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ABSTRACT 

The Garcinia-derived biflavonoids GB1, GB2, kolaflavanone 

(together known as kolaviron) and morelloflavone have been 

reported for various bioactivities including protection of 

cellular tissues against damages from toxic compounds. In 

this study, computer-aided procedures were used to model the 

interaction of these naturally-occurring biflavonoids with 

aldehyde dehydrogenase (ALDH). This study sought to 

validate these compounds as potential inhibitors of the protein 

towards treatment/prevention of ALDH related 

pathophysiologically-associated diseases. Detailed 

observation of the results obtained divulged that the Garcinia 

biflavonoids actually inserted only one of their 

monoflavonoid subunits into the putative substrate-binding 

pocket while the other subunit occupied the hydrophobic 

binding region in a manner that can prevent substrate access. 

Some amino acid residues found in the protein loop flanking 

the ligands within the putative binding pocket established 

interactions with the biflavonoids via hydrophilic bonds. 

Several hydrophobic interactions between the aromatic rings 

of the dimeric form of flavonoids and non-polar residues of 

the protein were observed to play crucial role in stabilizing the 

biflavonoids within the active site. Phe314 might further 

participate in π-π stacking with the biflavonoids aromatic 

rings. The relatively large size of the biflavonoids enhances 

their occupation of the binding pocket, however having less 

interference with the solvent-exposed region. The compounds 

are therefore predicted as unique competitive inhibitors of 

ALDH. 
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1. INTRODUCTION 
Aldehyde dehydrogenases (ALDHs) are members of 

superfamily enzymes which play crucial roles in aldehyde 

metabolism from exogenous and endogenous sources. Human 

ALDH participates in important physiological and 

toxicological reactions [1], [2]. The Aldehyde dehydrogenases 

2 (ALDH2) is a significant enzyme in the oxidation of 

acetaldehyde, an essential step in alcohol metabolism. 

Accumulation of acetaldehyde, which can occur after ethanol 

consumption, may result into development of unpleasant 

physiological effects comprising nausea, facial flushing, and 

tachycardia [1], [3]. This well-established function of ALDH 

in alcohol metabolism became a bedrock that drove research 

efforts towards identification of ALDH inhibitors. Moreover, 

ALDH isozymes have been reported for their importance in 

oxidizing lipid peroxidation-derive aldehydes which are 

reactive towards cellular components [4]. Hence, the enzymes 

contribute to maintenance of cellular homeostasis [5]. In 

addition, the proteins have the ability to interfere with neural 

function, most importantly in dopaminergic nerves [6], [7]. 

Both ALDH1A1 and ALDH2 have been implicated in this 

regard. Over the years, there have been observed correlation 

between elevated expression and activity of ALDH isozymes 

in various human cancers [1]. The effects have also been 

associated with cancer relapse [8]. Hence, the search for 

inhibitors of these enzyme to treat human diseases is a direct 

consequence of their significant physiological and 

toxicological roles. The activity of ALDH is constitutively 

expressed in various mammalian organs [9]. To date, the 

highest reported level is in the liver which is followed by the 

kidney, uterus and the brain [9]. Recent reports linked ALDH 

to a multidrug resistant efflux transporter (MDR) to drugs 

which remains a major challenge in the chemotherapeutic 

treatment [10]. The protein was associated with drug 

resistance [11]. Increased ALDH activity during cancer 

treatment has been demonstrated to be a mechanism of 

cytostatic drug resistance as well as an indicator of patient 

poor survival [1], [7] [12]. Hence, ALDH specific, 

competitive inhibitor that may not require enzymatic 

activation is believed to be suitable for in vivo inhibition of 

this protein in pathophysiological response that underlie some 

human diseases [12].  

Members of the Garcinia genus are important plants with 

numerous reports on their medicinal application in the 

literature [13], [14]. Garcinia kola, an African indigenous 

plant, has been used for folkloric medicine over many 

decades. The major flavonoid extract of this plant is known as 

kolaviron, containing mainly biflavonoids such as Garcinia 

biflavonoid 1 (GB1), Garcinia biflavonoid 2 (GB2) and 

kolaflavanone [15], [16], [17]. The various beneficial health 

effects and bioactivities of kolaviron have been described in 

recent time. These include anticancer, anti-inflammatory, anti-

diabetic, hepatoprotective, anti-toxic, anti-oxidative, anti-

viral, antimicrobial, anti-aging and anti-neurodegenerative 

disease effects [18], [19], [20], [21], [22], [23]. 

