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ARTICLE INFO  ABSTRACT 

Submitted: 19 Dec 2023 The present article offers an extensive examination of Veronica 

officinalis, a perennial herbaceous plant renowned for its 

medicinal significance in traditional medicine. From 

ethnopharmacology to pharmacology, recent research findings 

from 2020 to 2024 are synthesized, illuminating the diverse 

therapeutic properties of this botanical species. Known 

colloquially as speedwell, V. officinalis has been integral to 

Balkan traditional medicine, addressing a spectrum of conditions 

such as liver, kidney, and bladder disorders, as well as snakebites 

and skin lesions. Recent studies have underscored its antioxidant, 

antimicrobial, anti-neoplastic, and anti-inflammatory attributes, 

indicating its potential in addressing contemporary healthcare 

challenges. Analysis of its chemical composition reveals 

bioactive compounds pivotal to its pharmacological efficacy. By 

elucidating the therapeutic potential of V. officinalis, this review 

aims to advocate for its utilization as a natural remedy and 

stimulate further exploration into its applications within modern 

healthcare paradigms. 
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Introduction

mong the various creatures with 

medical significance, plants are 

notably prominent, with Veronica 

officinalis standing out as one of the 

beneficial genera. V. officinalis belongs to the 

Plantaginaceae family. V. officinalis, a 

member of this genus, is a perennial 

herbaceous plant [Figure1](1). The genus 

Veronica is predominantly found in regions 

characterized by a Mediterranean climate, 

spanning from sea level up to high alpine 

regions (2) and they can be found flourishing 

in both damp and arid habitats (3). 

The utilization of V. officinalis in traditional 

medicine can be attributed to the specific 

phytochemical constituents of the studied 

species (4). 

In this review, we provide an updated 

overview of V. officinalis, encompassing 

ethnopharmacology, phytochemistry, and 

pharmacology from 2020 to 2024. We 

emphasize its diverse medicinal attributes, 

synthesizing recent findings to deepen 

understanding of the plant's therapeutic 

A 
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potential and implications for contemporary 

healthcare practices[Figure2]. 

Results 

The rule of V. officinalis in traditional 

medicine 

V. officinalis, a plant studied herein, holds a 

significant place in the traditional medicine of 

Balkan communities. Mocan et al. conducted 

research revealing antioxidant properties in 

ethanol extracts of phenolic compounds from 

V. officinalis, measuring at 157.99 ± 6.58 mg 

Trolox equivalents/g d.w (5). Similarly, 

Valyova et al. affirmed antioxidant activity in 

phenolic extracts of V. officinalis in their 

investigation (6). The aerial parts of 

speedwells find application in treating 

various ailments including liver, spleen, 

kidney, and bladder disorders, as well as in 

addressing snakebites, facilitating wound 

healing, and managing skin lesions, eczema, 

and ulcers (7,8,9). 
 

Anti-bacterial 

Despite advancements in controlling bacterial 

illnesses, the rise of drug-resistant bacteria 

and the emergence of new pathogenic strains 

continue to pose challenges, prompting the 

urgent need for novel antibiotics. Throughout 

history, plants have been utilized for treating 

infectious diseases, indicating their potential 

in this regard. Scientific studies have 

validated the therapeutic properties of 

medicinal plants in combating such 

infections. Hence, exploring the medicinal 

properties of plants presents a pragmatic 

strategy for identifying new antibacterial 

agents to address significant public health 

concerns(10,11). 

Nazlić et al. conducted a study where 

ethanolic extracts obtained from V. 

officinalis, V. teucrium, and V. orchidea 

displayed significant antibacterial activity 

against Gram-positive bacterial pathogens, 

including diverse strains of Listeria spp. and 

Bacillus cereus(12). This observed 

susceptibility is linked to the distinct cell wall 

structure of Gram-positive bacteria, 

contrasting with the complex outer membrane 

found in Gram-negative bacteria. This 

structural disparity affects compound uptake 

into the cells and simultaneously bolsters 

their multifaceted efflux pump system 

(13,14,15). 

In a study conducted by Rajakumar et al., it 

was found that V. officinalis demonstrated 

significant antimicrobial activity against 

various pathogens. The study involved 

obtaining microbiological samples from root 

canals undergoing retreatment and culturing 

them on selective media for 24 hours to 

cultivate specific bacterial species. 

