO

OH

O

OH

O

OH

OH

O

O

OH

OH

OH

HO

OH  

Glucan -9.48 

H bonds: PLP, Asn 271, 

Ser 340 

Van der Waals: Met 439, 

Asn 94, Arg 350 

9 

O OH
HO

O

OH
HO

N

N
 

Pseudomorphine -9.42 

H bonds: PLP, Tyr 302, 

Tyr 440 

Pi interactions: Leu 498 

Van der Waals: Asn 271, 

Thr 496, Pro 217 
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No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

10 
O

O

O

O

O

O

O
HO

HO

HO
HO

HO

HO

OH

HO

HO OH

HO

 

Corilagin -9.40 

H bonds: PLP, Asn 94, 

Tyr 440 

Pi interactions: Tyr 216, 

Leu 218 

Van der Waals: Lys 347, 

Tyr 341, Pro 217 

 

Table 2. Top ten potential inhibitors from virtual screening of SWEETLEAD databases over aspartate 

aminotransferase (AST, 7AAT). 

No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

1 

 

Xanthurenic acid-β-

glucoside 
-10.11 

H bonds: Trp 140 

Pi interactions: Ile 17 

Salt bridge: Arg 386 

Van der Waals: Phe 360, 

Ala 39, Tyr 263 

2 

 

Isorottlerin -9.91 

H bonds: Trp 140, Arg 

266, Gly 38 

Pi interactions: Ile 17, 

Phe 360, Tyr 263 

Van der Waals: Asn 142, 

Met 359, Gly 264 

3 

 

Flavonol 3-o-

glycosides 
-9.55 

H bonds: PLP, Tyr 225 

Pi interactions: Trp 140 

Van der Waals: Arg 386, 

Phe 360, Arg 266 

https://doi.org/10.33263/BRIAC135.412
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC135.412  

 https://biointerfaceresearch.com/ 6 of 15 

 

No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

4 

 

Scoparin -9.29 

H bonds: Arg 266, Asn 

142, Thr 109, Arg 386 

Pi interactions: PLP, Gly 

38 

Van der Waals: Phe 360, 

Ile 17, Trp 140 

 

5 

 

Glucononitol -9.27 

H bonds: PLP, Trp 140 

Van der Waals: Phe 360, 

Tyr 263, Ala 257 

6 

 

Sucrose -9.25 

H bonds: PLP,Gly 38, 

Asn 194 

Van der Waals: Phe 360, 

Arg 266, Trp 140 

7 

 

Dibenzoylgagaimol -9.10 

H bonds: Gly 38, Tyr 225 

Pi interactions: Trp 140, 

Ile 17, Ala 39 

Van der Waals: Phe 360, 

Arg 386, Gly 141 

8 

 

Lamiol -9.09 

H bonds: PLP, Gly 38, 

Arg 386 

Pi interactions: Ile 17 

Van der Waals: Phe 360, 

Tyr 263, Trp 140 
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No. Structure Compound name 

Binding 

energy 

(kcal/mol) 

Residue of action 

9 

 

Kutkoside -9.07 

H bonds: PLP, Asn 194, 

Arg 386 

Pi interactions: Ile 17, 

Trp 140 

Van der Waals: Phe 360, 

Gly 38, Tyr 225 

10 

 

Lactulose -9.07 

H bonds: Gly 38, Asn 

194, Arg 386 

Van der Waals: Phe 360, 

Tyr 225, Ile 17 

Two grooves access the active sites of ALT. Each monomer contains an equivalent 

active center with pyridoxal-5′-phosphate (PLP) with the intact Schiff base linkage between 

Lys 240 and PLP, and the electrostatic interactions that secure the binding of PLP to its 

phosphate moiety (including Ser 105, Ser 239, Arg 248 and Tyr 68, and the backbone amides 

of Val 104 and Ser 105), the covalent bond with Lys 240 induce a strained conformation in 

PLP, which in turn enhances its reactivity, further supported by an extended network of polar 

and non-polar interactions. Important residues that contribute to the active site include Ala 187, 

Ser 188, Asn 271, Asp 299, Tyr 302, Ser 338, and Arg 494. During the creation of interactions, 

the active site changes and catalyzes [8,42]. AST is a homodimer with two independent, active 

sites that mirror each other at the opposite sides of the enzyme[43]. The active sites are clefts 

that are fabricated from bordering the large domains of both subunits (involving residues 76-

300) and the small domain of one subunit (involving residues 15-47 and 359-410) [44]. 

