
Annals of West University of Timişoara, ser. Biology, 2024, vol. 27 (1), pp.31-50 

31 

 

DATABASES FOR PLANTS THAT ARE USED IN COMPUTATIONAL 

BIOLOGY. ARTEMISIA VULGARIS CASE STUDY 

 
Andrijana PUJICIC, Adriana ISVORAN* 

1West University of Timisoara, Faculty of Chemistry, Biology, Geography, Department of 

Biology, Pestalozzi 16, Timisoara, 300115, Romania  
*Corresponding author’s e-mail: adriana.isvoran@e-uvt.ro 

Received 4 June 2024; accepted  30 July 2024 

 
ABSTRACT  
This study is intended to be a brief synthesis of the free accessible databases that are 

useful for implementing computational studies involving phytochemical constituents of 

general interest. For every database, the types of data it contains and the search 

capabilities it offers are described. Furthermore, the way of using every database and 
the provided information are illustrated when searching for the Artemisia vulgaris (or 

for other plant belonging to Artemisia sp. when there are dot data for A. vulgaris) and/or 

for one of its identified compounds. The study also emphasizes that phytochemical 

databases are rich source of data for implementing computational studies involving 

plant constituents. 

KEY WORDS: databases, phytochemical constituents, computational study, medicinal 

plant, Artemisia vulgaris 

 

1. INTRODUCTION 

Databases are digital libraries that contain scientific information collected from 
the literature that disseminates the results of scientific experiments and computer 
analyses (Xiong, 2006). Biological data that are synthesized in biological databases can 

appear in various forms: genetic sequences, protein sequences, protein structures, protein 
functions, plant constituents, properties of chemical compounds with biological activity, 
medical findings, toxicological data, ecotoxicological data, etc. Each database has its 
own focus, containing specific types of biological data or broader collections of related 
information, allowing researchers to explore and analyze the data in multiple contexts. 
This emphasizes that biological databases help many scientists, educators, students, and 
other types of biological data stakeholders to deal with well-organized biological 
information that is continuously updated and usually freely and easily accessible. 

 The databases used in computational biology include information from a variety 
of research fields: genomic databases, protein databases, transcriptomics databases, 
metabolomics databases, pathway and interaction databases. There also are more 
specialized databases such as: Cancer Genome Atlas (TCGA) providing genomic data 
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related to cancer, ClinVar exposing clinically relevant variants in the human genome, 
database of Short Genetic Variants (dbSNP) also exposing genetic variation due to single 
nucleotide polymorphisms, information regarding the biologically active components of 
plants from different geographical areas and their biological activity. These databases 
are important tools for researchers and educators because they provide them with the 
opportunity to access a wide variety of biologically relevant data, which contributes to 
the understanding and explanation of many biological phenomena, from the structure 
and interactions of biomolecules to the evolution of species, respectively allow the 

development of scientific knowledge through the use and analysis of existing 
information (Kaisar et al., 2022). Regarding the use of existing databases in 
computational biology studies, the current information allows predictions about the 
biological, toxicological and ecotoxicological effects of various classes of chemicals, the 
development of new drugs, the design of chemicals with predetermined properties, etc.  
 There are numerous databases containing information regarding the plant 
compounds. In 2020, there were over 120 distinct databases and collections of natural 

products, 50 of them being open access (Sorokina & Steinbeck, 2020). 
Artemisia vulgaris, known as common mugwort, is a plant used in food 

preparation and the food industry, in traditional medicine and pharmacy, having many 
beneficial effects. These uses are due to the biologically active components it contains 
(Ekiert et al., 2020).  
 The aim of this study is to present up-to-date and free accessible databases 
containing information on numerous biologically active plant compounds of general 
interest and to illustrate their use to obtain information on the constituents of Artemisia 

vulgaris (or of other Artemisia sp.) and their biological/medical applications. Some 
databases contain information regarding phytochemicals that are used in therapies of 
specific diseases (cancer, malaria) or for computational toxicology studies, but they are 
not considered in the present review. 