Methanolic extracts of plants were then 

prepared and stored at 4°C until required. The 

susceptibility of endodontic bacteria to these 

extracts at varying concentrations was 

evaluated using the disc diffusion method, 

with the inhibition zone diameters measured. 

Minimum inhibitory concentration (MIC) 

and Minimum bactericidal concentration 

(MBC) were determined to pinpoint effective 

plant concentrations against resistant 

bacteria. The tests were performed in 

triplicate, and the average results were 

statistically analyzed using one-way ANOVA 

in SPSS version 20.0 to assess the inhibition 

zones of the herbal extracts against the 

microbiota. However, it exhibited resistance 

(R) against E. faecalis and S. aureus at lower 

concentrations. The MBC for S. aureus was 

determined to be 637.5 mg, while no 

bactericidal effect was observed against E. 

faecalis. Nevertheless, the plant showed 

potential inhibition against S. mutans, which 

could be attributed to differences in cell 

membrane permeability and cell wall 

structure. The reduced microbial activity and 

efficacy of V. officinalis might be attributed 

to factors such as the potential inactivation of 

active components during extraction 

processes, or variations in the concentration 

levels of active ingredients due to 

geographical location and cultivation 

methods. This study stands out as the first 

report on the antimicrobial properties of V. 

officinalis species. The MIC of V. officinalis 

extract against Staphylococcus aureus and 

Streptococcus mutans is 212.5, while for 

Enterococcus faecalis, it is 425. This suggests  
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Figure 1. This image showcases Veronica officinalis in its natural habitat. 

 

 
Figure 2. Summary of Properties and Uses of Veronica officinalis. 

 

that the extract is effective in inhibiting the 

growth of these bacteria, with a lower 

concentration needed for S. aureus and S. 

mutans compared to E. faecalis (16). 
 

Anti-fungal 

Fungal infections present a diverse array of 

challenges to human health, spanning from 

minor skin conditions to life-threatening 

systemic illnesses. The extent and impact of 

these infections are influenced by both the 

specific type of fungus involved and the 

strength of the patient's immune system. 

Despite notable advancements in the 

development of new and effective 

medications, the persistence of drug 

resistance and other obstacles continue to 

pose significant challenges in treatment 

protocols. Consequently, there has been 

ongoing exploration into the potential of 
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different herbal compounds for the 

management of fungal infections(17,18). 

In the research conducted by Nazlić and 

colleagues, free volatile compounds (FVCs) 

were isolated from the aqueous fractions 

(hydrosols) of 10 Croatian Veronica spp. 

obtained by hydrodistillation and microwave-

assisted extraction. They highlighted that 

benzaldehyde stands out as the simplest and 

most widely utilized aromatic compound 

known for its antifungal properties(19). 

 

Anti neoplasm 

Cancer is characterized by the unrestricted 

proliferation of cells, leading to the formation 

of tumors within the body(20,21). Cancer is a 

serious and potentially life-threatening 

condition. While various drugs and treatment 

methods are utilized to address it, there can be 

risks associated with these treatments. When 

conventional approaches fail to yield desired 

results, individuals may explore alternative 

methods. There's been an increasing interest 

in natural remedies, with some compounds 

derived from plants showing promise in 

combating tumors. Examples include 

vincristine, vinblastine, paclitaxel, and 

epipodophyllotoxins, all sourced from plant 

extracts and known for their anti-tumor 

properties(22,23). 

In the study by Tüzün et al., it was found that 

Cyclododecane and 2,6-Dimethyl-3-

(methoxymethyl)-pbenzoquinone, which 

were identified in the methanol extract of V. 

officinalis, exhibit significant activity against 

proteins associated with lung cancer. These 

compounds showed greater efficacy 

compared to other molecules investigated in 

the study. This suggests that these specific 

compounds could be valuable in targeting 

lung cancer proteins for therapeutic 

interventions (24). In this study, the Maestro 

Molecular modeling platform by Schrödinger 

(25,26) was utilized for conducting 

calculations. Various modules, including 

protein preparation (27,28), LigPrep (29,30), 

and Glide ligand docking (31,32), were 

applied in the molecular docking 

calculations. The OPLS4 method was 

employed for all calculations, providing a 

comprehensive approach to explore potential 

interactions between the investigated 

molecules and antioxidant proteins (33). 

