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Abstract: Phenols are widely distributed in various plants and plant-derived foods. Currently, there is an increasing interest in their 

application as food supplements. In this study we performed a virtual screening to identify potential molecular targets of phenolic 

compounds derived from medicinal plants known for their antioxidant and anticancer effects. A dataset of 75 phenols, reported in the 

literature and a virtual library of 7770 unique drug compounds, extracted from the DrugBank database (https://www.drugbank.ca/) were 

used. Multi-conformer structure databases were created using OpenEye OMEGA, shape- and chemical-based overlays of the conformers 

were performed in OpenEye ROCS (https://www.eyesopen.com/). As a result of the virtual screening, followed by data filtration and 

analysis, two bacterial enzymes, responsible for DNA replication, were suggested as potential novel targets of a plant-derived 

hydroxyanthraquinone. This research allows outlining the potential receptor-mediated pharmacological mechanisms of phenolic compounds 

and aims to be a first step in the development of in silico protocol for their prioritisation as healthy dietary supplements. 
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1. Introduction 

Recently, the therapeutic applications of phenolic compounds 

found in traditional medicinal plants, foods, nutraceuticals and 

species have gained an increased scientific interest [1-4]. The 

generally accepted concept for their antioxidant activity as a 

mechanism driving their beneficial actions has been enriched with 

increasing evidence for modulation of variety of molecular targets 

resulted in therapeutic effects on cancer, diabetes, cardiovascular 

and neurological diseases [5].  

In silico screening approaches have proved their efficiency at 

early stage identification of putative targets of phenols [6-8]. 

DrugBank database [9] represents a useful source of structural and 

experimental data in virtual screening projects. The latter includes 

discovery of new retinoid X receptor alpha modulators [10], as well 

as identification of novel inhibitors of putrescine uptake in 

Trypanosoma cruzi [11] and of the breast cancer resistance protein 

[12].  

In the current study, an application of a virtual protocol for 

target-fishing is reported. It involves estimating the shape and 

chemical similarity between the structures of 75 naturally-derived 

phenols, reported in the literature [13] and known drugs, deposited 

in the DrugBank database [9]. 

2. Data and methods 

Two datasets were used in the study, including: (i) 75 phenols 

and (ii) 7770 drug molecules. The first dataset is comprised of 

structurally diverse antioxidant compounds used in the traditional 

Chinese medicine for anticancer therapy [13]. It includes 

flavonoids, stilbenes, coumarins, curcuminoids, lignans, quinones 

and phenolic acids. The information about drug structures and 

related molecular targets and actions were extracted from the 

DrugBank database, along with data on the status of the deposited 

medicines [9].  

Preparation of the three-dimensional (3D) structures and the 

virtual screening were performed using programs of the OpenEye 

Scientific Software (https://www.eyesopen.com/). Multi-conformer 

structural databases were created using OMEGA v.3.1.1.2. [14], and 

the shape- and chemical-based overlays of the representative 

conformers were performed in ROCS v.3.3.1.2 [15].  

3. Results and discussion 

Here we present the application of a protocol for target 

identification in three main steps: (1) similarity-based searching of 

chemical structures; (2) ranking and filtration of the output data 

based on the obtained shape and chemical similarity scores; and (3) 

data curation by visual analysis of the overlays of phenols and 

DrugBank hits. 

Step 1: At this step the flexibility of the molecules was taken 

into account by conformer generation in OMEGA, while the 

conformers’ alignment was performed and ranked using the ROCS 

TanimotoCombo score (ranging from 0 to 2). The latter is a 

cumulative estimation of both the shape overlap of the conformers 

in the space plus the spatial alignment of chemically similar 

functional groups (e.g. hydrogen bond donor, hydrogen bond 

acceptor, cationic, anionic, hydrophobic and ring). As a result, 75 

databases, one per each query phenolic structure, were generated. 

Each database was comprised of 500 top-scored paired overlays of 

phenolic and drug conformer, the latter designated as a hit.  

Step 2: The highly scored hits were further filtered based on the 

drug status reported in the DrugBank database. Drug hits with status 

“withdrawn” were not included in the final set. By excluding drugs 

with status “investigational” or “experimental” the focus was placed 

only on hits with full documentation regarding the mechanism of 

action and the molecular target. Thus, only approved drugs with 

indication for oral administration were selected.  

At this stage, a major problem arose, stemming from the 

significant number of plant phenolic derivatives among the known 

therapeutics. These drugs were identical or very similar in structure 

with many of our query phenols, therefore an exclusion of such 

"hits" was necessary to enrich the output with drugs which could 

potentially outline some new molecular targets. This dataset 

filtering procedure was performed by ranking based on the 

aforementioned overlay estimates. In particular, only matches with 

TanimotoCombo scores equal to or lower than 1.5 were considered 

with sub-optimal estimations of shape and chemical overlaps 

ranging between 50 and 80%. Duplicates of phenolic compounds or 

drugs were cleared up in the final compound library of query-hit 

pairs by preserving the lower scored matches for each phenolic 

query and the lower scored matches for each DrugBank hit.  
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Step 3: Analysis of the 3D representations of the overlays 

allowed for further data curation. Alignments based on matching of 

carbohydrate moieties only without alignment of aglycone 

substructures were considered irrelevant. Additionally, we 

considered a structural diversity in the query-drug pairs as a 

suggested prerequisite for discovery of new pharmacological 

targets. Thus, we selected combinations of 8 drugs with 8 phenolic 

compounds (Table 1), with TanimotoCombo scores ranging 

between 1.0 and 1.3.  