Morelloflavone, another biflavonoid identified in Garcinia 

species like Garcinia morella, Garcinia dulcis, Garcinia kola, 

Garcinia subelliptica, Garcinia livingstonei, Garcinia 

multiflora and Garcinia brasiliensis, is a potent biologically 

active chemical compound for which diverse pharmacological 

properties have been ascribed. Morelloflavone was reported to 

inhibit HMG-COA reductase enzyme as anti-hyperlipidemic 

protein [24], [25]. The biflavonoid is also said to block the 

enzymatic functions of phospholipase A2, tyrosinase, trypsin, 

cruzain, fatty acid synthase and papain [26], [27], [28], [29]. 

Moreover, the anti-fungal, anti-plasmodia, antitumor, 

antioxidant, antiviral and anti-inflammatory activities of 

morelloflavone have been documented [26], [30], [31], [32], 

[33], [34].  

Since efforts in the search for natural inhibitors of ALDH is 

still encouraged due to their cheap cost and possible reduced 

adverse effects, the current study is aimed at elucidating the 

molecular mechanism of interaction between Garcinia 

biflavonoids (GB1, GB2, kolaflavanone and morelloflavone) 

and human aldehyde dehydrogenase.   
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2. MATERIALS AND METHOD 

2.1 Preparation of target protein 

The crystal structure of human ALDH (PDB ID: 6B5I) used 

in this research was retrieved from the Brookhaven protein 

data bank (http://www.rcsb.org/pdb). The was visualized 

using the molecular graphics program PyMol intended for the 

structural visualization of proteins and was found in complex 

with inhibitor CM121, a potent competitive inhibitor of the 

enzyme. Crystallographic water molecules which were found 

with structure were then deleted prior molecular docking 

procedures. The active site of the protein was identified with 

reference to the co-crystallized ligand. 

2.2 Ligands selection, preparation and 

optimization 

The five (5) ligands used in this docking study were identified 

and selected from the literature [18], [25]. Out of these 

compounds, four (4) were biflavonoids obtained from 

Garcinia species while the other ligand was the co-crystallized 

ligand which was adopted as a reference ligand. The chemical 

structures of these compounds: Garcinia GB1 (CID: 161087), 

Garcinia GB2 (CID: 161259), kolaflavanone (CID: 155169) 

and morelloflavone (CID: 5464454) were retrieved from 

NCBI PubChem database 

(http://www.ncbi.nlm.nih.gov/pccompound) and prepared 

using ChemAxon software (https://www.chemaxon.com). 

Marvin-Sketch v15.11.30 was used to sketch the 2D-

coordinates of the ligands. The structures were then cleaned 

up in 2D and converted to 3D geometry using the Conformers 

suit of the software based on the Merck molecular force field 

(MMFF94). The MDL SDfile (.sdf) format of the ligands 

were finally docked into the active site of the targets using the 

AutoDock 4.2. 

2.4 Validation of docking protocol 
Molecular docking validation was carried out as previously 

described [24], [35]. Briefly, the ligand found at the binding 

site of the experimentally determined protein crystal was 

deleted. Then, the ligand (.sdf format) was separately 

prepared using Marvin sketch as described above and re-

docked into the active site. The binding pose and molecular 

interaction pattern was compared to that of the x-ray 

diffraction crystal structure. 

2.5 Molecular docking and scoring 
For ligand docking and target-ligand complex analysis, 

Autodock Vina suite on PYMOL was used [36], [37]. First, 

based on the already present co-crystallized ligand in the pdb 

file, the inhibitor binding site was defined with grid 

parameters and coordinate of origin (x, y and z) set as 

described previously [38] to include all the amino acid 

residues at the active site. This gives enough space to enhance 

adequate ligand rotation and translation. The spacing between 

grid points was maintained at 0.375 angstroms. All optimized 

ligands were docked to the active site of the protein. 