Important residues that contribute to the active site include Gly 38, Ser 107, Gly 108, Thr 109, 

Trp 140, His 143, Asp 194, Asp 222, Tyr 225, Ser 255, Lys 258, Phe 360, and Arg 386 [45, 

46]. The main interaction of PLP with the active sites is through covalent bonds with Lys 258 

[47]. These residues in the pocket of the active site help the substrate to bring into the pocket 

by interacting with the guanidinium moieties of Arg 292 [46]. The active site twitches (Figure 

2) and catalysis occur when the interactions are created [45]. Now, it can be understood how 

top ligands have the lowest binding energy among all other compounds in the titled database 

over the ALT and AST active sites.  
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Figure 2. Displayed the active site of alanine aminotransferase (ALT) and aspartate aminotransferase (AST).  

For the retrieved top ten compounds from virtual screening over the ALT, the docking 

binding energy has shown a range from -10.65 to -9.40 kcal/mol, and the range for AST was 

from -10.11 to -9.07 kcal/mol. 

From the previous study, we know that hesperidin can properly fit in the active site of 

ALT with a binding energy of -5.7 kcal/mol, while hesperetin shows more ability to interact 

with the active site of the AST with a binding energy of -5.86 kcal/mol [32]. This is because 

hesperidin and hesperetin both have a flavonoid backbone in their structure.  

 
Figure 3. 2D and 3D views of the interaction between xanthurenic acid-β-glucoside and the active site of 

alanine aminotransferase (ALT), and pyridoxal-5′-phosphate (PLP) are shown with a yellow stick. 

 
Figure 4. 2D and 3D view of the interaction between darutoside and the active site of alanine aminotransferase 

(ALT), and pyridoxal-5′-phosphate (PLP) shown in yellow stick. 
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Xanthurenic acid-β-glucoside with quinoline monocarboxylic acid backbone was 

previously known as the natriuretic agent [48] and the vasoactive compound [49], which 

indicates the significant affinity in the active site of ALT with the lowest binding energy. The 

docking conformation showed (Figure 3) the three hydrogen bonds with Tyr 216, leu 218, and 

Tyr 440 and the charge bond with Arg 494. Pi interactions were also formed with Tyr 216 and 

Pro 217. Several Van der Waals bonds were observed, especially with PLP.  

A second potential ALT inhibitor based on the binding energy was darutoside with 

phenanthrene scaffold. Darutoside is the active ingredient of the Chinese traditional medicine 

of Siegesbeckia pubescens Makino along with hesperidin and contributes to the anti-

inflammatory and antinociceptive activities [50]. Darutoside formed four hydrogen bonds with 

Tyr 216, Ser 340, Arg 350, and PLP moiety (Figure 4). The same Pi interactions, like 

xanthurenic acid-β-glucoside, were also observed with Tyr 216 and Pro 217, and several Van 

der Waals bonds were formed.  

Interestingly the top retrieved potential inhibitor with the lowest binding energy in the 

active site of AST was the same as the ALT top potential inhibitor. Xanthurenic acid-β-

glucoside forms a hydrogen bond with Trp140 and several Van der Waals bonds with Gly 38, 

Gly141, Asn 142, Asn 194, Tyr 225, Lys 258, Tyr 263, and PLP. Pi interaction was also 

observed with Ile 17 (Figure 5).  

 
Figure 5. 2D and 3D views of the interaction between xanthurenic acid-β-glucoside and the active site of 

aspartate aminotransferase (AST) and pyridoxal-5′-phosphate (PLP) are shown in the yellow stick. 

Isorottlerin was isolated from Mallotus philippinensis and identified as the anti-H. 

pylori [51] and anti-tuberculosis agents [52]. Three hydrogen bonds with Gly 38, Trp 140, Arg 

266 were formed with the active site of the AST and isorottlerin. Moreover, a pi interaction 

was observed with Ile17, Tyr 263, and Phe 360, and also multiple Van der Waals interactions 

were generated (Figure 6). 
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Figure 6. 2D and 3D views of the interaction between isorottlerin and the active site of aspartate 

aminotransferase (AST) and pyridoxal-5′-phosphate (PLP) are shown on a yellow stick.  

To determine the drug-likeness properties of the retrieved potential inhibitors for both 

ALT and AST enzymes, the SwissADME webserver was used to ascertain the suitable ADME 

properties. The results were listed in Table 3 and Table 4, respectively [53]. 

Table 3. Calculated ADME properties of the top ten potential inhibitors of alanine aminotransferase (ALT). 

Compound  
MW 

(g/mol) 

H bond 

acceptors 

H bond 

donors 

TPSA 

(Å2) 
MLOGP 

Lipinski 

[54] 

ESOL class 

[55] 

Xanthurenic acid-β-

glucoside 
367.31 9 6 169.54 -2.08 Yes Very soluble 

Darutoside 484.62 8 6 139.84 0.65 Yes Soluble 

Dibenzoylgagaimol 606.70 9 5 153.75 2.65 Yes Mod. Soluble 

Kaempferol-3-robinobioside 593.51 15 8 252.03 -3.43 No Soluble 

Scoparin 461.40 11 6 193.11 -2.29 No Soluble 

7-methoxy-baicalein 591.54 14 6 220.80 -2.76 No Soluble 

Linarin 591.54 14 6 220.80 -2.76 No Soluble 

Glucan 504.44 16 11 268.68 -6.15 No Highly soluble 

Pseudomorphine 570.68 6 6 108.26 -5.13 No Mod. soluble 

Corilagin 634.45 18 11 310.66 -2.42 No Soluble 

Table 4. Calculated ADME properties of top ten potential inhibitors of aspartate aminotransferase (AST). 