The plant of interest in this study was Artemisia dracunculus, the plant used in 
the pharmaceutical industry and traditional medicine. With the help of the databases used 
for plant research, we identified the main chemical compounds that Artemisia 

dracunculus contains and obtained information about their biological and medicinal use. 
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2. DATABASES CONTAINING INFORMATION ON BIOLOGICALLY 

ACTIVE PLANT COMPONENTS OF GENERAL INTEREST AND THEIR 

POSSIBLE THERAPEUTIC EFFECTS 

 

2.1. Indian Medicinal Plants, Phytochemistry and Therapeutics database 

(IMPPAT) 

 The Indian Medicinal Plants, Phytochemistry and Therapeutics free accessible 
database version 2 (IMPPAT2.0, https://cb.imsc.res.in/imppat/) contains information 

about 4010 Indian medicinal plants containing 17967 phytochemicals with known 1095 
therapeutic uses associated and on 1133 traditional Indian medicinal formulations at the 
level of plant parts such as stem, root or leaves (Mohanraj et al., 2018; Vivek-Ananth et 
al., 2023). For the 17967 phytochemicals, IMPPAT2.0 also contains the 2D and 3D 
chemical structures and molecular properties and there is a subset of 1335 drug-like 
phytochemicals filtered using several drug-likeness rules. Moreover, molecular 
complexity and molecular scaffolding were constructed based on the structural diversity 

of the phytochemical space of the compounds contained in this database. Comparison of 
the phytochemicals contained in the IMPPAT2.0 database with compounds contained in 
other databases showed that the phytochemicals in IMPPAT2.0 have similar scaffold 
diversity to many natural product libraries and are enriched with specific protein binders 
(Vivek-Ananth et al., 2023).  
 The way to use the IMPPAT database involves entering in the search line the 
name for the plant of interest, A. vulgaris in this case, and the search returns a list of the 
phytochemicals contained in the plant of interest, the part of the plant in which it is 

found, an identifier of each substance in the database and a link to the bibliographic 
reference(s) from which the information was extracted (Figure 1). The search for A. 
vulgaris illustrates the presence of numerous chemical components, with myrtenol and 
ascaridole being among the components that are found in the aerial parts of the plant. 
The database also provides information on the therapeutic effects of the plants, part of 
the result obtained for A. vulgaris being reproduced in Figure 2. Thus, it is observed in 
this figure that the plant A. vulgaris can be used for therapeutic purposes as an 

anticoagulant, for the treatment of asthma, diseases of the nervous system and for the 
treatment of spasms. 
 The database can also be searched for a chemical compound using either its 
name or its identifier from IMPPAT2.0 (if known), in which case the search leads to the 
identification of plants containing that chemical compound, as shown in Figure 3 for the 
alpha-pinene. The search shows that the A. vulgaris plant contains the investigated 
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compound, which is found in the aerial parts of the plant, respectively in the stem and 
flowers. 
 

 
FIG.1. Illustration of how to use the IMPPAT2.0 database to obtain information on the chemicals contained in 

Artemisia vulgaris 
 

 
FIG. 2. Illustration of how to use the IMPPAT2.0 database to obtain information on the therapeutic effects of Artemisia 

vulgaris 
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FIG. 3. Illustration of how to use the IMPPAT 2.0 database to obtain information on plants containing the chemical 

compound alpha-pinene 

 
Since its appearance in 2018, the IMPPAT database has been widely used in 

various studies. A search for the keyword "IMPPAT" in the scientific literature database 
ScienceDirect leads to a number of 82 articles (excluding the 2 articles describing the 
database) with an increasing trend from year to year (Figure 4) and taking into account 
the fact that the year 2024 is not over. 

 

 
FIG. 4. Number of publications since 2019 in ScienceDirect citing the IMPPAT database 
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Of the 82 published articles, 59 are research articles, and of the latter 48 (81%) contain 
computational studies using information from the IMPPAT database. This proves the 
usefulness of this database for computational studies. There are also 7 citations of the 
IMPPAT database regarding Artemisia sp. 
 