Throughout this experiment, the rotatable bonds of the ligands 

were set to be free, however the protein molecule was treated 

as rigid structure. A total of ten (10) docking runs were 

performed for each ligand with the number of modes set to 10 

so as to achieve more accurate and reliable results. The best 

results obtained based on the binding configuration and 

binding affinity were chosen for further analysis. 

 

 

2.6 Data analysis 
Protein-ligand complex visualization and snapshots were 

achieved using PYMOL while Ligplot was used to depict 

details of protein-ligand interactions [39]. 

3. RESULTS AND DISCUSSION 
Both synthetic and natural ALDH inhibitors have gained 

significant attention from researchers over the years with the 

intention of optimally utilizing such inhibitors for the 

treatment of disease states in which ALDH activity has been 

implicated in their pathophysiology [40], [41], [42], [43]. 

ALDHs remain as one of the most characterized proteins till 

date, and their structure and substrate profiles have been 

ascertained with exquisite precision [44], [45]. The structure 

of the protein is shown in Figure 1a with its co-crystallized 

ligand binding to the active site. This ligand (CM121) was 

used to validate the accuracy and reliability of the docking 

results by comparing the docked binding poses to the 

crystallographically-determined conformation (Figure 1b). 

The comparable binding configuration obtained indicates that 

the docking procedures adopted in this study could predict the 

binding mode of the ligands investigated [46]. Recent trend of 

evidence in literature has indicted a possible link between 

ALDH and Garcinia constituents which is becoming 

increasingly imaginable. The medicinal plant Garcinia and its 

bioactive components have been observed for their 

hepatoprotective effects in alcohol, paracetamol and other 

pernicious compounds-induced toxicity [47], [48], [49], [50].  

However, the precise interaction mechanism and affinity of 

such bioactive ingredients with the enzyme still remain 

unexplored. Previously, our research team has explored the 

molecular interaction of biflavonoids as inhibitors of 

important protein targets in various human diseases/disorders 

including tyrosinase, α-amylase, 3-hydroxy-3-methyl-glutaryl 

coenzyme A (HMG-COA) reductase [24], [38], [51]. As a 

continuation of these research activities, the current study 

features computational experimental approach to depict the 

interaction of biflavonoids obtained from Garcinia plants as 

potential competitive antagonists against ALDH protein. 

Herein, Table 1 summarizes the binding energy values 

estimated for each of the Garcinia-derived biflavonoids 

against ALDH and their molecular interaction revealing the 

essential amino acid residues that contributed to the ALDH-

biflavonoids complex formation and stability. The binding 

energy ranges from -8.7 kcal/mol to -9.0 kcal/mol compared 

to the reference ligand (-11.6 kcal/mol) which correlates with 

its IC50 value (0.54 µM) [4], thus indicating the relatively 

moderate potential of the biflavonoids in inhibiting the 

functions of ALDH. The binding energy can provide insights 

into the affinity of the biflavonoids to the active site of 

ALDH. It can also be useful in determining the stability of the 

complex [49]. The reduced potential of the natural compounds 

may not be unconnected to their bulky structure and the type 

of linkage between the two flavonoid monomers, preventing 

the biflavonoids from gaining a deeper penetration into the 

binding pocket within the active site. As flavone-flavone 

dimers with 3',8" linkage, they could suffer steric hindrance at 

the binding site [52]. The chemical structure of these 

compounds are presented in Figure 2. They possess numerous 

hydroxyl groups which participate in their hydrophilic 

interactions with protein targets while the aromatic rings are 

often seen enjoying hydrophobic interactions and possible π-π 

stacking with the aromatic amino acids at the active site of 

their targets. The chemical scaffolds can also enjoy van der 

Waal interactions with residues at a protein targets’ binding 

site. Their physicochemical parameters have been robustly 

discussed previously [24]. As shown in Figure 3, the 
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flavonoid dimers exhibit varying affinity to the target. It has 

been confirmed that substrate access channel size is a crucial 

determinant of ALDH function and inhibitor binding [53]. 