In the study conducted by Vrca et al., it was 

noted that while the essential oil (EO) of V. 

officinalis exhibited no antiproliferative 

activity at the tested time points (4, 24, 48, 

and 72 hours), the hydrosol (HY) of V. 

officinalis demonstrated significant 

antiproliferative effects on MDA-MB-231 

and T24 cancer cell lines. Specifically, the V. 

officinalis HY showed notable 

antiproliferative activity on MDA-MB-231 

cells after 48 and 72 hours, with IC50 values 

of 34.28% and 25.44%, respectively. 

Moreover, after 24, 48, and 72 hours, it 

displayed antiproliferative effects on the T24 

cancer cell line with IC50 values of 21.83%, 

13.41%, and 15.22%, respectively. These 

findings suggest the potential of V. officinalis 

HY as an effective agent against cancer cell 

proliferation. The hydrosol (HY) derived 

from V. officinalis exhibited apoptotic effects 

on the T24 cancer cell line, resulting in early 

apoptosis rates of 5.41 ± 0.83% and late 

apoptosis rates of 0.95 ± 0.22%. Microwave-

assisted extraction (MAE) was utilized to 

extract volatiles in this study, offering a more 

efficient alternative to traditional hydro-

distillation methods. The shortcomings of 

hydrodistillation, including high 

temperatures and prolonged extraction 

durations leading to compound 

decomposition, were addressed by employing 

MAE. Unlike microwave distillation, which 

occasionally isolates only a few components, 

MAE emerged as a superior technique due to 

its speed, ease of operation, and 

environmental friendliness. Moreover, MAE 

requires less energy compared to 

conventional extraction methods, facilitating 

the extraction of bioactive components 

effectively (34). The article by Batjargal, 

focuses on evaluating the anti-cancer 

pharmacological effects of Gurgem-7, a 

traditional Mongolian prescription(35). 

 

Antioxidant 

In aerobic cells, various redox processes 

generate oxidants and radicals that are 
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exceptionally reactive and harmful to healthy 

cells. These substances have the potential to 

induce damage to the structure of DNA and 

proteins if left unchecked. To mitigate these 

detrimental effects, the body relies on 

antioxidants, which effectively neutralize free 

radicals and detoxify the system. Plant-based 

sources, along with products derived from 

them, encompass a diverse range of 

phytochemicals, including antioxidants. 

These compounds are thought to play a 

crucial role in reducing the risk of oxidative 

stress-related diseases by counteracting the 

harmful effects of oxidants and free 

radicals(35,36). 

In the study conducted by Nazlić et al., the 

antioxidant activity of volatile compounds 

extracted from hydrosols was assessed using 

two methods: Oxygen Radical Absorbance 

Capacity (ORAC) and 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging 

assay. Both Clevenger and microwave-

assisted hydrodistillation techniques were 

employed to extract the hydrosols, and the 

antioxidant activity was evaluated 

accordingly. Notably, V. officinalis exhibited 

the highest antioxidant activity in terms of 

ORAC values for both extraction methods, 

with values of 217.54 ± 14.98 µmol TE/mL 

for Clevenger extraction and 359.9 ± 44.40 

µmol TE/mL for microwave extraction(19). 

Results for the DPPH antioxidant activity 

method also showed that V. officinalis 

hydrosol has the highest activity, for both 

extraction methods. Besides this species, 

higher antioxidant activity showed V. 

acinifolia, V. arvensis, and V. cymbalaria for 

Clevenger-extracted hydrosols. In 

microwave-assisted extracted hydrosols, V. 

cymbalaria showed higher activity than other 

tested species, alongside V. officinalis. V. 

officinalis showed the highest antioxidant 

activities in both methods with an IC50 of 

4.43 ± 2.44 (for Clevenger) and 3.70 ± 1.35 

(for microwave-assisted extraction) mg/ml, 

respectively. V. officinalis is known that this 

species has been used in folk medicine for a 

long time and many studies support its 

biological activity.  This activity could be due 

to the relatively high content of phenolic 

compounds and the group of acids, esters, and 

alcohols (19).  

 

Anti-inflammatory 

Inflammation is the body's natural response to 

harmful stimuli, serving as a protective 

mechanism and signaling the initiation of the 

healing process. The term "anti-inflammatory" 

refers to substances or treatments capable of 

reducing inflammation(37). 