2.2. Collective Molecular Activities of Useful Plants database (CMAUP)  

  
 Collective Molecular Activities of Useful Plants database (CMAUP, 

https://bidd.group/CMAUP/) contains information regarding 7865 plants with 
identifiable taxonomic information at the level of species and genus. The 7865 plants 
include 2954 medicinal plants and 170 food plants collected on 79 countries/regions, 
and there also are 758 human target proteins of these plants (Zeng et al., 2019; Hou et 
al., 2024). Information contained in this database also includes several scales of 
collective molecular activities of useful plants, and data obtained using bioinformatics 
and/or cheminformatics tool regarding, for example, gene ontology, bioavailability, 

absorption, distribution, metabolism, excretion and toxicity (ADMET) properties 
obtained using computational tools.  
 There are several ways to search for information in this database: by keywords 
(plant name, plant use classes, etc.), by chemical components to identify the plants that 
contain them, by the target protein investigated, by the disease to be treated, according 
to the genetic ontology, respectively according to the geographical location (Figure 5). 
The CMAUP database does not contain information on A. vulgaris, but searching for the 
keyword "Artemisia" yields information on molecular targets, genomic ontology, and 

associated diseases in addition to genus, family, and plant category (Figure 6). The 
information contained in this database reveals that plants of Artemisia sp. belong 
especially to the category of medicinal plants providing compounds with medicinal 
action. This underlines the importance of the information as it allows relevant 
computational studies for pharmaceutical applications of the components of these plants. 
 Since its appearance in 2019, the CMAUP database has accumulated a number 
of 23 citations, of which 9 (35%) refer to computational studies. These citations were 

obtained as follows: 2 in 2020, 3 in 2021, 6 in 2022, 5 in 2023 and 5 in the first 4 months 
of 2024, the increasing trend of citations being noted in this case as well. Given the 
recent enrichment of the content of the CMAUP database with detailed information at 
the molecular level that correlates plant ingredients with their therapeutic effects, we 
expect the number of citations to increase significantly in the next period. 
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FIG. 5. Illustration of how to search for information in the CMAUP database 
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FIG.6. The result obtained when searching for the keyword "Artemisia" in the CMAUP database 

 

 
2.3. Medicinal Plant Database of Bangladesh (MPDB) 

  
 Medicinal Plant Database of Bangladesh, version 2.0 (MPDB2.0  
(https://www.medicinalplantbd.com/) contains information regarding more than 500 

Bangladesh plants with medicinal use (plants of 122 family, 381 genus and 557 species).  
MPDB2.0 has a user-friendly interface and renders information about plants belonging 
to Asteraceae, Euphorbiaceae, Fabaceae, Lamiaceae, Poaceae and Solanaceae families 
that have potent medicinal and/or nutritive properties: local, scientific and family names, 
utilized parts of plants, active compounds, the diseases against which it is used, and a 
link(s) to the article(s) contained in the PubMed database from which the information 
presented is extracted. (Ashraf et al., 2014; Hussain et al., 2021). 
 The way to use the MPBD2.0 database involves searching for the plant of 

interest by its scientific name, the local name, plant genus, name of a chemical 
constituent, disease to be treated, plant parts used. How to use this database to obtain 
information about A. vulgaris is highlighted in Figure 7. 
 



Annals of West University of Timişoara, ser. Biology, 2024, vol. 27 (1), pp.31-50 

39 

 

 
FIG.7. Information provided by the MPDB 2.0 database for A. vulgaris 

 

 Because the acronym MPDB is used in science to symbolize several names, it 

is complicated to identify the number of studies that cite the database. However, the 
information in the MPDB provides access to a collection of phytochemicals derived from 
Bangladesh medicinal plants, indicating it as an essential tool for researchers working in 
the field of new drug discovery, traditional medicine and phytochemistry. Thus, MPDB 
supports computer-aided drug discovery techniques, molecular docking and virtual 
screening, with the database's precise 3D structures enabling researchers to predict 
potential therapeutic interactions with target proteins. MPDB makes a significant 

contribution to the field of drug discovery based on the identification of the therapeutic 
potential of plant chemicals. 
 