Compound  
MW 

(g/mol) 

H bond 

acceptors 

H 

bond 

donors 

TPSA 

(Å2) 

MLOGP 

 

Lipinski 

[54] 

ESOL class 

[55] 

Xanthurenic acid-β-

glucoside 
367.31 9 6 169.54 -2.08 Yes Very soluble 

Isorottlerin 516.54 8 4 133.52 1.73 Yes Poorly soluble 

flavonol 3-o-glycosides 400.38 8 4 129.59 -0.6 Yes Soluble 

Scoparin 462.40 11 7 190.28 -2.29 No Soluble 

Glucononitol 208.25 5 5 101.15 -0.95 Yes Highly soluble 

Sucrose 342.30 11 8 189.53 -4.37 No Highly soluble 

Dibenzoylgagaimol 606.70 9 5 153.75 2.65 Yes Mod. soluble 

Lamiol 378.37 10 7 169.30 -2.71 Yes Highly soluble 

Kutkoside 512.46 13 6 197.13 -2.14 No Very soluble 

Lactulose 342.30 11 8 189.53 -4.37 No Highly soluble 
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The ADME results indicated that all three compounds, xanthurenic acid-β-glucoside, 

darutoside, and isorottlerin obey almost all the rules in Lipinski's rule of five. However, 

xanthurenic acid-β-glucoside indicates superiority in terms of molecular weight of 

367.31g/mol, six hydrogen bond donors, nine hydrogen bond acceptors, and LogP -2.08, which 

causes better solubility compared to darutoside, and isorottlerin. Besides, xanthurenic acid-β-

glucoside showed the highest binding energy and proper interactions and effectiveness against 

both active sites of the ALT and AST.   

Reported ALT inhibitors, including aminooxy acetate (AOA) [56], succinic acid [57], 

sitagliptin, and dapagliflozin reduce the levels of ALT. Furthermore, several chemicals have 

been identified to inhibit AST. The list includes vinyl glycine [58], alpha-methyl aspartic acid 

[59], gostatin [60]; besides hesperetin [61], hesperidin [62] is the common inhibitor for ALT 

and AST levels (Figure 7 A).  

Figure 7 B and C, similar to the top three compounds obtained from docking results 

xanthurenic acid-β-glucoside, darutoside, and isorottlerin, the reported inhibitors of both ALT 

and AST enzymes are also placed on top of the cavity of the active site which carriers the PLP 

moieties. This means that the inhibitory mechanism of discovered compounds and reported 

inhibitors are likely to be the same, and both groups may prevent the catalytic interaction of 

the enzyme by occupying the entrance space of the active site area. However, the docking 

binding energy of the reported inhibitors is significantly lower than the binding energy of the 

discovered inhibitors. This can be due to the larger size of the discovered compounds that 

contain different functional groups and can interact well with amino acids in the active site 

area. And therefore, they can probably perform their inhibitory effect more effectively than the 

reported inhibitors. 

 
Figure 7. (A) Chemical structure of reported alanine aminotransferase (ALT) and aspartate aminotransferase 

(AST) inhibitors and related placement in the active site (B) and (C), respectively. 
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This is where the priority goes to three compounds, xanthurenic acid-β-glucoside, 

darutoside, and isorottlerin. Interacting with key residues in the active site better than other 

inhibitors and suitable ADME properties are advantages that make them a great clinical 

candidate for upcoming trials. Alternatively, the general structure can also be exploited for 

designing novel inhibitors. 

4. Conclusions 

In recent decades, chronic conditions related to the increase of ALT and AST in the 

human body have been emerging rapidly. Discovering novel ALT and AST inhibitors is 

mandatory for keeping human health away from immense harm in the future. We aimed to find 

potential inhibitors by using the large scales docking-based virtual screening method and 

ranking the compounds based on the docking binding energy arranged from the lowest to 

highest. The results revealed that the top first compound, xanthurenic acid-β-glucoside could 

fit well in the active site of both ALT and AST and may inhibit the catalysis process; besides, 

the proper ADME properties make it a great clinical option for upcoming trials and inhibiting 

the ALT and AST enzyme in chronic conditions afterward. Taking together all three selected 

compounds, xanthurenic acid-β-glucoside, darutoside, and isorottlerin can be promising for 

treating chronic conditions. Nevertheless, further clinical investigations are necessary to 

determine whether they can be effective in clinical situations. 
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