In Nazlić et al.'s research, the compound 2-

methoxy-4-vinylphenol was detected solely in 

the hydrosols of V. officinalis, regardless of the 

extraction method employed, with a consistent 

concentration of 11.12%. This phenolic 

element is noted for its varied biological 

attributes, with special attention drawn to its 

anti-inflammatory and analgesic qualities, 

particularly significant from a pharmacological 

viewpoint (19). In the composition of hydrosols 

from microwave-assisted extraction (MAE), 

caryophyllene oxide was detected in all isolates 

from MAE, in addition to the already 

mentioned β-ionone, which also dominates in 

the isolates from hydrodistillation. Preliminary 

pharmacological studies have shown that 

caryophyllene oxide administered 

intraperitoneally has analgesic and anti-

inflammatory effects (19). 

 

Chemical Composition of Essential Oil and 

Hydrosols of V. officinalis 

In the research conducted by Vrca et al., it 

was observed that in the essential oil (EO) of 

V. officinalis, heptacosane emerged as the 

most prevalent compound, constituting 

17.21% of the composition. Additionally, 

phytol and hexadecanoic acid were notably 

present in the EO composition. In contrast, in 

the hydrosols (HY) of V. officinalis, methyl 

eugenol was identified as the predominant 

compound, comprising 22.01% of the 

composition. Following methyl eugenol, (E)-

β-damascenone and β-ionone were also 

prominent, with an identification percentage 

exceeding 14%(34). 

In the study by Nazlić et al., the research 

found that V. officinalis hydrosols obtained 

through hydrodistillation contain the highest 

percentage (13.78%) of β-ionone among the 
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identified volatile compounds. Additionally, 

in hydrosols obtained through microwave-

assisted extraction (MAE), β-ionone 

(17.78%), caryophyllene oxide (15.91%), and 

(E)-β-damascenone (11.34%) were identified 

as dominant compounds in the composition 

of V. officinalis. Moreover, the phenolic 

compound 2-methoxy-4-vinylphenol was 

exclusively isolated in V. officinalis for both 

extraction methods, with a consistent 

percentage of 11.12% (19). 

 
Other 

In Nazlić et al.'s research, it was observed that 

polyphenols, natural compounds present in 

plants, serve to safeguard the plant from 

ultraviolet radiation and pathogenic threats. 

These polyphenols are recognized for their 

potent antioxidant capabilities and their 

potential to combat neurodegenerative 

diseases and cancer, making them a common 

inclusion in the diet (38, 39). 

Conclusion 

The extensive body of research presented 

underscores the multifaceted therapeutic 

potential of V. officinalis, a plant deeply 

rooted in traditional medicine practices across 

various cultures. Studies have revealed its 

diverse pharmacological properties, ranging 

from antioxidant and antimicrobial to anti-

neoplastic and anti-inflammatory effects. 

Notably, V. officinalis extracts have 

demonstrated significant antibacterial 

activity against a spectrum of Gram-positive 

pathogens, shedding light on its potential as a 

natural source for novel antibiotic agents. 

Moreover, its efficacy against fungal 

infections and cancer cell proliferation further 

highlights its versatility in addressing 

complex health challenges. 

The antioxidant prowess of V. officinalis, as 

evidenced by its high ORAC values, 

underscores its utility in mitigating oxidative 

stress-related diseases. Additionally, its anti-

inflammatory attributes, particularly 

attributed to compounds like 2-methoxy-4-

vinylphenol, position it as a promising 

candidate for managing inflammatory 

conditions. The chemical composition 

analysis of V. officinalis essential oil and 

hydrosols provides valuable insights into its 

bioactive constituents, further elucidating its 

pharmacological mechanisms. 

In conclusion, the comprehensive exploration 

of V. officinalis reaffirms its status as a 

botanical powerhouse with profound 

implications for human health. By harnessing 

its medicinal properties, we stand to unlock 

novel therapeutic avenues and address 

pressing public health concerns, thereby 

paving the way for enhanced healthcare 

practices grounded in nature's bounty. 

Acknowledgments 

We express our gratitude to Mazandaran 

University of Medical Sciences for their 

valuable contribution to this study. 

Conflicts of interest 

The authors declare no conflict of interest. 