2.4. Natural Product Activity & Species Sources database (NPASS) 

  
 Natural Product Activity & Species Sources database, version 2.0, (NPASS2.0, 
http://bidd2.nus.edu.sg/NPASS/), contains 94413 unique natural products from 32287 
organisms, 958866 activity records on 7753 targets including proteins (enzymes, 

transporters, ion channels, membrane receptors) and nucleic acids (Zeng et al., 2018; 
Zhao et al., 2023). For the compounds, NPASS2.0 database reveals the structures, 
physicochemical properties, biological activities, similarity with clinical drugs, etc.   The 
way to use the NPASS2.0 database is seen in Figure 8. The name of the chemical 
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compound is entered in the search bar. In this case, we searched for the chemical 
compound ascaridole, identified using the IMPPAT database as being present in A. 
vulgaris.  

 
FIG. 8. Illustration of the results provided by NPASS2.0 database when searching for the chemical compound 

ascaridole identified in the plant of interest Artemisia vulgaris 
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By searching for the compound, we reach the page with the compound ID. Pressing the 
button with the compound ID takes us to the database page that displays more 
information about the chemical compound: IUPAC name, InCHI (International 
Chemical Identifier) code, SMILES formula, structure of the compound, chemical 
classification and physicochemical properties, fulfillment of several empirical rules 
regarding medicinal chemistry, chemically structural similarity (data not shown), and 
the ADME profile (Figure 8).  Figure 8 shows that ascaridole reveals a good ADME 
profile. Regarding the toxicity of ascaridole, it may produce eye irritation and skin 

sensitization and there is a reasonable probability to be a carcinogenic compound. 
Furthermore, NPASS database provides information regarding the biological activity of 
ascaridole (Figure 9).  
 

 
FIG. 9. Illustration of the information provided by NPASS2.0 database when searching for ascaridole and regarding its 

biological activity 

  

The relevance of the NPASS database in research is great, in recent years it has been 
used in both experimental and computational studies. Currently, NPASS database 
accumulated 83 citations, 29 of each belong to pharmacology, toxicology and 
pharmaceutical science. 
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2.5. Alkamid database 

  
 The Alkamid database (https://alkamid.ugent.be/) is a more specialized resource 
containing information on plants containing N-alkylamides (NAAs), a group of 
compounds with potential applications in pharmacology, immunology and plant biology 
and which are present in over 25 plant families. This database provides 

ethnopharmacological and biofunctional data for NAAs, their physicochemical 
properties and plant origin. The database allows searching by NAA, by functionality, or 
by item specifications (author, title, year). Starting from a plant, which can be specified 
by family, genus or species, the Alkamid database provides the NAAs that occur in that 
plant. For any NAA, the Alkamid database provides information on significant chemical 
identifiers (common and IUPAC names, SMILES string, structural formula), most 
important physicochemical properties, known functionalities (anti-inflammatory, 
antimicrobial, antiprotozoal, insecticidal, cytotoxicity, etc.), and literature data (Boonen 

et al., 2012). 
 When searching for the keyword ”Artemisia” in this database, the database 
provides information only for NAAs that are found on Artemisia dracunculus. The 
information regarding the properties, functionalities and literature for every NAA can be 
accessed by accessing its ID (Figure 10). 
 

 
FIG. 10. Information provided by alkamid database when searching for ”Artemisia”, i.e. n-alkylamides contained in 

Artemisia dracunculus 

 

Like the other databases, ALKAMID has been used in computational studies, of 
the 9 citations of this database, 3 corresponding to its use in computational approaches. 
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2.6. FooDB- Food database 

  
 FooDB (https://foodb.ca/ - accessed on 02.02.2024) is a comprehensive and 
freely accessible resource that provides information on the chemical composition of 
various foods and food ingredients. For every constituent of a food, information provided 
is: nomenclature, structure, chemical class, molecular properties, physical properties, 
food source(s), physiological effects, probable health effects, and its concentrations in 
various foods. All this information is obtained from the scientific literature. The database 

covers a wide range of food components, including amino acids, fatty acids, flavor 
compounds, food additives, minerals, vitamins, phytochemicals.  
 The way to use the FooDB database involves searching by the name of the food, 
the name of the chemical compound or the name of the investigated nutrient. Figure 11 
shows the information provided by the FooDB database for a search by the name of the 
plant of interest, A. vulgaris. 