Accordingly, size selection is a fundamental property of 

ligand or substrate binding by the ALDH channel leading 

directly to the active-site binding pocket. In addition, while 

the large ALDH1 channels has been associated with a 

capability to accommodate bulky aldehydes such as 

retinaldehyde, the intramolecular cavities that direct 

aldehydes to the catalytic sites of ALDH2 enzyme is 

constricted to support abilities to detoxify small aldehydes 

[53]. Based on the ALDH-biflavonoids generated through in 

silico analysis and molecular docking in the current study, it 

was found that all the flavone-flavone structures showed 

occupancy of the active site, inserting a monoflavonoid 

subunit into the binding pocket and the other subunit 

barricades the hydrophobic region as well as the solvent-

exposed region. The bulky structure of the dimeric flavonoids 

could be an influencing factor in the binding pattern seen with 

them on the active site of ALDH [52]. Out of all the 

compounds selected for this experiment, GB1 showed the 

highest affinity (least binding energy) as illustrated in Figure 

3. To elucidate the binding cavity in details and the critical 

residues participating in ALDH-biflavonoids binding, the best 

binding pose obtained after molecular docking was further 

analyzed using Ligplot tool and the results are given in Figure 

4. GB1 interacted at the active site of ALDH establishing 

hydrogen bonding interactions with Lys145 having bond 

length of 3.06 Å and hydrophobic bonds with residues 

Gln141, Gln310, Asn475, Ala476, Asn478 and Val138. 

Morelloflavone and kolavananone both occupied the active 

site with similar binding orientation and energy value (-8.7 

kcal/mol) where they formed two hydrogen bonds each; one 

common bond with residue Lys145 as well as Glu141 and 

Asn475 respectively. The nitrogen and hydroxyl moieties of 

these residues associated with O11 atom of C6 in 

morelloflavone while O11 of C8 and O7 of C18 connected 

with nitrogen atoms of Lys145 and Asn475 respectively via 

hydrophilic interactions. Hence, they displayed competitive 

type of inhibition relative to the substrate. This observation is 

compatible with earlier reports claiming competitive 

inhibition pattern as the predominant type among the ALDH 

proteins studied so far [54]. The ALDH-GB2 complex on the 

other hand is stabilized by the hydrogen with residue Lys145 

and, hydrophobic interactions as well as Van der Waals 

bonding with amino acid residues Tyr474, Phe314, Gly310, 

Asn475 and Ala476 within the active site. A π-π stacking with 

residue Phe314 by the biflavonoids aromatic rings is also not 

impossible. As estimated by Auto Dock Vina, GB2 displayed 

good binding affinity with a minimum binding energy of -8.8 

kcal/mol. As shown in Figure 4, these compounds are fixed to 

both the active pocket and the hydrophobic region of the 

active site with less perturbation of the solvent exposed 

region. The binding region of the natural biflavonoids on the 

enzyme is located in the interior hydrophobic cavity of the 

protein. This revealed that Garcinia biflavonoids (GB1, GB2, 

kolaflavanone and morelloflavone) are good compounds 

which dock well with ALDH. Usually, the human ALDHs are 

known to display different (narrow or large) substrate entry 

channels with a constricted entrance [53], [54], [55]. This 

observation, coupled with their relatively reduced number of 

interaction and higher energy values suggest that their 

interaction with the protein may be transient or reversible, a 

desirable type of inhibition in ALDH related pathophysiology. 

These results are in agreement with the recent report of 

Kolawole et al. [12] revealing the capacity of kolaflavanone 

to interact with ALDH reversibly in experimental and 

computational modeling experiments. GB2 also displayed a 

favourable and comparatively moderate binding to ALDH 

having a single hydrophilic bond and binding poses similar to 

GB1. The increase in its energy value on the protein binding 

pocket may be due to the extra OH group in GB2 which 

influences its binding orientation and made it become slightly 

different from GB1 (Figure 4). The unique interaction pattern 

of the biflavonoids in the current study could give information 

on their potency and selectivity.   Since ALDHs participate in 

the metabolism of a variety of carbonyl compounds, the 

effects of naturally-occurring biflavonoids on such 

metabolism should be considered. As an example, previous 

reports have indicated that aspirin and its major metabolite 

salicylate can block the activities of human ADH family to 

widely varying levels [54]. Hence, precautions might be 

required in the combined use of Garcinia products (kolaviron) 

and this drug. However, the required clarification of this 

proclivity should be an essential part of further studies. 