Authors' contributions 

All authors were involved in the drafting of 

the manuscript and revising it critically for 

intellectual content, approved the final 

version for submission, and agreed to be 

accountable for all aspects of the work. 

Funding 

This research received no external funding. 

References 

1.Nazlić M, Fredotović Ž, Vuko E, Fabijanić 

L, Kremer D, Stabentheiner E, Ruščić M, 

Dunkić V. Wild Species Veronica officinalis 

L. and Veronica saturejoides Vis. ssp. 

saturejoides—Biological Potential of Free 

Volatiles. Horticulturae. 2021;7(9):295. 

2. Li G, Zhang J, Cui H, Feng Z, Gao Y, Wang 

Y, Chen J, Xu Y, Niu D, Yin J. Research 

Progress on the Effect and Mechanism of Tea 

Products with Different Fermentation Degrees 

in Regulating Type 2 Diabetes Mellitus. 

Foods. 2024 Jan 10;13(2):221. 

3. Sharifi Rad M, Tayeboon GS, Sharifi Rad J, 



Ethnopharmacology, Phytochemistry, and Pharmacology of the Veronica officinalis     ׀    Ebrahimzadeh et al. 

 

41  Tabari Bio Stu Res J - Volume 6 - Issue 1 
 

Iriti M, Varoni EM, Razazi S. Inhibitory 

activity on type 2 diabetes and hypertension 

key-enzymes, and antioxidant capacity of 

Veronica persica phenolic-rich extracts. Cell 

Mol Biol. 2016;62(6):80-5.  

4. Nazlić M, Kremer D, Ruščić M, Fredotović 

Ž, Dunkić V. Green extracting as a 

contribution to sustainability: the case of 

Veronica officinalis L. InIUBMB–FEBS–

PABMB Congress. 2022. 

5. Mocan A, Vodnar DC, Vlase L, Crișan O, 

Gheldiu AM, Crișan G. Phytochemical 

characterization of Veronica officinalis L., V. 

teucrium L. and V. orchidea Crantz from 

Romania and their antioxidant and 

antimicrobial properties. Int J Mol Sci. 

2015;16(9):21109-27. 

6. Valyova M, Hadjimitova V, Stoyanov S, 

Ganeva Y, Petkov I. Free radical scavenging 

activity of extracts from Bulgarian Veronica 

officinalis L. and GC-MS analysis of ethanol 

extract. Internet J. Aesthetic Antiaging Med. 

2008;2:2-6. 

7. Dunkic V, Kosalec I, Joze Kosir I, Potocnik 

T, Cerenak A, Zovko Koncic M, Vitali D, 

Dragojevic Muller I, Kopricanec M, Bezic N, 

Srecec S. Antioxidant and antimicrobial 

properties of Veronica thymoides subsp. 

pseudocinerea. 2015;16(14):1660-70. 

8. Ertas A, Boga M, Kizil M, Ceken B, Goren 

AC, Hasimi N, Demirci S, Topcu G, Kolak U. 

Chemical profile and biological activities of 

Veronica thymoides subsp. pseudocinerea. 

Pharmaceutical biology. 2015;53(3):334-9. 

9. Kwak JH, Kim HJ, Lee KH, Kang SC, Zee 

OP. Antioxidative iridoid glycosides and 

phenolic compounds from Veronica peregrina. 

Arch Pharm Res.2009;32:207-13. 

10. Sharma A, Flores-Vallejo RdC, Cardoso-

Taketa A, Villarreal ML.Antibacterial 

activities of medicinal plantsused in Mexican 

traditional medicine.Journal of Ethno-

pharmacology.2017;208:264-329. 

11. Ríos JL, Recio MC. Medicinal plants and 

antimicrobial activity. Journal of 

Ethnopharmacology. 2005;100(1-2):80-4. 

12. Nazlić M, Dunkić V, Dželalija M, Maravić 

A, Mandić M, Srečec S, Vrca I, Vuko E, 

Kremer D. Evaluation of Antiphytoviral and 

Antibacterial Activity of Essential Oil and 

Hydrosol Extracts from Five Veronica 

Species. Agriculture. 2023;13(8):1517. 

13. Hassan, A.; Ullah, H.; Bonomo, M.G. 

Antibacterial and Antifungal Activities of the 

Medicinal Plant Veronica biloba. J Chem. 