For a given chemical compound, it is possible to access multiple information: 

names (common name and IUPAC, synonyms), chemical class, physical and chemical 
properties, spectra, associated foods, biological effects and interactions, physiological 
pathways, references and external links (data not shown), such as to understand its role 
in different foods. The FoodB database has also been widely used in various studies. 
Searching for the keyword "FooDB" in the ScienceDirect database leads to a number of 
368 articles of which 102 (28%) containing computational studies that used information 
from this database. Of these citations, 11 refer to studies performed on plants from 
Artemisia sp. The number of citations has an increasing trend from year to year, with 24 

citations only in the first 4 months of 2024 (Figure 12). 
 

 
A 
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FIG. 11. The information provided by FooDB for a search for Artemisia vulgaris: short information about this plant (A) 

and a print screen of a part of information regarding its chemical compounds (B) 

 
  

 
FIG. 12. Number of publications in the ScienceDirect database citing the FooDB database 

 
These data illustrate that FooDB serves as a valuable tool for researchers, and it 

is also useful for computational studies. 
 

0

20

40

60

80

2019 2020 2021 2022 2023 2024

number of publications



Annals of West University of Timişoara, ser. Biology, 2024, vol. 27 (1), pp.31-50 

45 

 

2.7. Dr. Duke’s Phytochemical and Ethnobotanical Databases  
  
 Managed by the United States Department of Agriculture, this database provides 
extensive information on the chemical constituents of plants, along with their 
ethnobotanical uses (https://phytochem.nal.usda.gov/ - accessed on 18.05.2024). The 
search in these databases is done according to the common or scientific name of the plant 

of interest and the provided information refers to chemical constituents, biological 
activity, and ethnobotanical use (Figure 13).  
 

 
FIG. 13. The way to use Dr. Duke’s Phytochemical and Ethnobotanical Databases 

 

Search results can be viewed online or downloaded in PDF or CSV formats. The 
databases are of interest to pharmaceutical, nutritional, and biomedical research, as well 
as alternative therapies and herbal products. 
 

2.8. OTHER DATABASES THAT CAN BE USED IN COMPUTATIONAL 

STUDIES 

  

 There are a large number of databases that contain information on the properties, 
structures and possible toxicological effects of biologically active compounds that can 
be found in plants, these databases being also utilizable in computational studies.  Such 
databases are: ChEMBL (https://www.ebi.ac.uk/chembl/, Zdrazil et al., 2024), Chemical 
Entities of Biological Interest (ChEBI, https://www.ebi.ac.uk/chebi/, Hastings et al., 
2016), ChemSpider (https://www.chemspider.com/ - accessed in 16.04.2024), PubChem 
(https://pubchem.ncbi.nlm.nih.gov, Kim et al., 2023), OpenFoodTox (https: 
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//www.efsa.europa.eu/en/discover/infographics/openfoodtox-chemical-hazards-
database - accessed on 16.04.2024), Traditional Chinese Medicine Database@Taiwan 
(TCM, http://tcm.cmu.edu.tw/ - accessed on 19.05.2024). Here, we limit ourselves to 
describing the PubChem database as it better suits the purpose of this study. 
 In the field of computational biology and chemistry, there are also needed 
databases containing information on macromolecules that may represent molecular 
targets of biologically active plant compounds. Within this study we only focus on 
databases providing information about proteins, UniProt (The UniProt Consortium, 

2023) and Protein Data Bank (Berman et al., 2000). 
 