Fig. 1. Structure of the aldehyde dehydrogenase and docking validation. (A). Surface representation of the enzyme showing the 

binding pocket. (B). The co-crystallized ligand in stick representation (magenta) bound to the ALDH active site. The enzyme is 

shown as cartoon (grey). (C). Validation of the docking protocol. The binding pose regenerated for the co-crystallized ligand 

(red) by docking procedure is comparable to the experimentally-determine structure (yellow). 

 

A B



International Journal of Computer Applications (0975 – 8887) 

Volume 179 – No.35, April 2018 

21 

Table 1. Binding energy and molecular interactions of Garcinia biflavonoids against Aldehyde dehydrogenase 
Biflavonoids Binding energy 

value 

(kcal/mol) 

No of hydrogen 

bonds 

Hydrogen bond 

interacting 

residues 

Bond length 

(Å) 

Residues 

involved in 

Hydrophobic 

interactions 

 

GB1 

 

-9.0 

1 Lys145 3.06 Asn475, Val138, 

Gln310, Gln141, 

Ala476, Asn478, 

 

GB2 

 

-8.8 

1 Lys145 3.22 Tyr474, Phe314, 

Gly310, Asn475, 

Ala476 

Kolaflavanone -8.7 2 Asn475, Lys145 3.30 

2.87 

Ala476, Leu477, 

Phe314, Phe188 

Morelloflavone -8.7 2 Gln141, Lys145 2.90 

3.31 

Ala476, Gln310, 

Leu191, Phe188 

CM121 

(Reference 

ligand) 

 

-11.6 

 

3 

Thr312, 

Lys320 

Thr312 

3.16 

3.29 

3.06 

Gly142, Leu477, 

Asn478, Phe314 

 

 

 

Kolaflavanone    GB1 

 

 GB2    Morelloflavone 

Fig. 2. 2D structure of Garcinia biflavonoids used as ligands in the this study. 
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Fig. 3. Estimated binding-affinity ranking of Garcinia biflavonoids to ALDH. 

 

 

Fig. 4. Molecular interaction of selected Garcinia biflavonoids with ALDH at the active site. In Ligplot, only important 

residues for binding within the active site that are shown; carbons are in black, oxygens in red and nitrogens in blue. 

 

 

A

The hydrophobic 

binding region
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Ligand bond   Non-ligand residues involved in hydrophobic contact(s) 

Non-ligand bond       Corresponding atoms involved in hydrophobic contact(s) 

Hydrogen bond and its length Equivalent Residues 

4. CONCLUSION 
In the current study, the interaction between Garcinia 

biflavonoids and ALDH at the molecular level was studied 

using in silico approach. Results obtained from molecular 

docking experiments revealed the capacity of the compounds 

to conveniently occupy the hydrophobic portion as well as the 

active-site pocket with moderate affinity compared to the co-

crystallized ligand. While one of the monoflavonoid subunits 

was directly inserted to block the putative binding pocket, the 

other subunit interacted with essential amino acid residues 

within the hydrophobic pocket. GB2, a component of Garcinia 

kolaviron, displayed the highest binding affinity to the 

enzyme at the active site while morelloflavone and 

kolaflavanone were the least potent compounds against 

ALDH according to this study. Insights on the contributions 

of hydrophilic, hydrophobic and van der Waal interaction in 

ALDH inhibition by the Garcinia biflavonoids were provided. 

This work identified these biflavonoids as potential 

competitive inhibitors of ALDH which might be useful in the 

treatment of pathophysiological diseases associated with the 

enzyme functions while the mode of interaction unraveled 

here may provide insights into the biflavonoids potency (IC50) 

and effectiveness. Therefore, future in vitro, in vivo and X-ray 

crystallographic determination of the ALDH-Garcinia 

biflavonoids complexes are suggested to elucidate more on 

their exact molecular structures after interaction. 
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