2019; 2019(1): 5264943. 

14. Li, X.Z.; Nikaido, H. Efflux-Mediated 

Drug Resistance in Bacteria: An Update. 

Drugs.2009; 69: 1555–623. 

15. Lambert, P.A. Cellular Impermeability and 

Uptake of Biocides and Antibiotics in Gram-

Positive Bacteria and Mycobacteria. J Appl 

Microbiol. 2002; 92(s1):46S-54S. 

16. Rajakumar S, Revanth MP, Kasi A, Sujitha 

P. Evaluating the antibacterial efficacy and 

minimal bactericidal concentration (MBC) of 

three different herbal extracts on recalcitrant 

endodontic pathogens-An in vitro study. 

Journal of International Oral Health. 2022; 

14(3):266-72. 

17. Kusum K, Shweta A. The Role of herbal 

antifungal agents for the management of 

fungal disease: a systematic review. Asian J 

Pharm Clin Res. 2019;12(7):34-40. 

18. Eghbali M, Arab A, Hosseinzadeh MH, 

Bodaghabadi F, Ebrahimzadeh MA. A 

Review of Antifungal Activities of Ziziphora 

clinopodioides. Tabari Biomed Stu Res J. 

2022;4(3):16-27. 

19. Nazlić M, Akrap K, Kremer D, Dunkić V. 

Hydrosols of Veronica Species—Natural 

Source of Free Volatile Compounds with 

Potential Pharmacological Interest. Pharma-

ceuticals. 2022;15(11):1378. 

20. Majumdar D, Tüzün B, Pal TK, Saini RV, 

Bankura K, Mishra D. Structurally diverse 

heterobimetallic Pb (II)-Salen complexes 

mechanistic notion of cytotoxic activity 

against neuroblastoma cancer cell: Synthesis, 

characterization, protein–ligand interaction 

profiler, and intuitions from DFT. Polyhedron. 

2021;210:115504. 

21. Tüzün B. Investigation of pyrazoly 

derivatives schiff base ligands and their metal 

complexes used as anti-cancer drug. 

Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. 2020;227:117663. 

22. Sengupta P, Raman S, Chowdhury R, 

Lohitesh K, Saini H, Mukherjee S, Paul A. 

Evaluation of apoptosis and autophagy 



Ethnopharmacology, Phytochemistry, and Pharmacology of the Veronica officinalis     ׀    Ebrahimzadeh et al. 

42   Tabari Bio Stu Res J - Volume 6 - Issue 1 

inducing potential of Berberis aristata, 

Azadirachta indica, and their synergistic 

combinations in parental and resistant human 

osteosarcoma cells. Frontiers in oncology. 

2017;7:296. 

23. Birjandian E, Motamed N, Yassa N. Crude 

Methanol Extract of Echinophora Platyloba 

Induces Apoptosis and Cell Cycle Arrest at S-

Phase in Human Breast Cancer Cells. Iran J 

Pharm Res. 2018;17(1):307-16.  

24. Tüzün B, Uçar E, Eruygur N. Lung Cancer 

Properties of Veronica officinalis L. In4th 

International Conference on Engineering and 

Applied Natural Sciences. 2023 :20-1. 

25. Parihar A, Zafar T, Khandia R, Parihar DS, 

Dhote R, Mishra Y. In silico analysis for the 

repurposing of broad-spectrum antiviral drugs 

against multiple targets from SARS-CoV-2: A 

molecular docking and ADMET approach. 

26. Al Ati G, Chkirate K, El-Guourrami O, 

Chakchak H, Tüzün B, Mague JT, Benzeid H, 

Achour R, Essassi EM. Schiff base 

compounds constructed from pyrazole–

acetamide: Synthesis, spectroscopic 

characterization, crystal structure, DFT, 

molecular docking and antioxidant activity. 

Journal of Molecular Structure. 2024;1295: 

136637. 

27. Arman M, Alam S, Maruf RA, Shams Z, 

Islam MN. Molecular modeling of some 

commercially available antiviral drugs and 

their derivatives against SARS-CoV-2 

infection. Narra J. 2024 Apr;4(1.) 

28. Zahirović A, Tüzün B, Hadžalić S, 

Osmanković I, Roca S, Begić S, Fočak M. 