2.8.1. PubChem database 

  
 PubChem is one of the most comprehensive public databases synthesizing 
information about chemical compounds, especially small molecules, from many data 
sources. Information for each chemical compound refers to nomenclature (including 

IUPAC name), structure, physicochemical properties, interactions, pharmacological 
properties, toxicological information (both human and environmental), etc. Thus, the 
PubChem database allows, when necessary, to complete the spectrum of information for 
the biologically active compounds present in plants. Data contained in PubChem have 
proven useful for numerous AI and machine learning studies (Kim et al., 2023). 
 The way to use the PubChem database involves entering in the search line either 
the name of the chemical compound of interest, or its SMILES formula or International 
Chemical Identifier. We illustrate how to use the database for the alpha-pinene 

compound found in A. vulgaris, (Figure 14). By accessing the file corresponding to 
alpha-pinene, the information contained in this database about this compound will be 
available. Thus, existing data in PubChem can be used in numerous drug discovery 
studies containing plant-derived compounds, with bioactivity data being used to build 
computational models for predicting bioactivity or toxicity, or to discover multi-target 
ligands. 
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FIG. 14. Illustration of how to use the PubChem database to obtain information about the compound alpha-pinene 

 
 For example, the PubChem database was used to extract the SMILES formulas 
and physicochemical properties of acyclic monoterpenes identified as components of 
essential oils extracted from plants, and this information was then used to obtain 
predictions regarding the adverse effects of these components on humans (Dascalu et 
al., 2023).  
 

2.8.2. UniProt – The Universal Protein Resource 

  
 The UniProt database (https://www.uniprot.org/, The UniProt Consortium, 
2023) provides valuable information on the sequences, cellular localization and 
biological functions of proteins that are molecular targets for phytochemicals identified 
in plants, thus supporting research in biotechnology, biological, biomedical, and 
pharmaceutical fields, as the understanding of protein functions is essential for the 

progress in these fields. Data presented in UniProt are extracted from multiple selected 
resources and are interpreted and standardized.  The database is continuously enriched 
in content including newly available information regarding protein sequences and 
functions. UniProt is an important resource for computational studies as it integrates with 
various other databases and bioinformatics tools. 
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2.8.3. Protein Data Bank (PDB) 

  
 The Protein Data Bank (PDB, https://www.rcsb.org, Berman et al., 2000) is a 
database that contains structures of biological macromolecules and the complexes 
formed by them with various ligands. The structures found in the PDB are determined 
either by X-ray diffraction, nuclear magnetic resonance (NMR), electron microscopy 
(EM), and molecular modeling. The data presented in a PDB file contain, in addition to 
the spatial coordinates of the constituent atoms of the system, general information 

necessary for all stored structures and information specific to the structure determination 
method. This database is heavily used in the fields of computational biology, 
bioinformatics and cheminformatics because it provides target protein structures for 
biologically active compounds, structures that are subsequently used in molecular 
modeling that provides information on interactions between plant chemicals and target 
proteins for disease treatment.  
 

3. CONCLUSIONS 

 Databases play a crucial role in computational studies of phytochemicals, 
providing researchers with access to vast amounts of structured information about these 
compounds. The chemical structures of phytochemicals, their molecular formulas, 
physico-chemical properties, spectral data, but not only, are data that can be used for 
identifying and/or characterizing phytochemicals present in plant extracts or natural 
products. Many databases contain data regarding (or allow prediction of) information 
about the biological activities of phytochemicals, such as their pharmacological effects, 

toxicity and mechanisms of action. Therefore, researchers can also use these databases 
to discover correlations, patterns, and/or relationships between chemical structures and 
biological activities, facilitating the development and/or improvement of predictive 
models for identifying compounds in plants that are efficient in drug discovery and 
design. Phytochemicals contained in databases can be also used in virtual screening 
against molecular targets involved in disease pathways and to identify compounds with 
therapeutic potential. Consequently, using these databases, researchers in the field of 

computational biology and chemistry can conduct studies meant to identify 
phytochemicals with specific biological activities relevant to their research interests.  
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