The DrugBank records for the selected query-hit pairs were 

analysed in details. By filtering out matches with incomplete 

records, only pairs with full data regarding molecular actions were 

summarised in Table 2. The outlined drug hits have agonistic action 

on the human estrogen receptors, alpha-2B adrenergic receptor, 

gamma-aminobutyric acid receptor; antagonistic and/or inhibitory 

action on human sodium/glucose cotransporter 2; bacterial DNA 

replication inhibitory effect; positive allosteric regulatory role 

regarding human gamma-aminobutyric acid receptor and capacity 

of binding the human estrogen-related receptor gamma. 

The related pathological conditions vary depending on the 

targets. Modulation of the estrogen receptors and the estrogen-

related receptor were relevant to cancer, osteoporosis, genital 

disorders, and hypoestrogenism. By the similarity-based virtual 

screening we predicted putative relation to the discussed 

pathological conditions of the following phenols: naringenin, 

daidzein, and resveratrol. We outlined the sodium/glucose 

cotransporter 2, associated with type 2 diabetes treatment, as 

possible target of phenolic compounds like vitexin, daidzin, and 

resveratrol-3-glucoside. A group of drugs, used in adjunction to 

general anaesthesia, were paired with 5-methoxyfuranocoumarin 

thus linking this compound to the putative modulation of the alpha-

2B adrenergic and the gamma-aminobutyric acid receptors. While 

the aforementioned conditions were related to human molecular 

targets, the estimated similarity between one natural 

hydroxyanthraquinon and synthetic suppressor of bacterial DNA 

replication was related to molecular targets in a pathogenic 

organism. 

The established phenol-target relationships were evaluated by 

searching experimental evidence in the literature. In our analysis, 

predicted targets with supportive experimental data linking them to 

the corresponding phenol were out of the focus, since the priority 

was outlining novel targets. Therefore, the estrogen receptor-related 

activities of naringenin [16, 17], resveratrol and daidzein [18, 19] 

were excluded. Furanocoumarins have been discussed in the 

literature as modulators of the alpha-adrenergic [20] and the 

gamma-aminobutyric acid receptors [21], as well. Evidence 

supporting the relevance of resveratrol derivatives [22], vitexin 

[23], daidzin [24], and esculin [25] to the sodium/glucose 

cotransporter 2 were also found. Two bacterial enzymes (Table 2, 

No 5), however, were outlined as putative new targets of a 

hydroxyanthraquinon from Rubia cordifolia L. [13]. The alignment 

of this phenolic compound and the corresponding DrugBank hit 

(ID: DB01044) received a TanimotoCombo score = 1.3, with 80% 

shape similarity between the structures and 50% matching between 

their characteristic functional groups. The good alignment of the 

novel phenol-drug pair is presented in Fig. 1.  

 

Fig. 1 Overlay of hit (magenta) over query (cyan) structure. 

 

The outlined drug hit represents a synthetic broad-spectrum 

antibiotic agent. The related pharmacological mechanism of 

prevention/treatment of bacterial infections in the respiratory tract 

involve suppression of DNA replication in Gram-positive and 

Gram-negative bacteria. Importantly, the phytochemicals from the 

chemical class of the anthraquinones have been known for their 

anti-bacterial effects [26]. In particular, biological activities against 

S. aureus and B. subtilis have been reported for the water extract of 

the medicinal plant R. cordifolia [27]. However, in our searches, no 

data was found for investigations on activity of R. cordifolia or the 

studied phenol against this Gram-positive bacteria.  

Тhe design of a food or feed supplement based on molecular 

scaffolds derived from medicinal plants requires comprehensive 

experimental analyses. Therefore, more studies are necessary to 

estimate the ability of the outlined phytochemical to bind and 

modulate the activity of the predicted bacterial targets without being 

harmful for the host organism, as well as to assess its bioavailability 

in mammals.  

Table 1: Estimations of shape and chemical similarity between the DrugBank hits and phenolic queries 

No DrugBank ID Drug name Phenol name 
TanimotoCombo 

score 

1 DB00292 Etomidate 5-methoxyfuranocoumarin 1.1 

2 DB00890 Dienestrol Daidzein 1.3 

3 DB06292 Dapagliflozin Daidzin 1.2 

4 DB00655 Estrone Naringenin 1.3 

5 DB01044 Gatifloxacin Psеudopurpurin 1.3 

6 DB00783 Estradiol Resveratrol 1.3 

7 DB09038 Empagliflozin Resveratrol-3-glucoside 1.1 

8 DB08907 Canagliflozin Vitexin 1.0 
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By searching the predicted novel molecular targets among the 

Protein Data Bank (http://www.rcsb.org/) resources we found 

significant number of relevant crystallographic 3D structures of the 

proteins bound to their chemical ligands. Thus, our results present 

opportunity for further in silico studies of protein-ligand 

interactions. As a next step, virtual screening based on estimation of 

structural similarity and data mining techniques are foreseen to 

support the identification of the studied hydroxyanthraquinon 

among local ethnopharmacological sources or food ingredients. 

4. Conclusion 

In summary, our investigation underlined the combination of 

similarity-based virtual screening with data processing techniques 

as a promising multi-staged protocol for identification of novel 

targets even for well-studied molecules possessing wide range of 

biological activities and related molecular targets.  

We predicted potential anti-bacterial molecular mechanism of a 

hydroxyanthraquinon from natural origin particularly leading to 

suppression of bacterial DNA replication. The proposed novel 

phenolic compound-molecular target pairs could direct the scientific 

efforts to development of healthy food or feed supplements with 

possible preventative/ therapeutic action on bacterial infections.  

Overall, our study led to the estimation of potential receptor-

mediated modes of action and presents a first step in the design of 

an in silico screening workflow for the discovery of lead structures 

bearing phenolic molecular scaffolds. 
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