Moderate DNA and high SARS-CoV-2 spike 

protein affinity of oxidovanadium (IV) 

complexes of 2-furoic acid hydrazones: In 

silico and in vitro approach. Journal of 

molecular structure. 2023;1294:136564. 

29. Mushebenge AG, Ugbaja SC, Mbatha NA, 

B. Khan R, Kumalo HM. Assessing the 

potential contribution of in silico studies in 

discovering drug candidates that interact with 

various SARS-CoV-2 receptors. International 

Journal of Molecular Sciences. 2023 Oct 

24;24(21):15518. 

30. Yuriy K, Kusdemir G, Volodymyr P, 

Tüzün B, Taslimi P, Karatas OF, Anastasia K, 

Maryna P, Sayın K. A biochemistry‐oriented 

drug design: synthesis, anticancer activity, 

enzymes inhibition, molecular docking studies 

of novel 1, 2, 4-triazole derivatives. Journal of 

Biomolecular Structure and Dynamics. 

2024;42(3):1220-36. 

31. Kanzouai Y, Chalkha M, Hadni H, 

Laghmari M, Bouzammit R, Nakkabi A, et.al. 

Design, synthesis, in-vitro and in-silico studies 

of chromone‐isoxazoline conjugates as anti‐
bacterial agents. Journal of Molecular 

Structure. 2023;1293:136205. 

32. Aksu A, Çetinkaya S, Yenidünya AF, 

Çetinus ŞA, Gezegen H, Tüzün B. 

Immobilization of pectinase on chitosan-

alginate-clay composite beads: Experimental, 

DFT and molecular docking studies. Journal 

of Molecular Liquids. 2023;390:122947. 

33. Bensalah J, Ouaddari H, Erdoğan Ş, Tüzün 

B, Gaafar AR, Nafidi HA, Bourhia M, 

Habsaoui A. Cationic resin polymer A® IRC-

50 as an effective adsorbent for the removal of 

Cr (III), Cu (II), and Ag (I) from aqueous 

solutions: A kinetic, mathematical, 

thermodynamic and modeling study. 

Inorganic Chemistry Communications. 2023; 

157:111272. 

34. Vrca I, Čikeš Čulić V, Lozić M, Dunkić N, 

Kremer D, Ruščić M, et al. Isolation of Volatile 

Compounds by Microwave-Assisted 

Extraction from Six Veronica Species and 

Testing of Their Antiproliferative and 

Apoptotic Activities. Plants. 2023;12(18):3244. 

35. Hosseinzadeh MH, Ebrahimzadeh MA. 

Antioxidant Potential of Ziziphora 

Clinopodioides Lam: A Narrative Review. 

Tabari Biomed Stu Res J.2020;2(2):1-7. 

36. Bodaghabadi F, Ebrahimzadeh MA, 

Hosseinzadeh MH. Astrodaucus persicus 

(Boiss.) Drude: A Mini-Review on 

Phytochemistry and Pharmacological 

Effects. Tabari Biomed Stu Res J. 2021; 

3(3):45-50. 

37. Yesmin S, Paul A, Naz T, Rahman AA, 

Akhter SF, Wahed MI, Emran TB, Siddiqui 

SA. Membrane stabilization as a mechanism 

of the anti-inflammatory activity of ethanolic 

root extract of Choi (Piper chaba). Clin 

Phytosci. 2020;6:1. 

38. Nazlić M, Fredotović Ž, Vuko E, Vuletić 

N, Ljubenkov I, Kremer D, Jurišić Grubešić R, 



Ethnopharmacology, Phytochemistry, and Pharmacology of the Veronica officinalis     ׀    Ebrahimzadeh et al. 

 

43  Tabari Bio Stu Res J - Volume 6 - Issue 1 
 

Stabentheiner E, Randić M, Dunkić V. Free 

volatile compounds of Veronica austriaca ssp. 

jacquinii (Baumg.) Eb. Fisch. and their 

biological activity. Plants. 2021;10(11):2529. 

39. Batjargal A, Solek P, Kukula-Koch W, 

Urjin B, Koch W, Koman D, Dudzinska E. 

Gurgem-7 toxicity assessment: Regulation of 

cell survival or death by traditional Mongolian 

prescription. Ecotoxicology and Environ-

mental Safety. 2022;239:113660. 
 


