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 ABSTRACT 
 

Background and Aims: Quercetin is a plant-derived flavonoid with diverse biological and pharmacological properties, 
including antioxidant, anti-inflammatory, anticancer, antibacterial, antifungal, and antiviral activities. Flavonoid compounds 
such as quercetin have demonstrated therapeutic potential against several cancer types, including liver, colorectal, and 
breast cancers. This study aimed to evaluate the anticancer, antibacterial, and antifungal activities of thiourea derivative of 
quercetin. 

Materials and Methods: The biological activities of the quercetin thiourea derivative were assessed against selected 
bacterial and fungal strains, as well as liver cancer cells. The minimum inhibitory concentration (MIC) was determined using 
the agar well diffusion method. Anticancer activity against liver cancer cells was evaluated using the MTT assay. 

Results: The quercetin thiourea derivative exhibited antibacterial activity against Bacillus cereus (MW972221.1), 
Burkholderia spp., Staphylococcus aureus, and Enterococcus faecalis, with MIC values of 1, 15, 10, and 0.8 mg/mL, 
respectively. It also demonstrated antifungal activity against Candida species, with MICs of 5 mg/mL for C. krusei and C. 
tropicalis, 1 mg/mL for C. albicans, and 30 mg/mL for C. glabrata. The compound showed cytotoxic effects on liver cancer 
cells, with IC₅₀ values of 300, 224, and 31.5 μg/mL at 24, 48, and 72 hours, respectively. 

Conclusion: The quercetin thiourea derivative represents a biologically active compound with promising antibacterial, 
antifungal, and anticancer properties. Its inhibitory effect on liver carcinoma cell growth is likely mediated through apoptosis 
induction. These findings suggest that the quercetin thiourea derivative could serve as a potential lead compound for 
antimicrobial and anticancer drug development, warranting further investigation. 
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1. Introduction 

lavonoids that consist of widespread 
classes of phytochemicals possess significant 
medicinal properties, like anti-aging (1), 
antioxidative (2) and anti-inflammatory 

properties (3, 4). The 3,3′,4′,5,7-pentahydroxyflavone, 

called quercetin, is a polyphenolic flavonoid, which is 
extensively available in citrus fruits, green leafy 
vegetables, apples, red grapes, and onions. It is yellow 
in color, and its name is originated from the Latin word 
"quercetum". Although quercetin is easily soluble in 
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lipids and alcohols, it is sparingly soluble in hot water 
(5). Additionally, it has antiviral (6, 7), anti-
inflammatory (8, 9), antitumor (10-12) and antiplatelet 
aggregation (3, 13) properties. Quercetin has shown 
efficiency against a variety of bacterial diseases due to 
its capacity to damage bacterial membranes, inhibit 
efflux pumps, and disrupt vital cellular functions (14). 
Mehrbod et al (15) focused on viral pathogenesis and 
utilization of quercetin and its derivatives as 
adjunctive therapy for managing influenza and its 
associated symptoms based on specific targets. 

Aires et al (16) and da Silva et al (17) reported that 
flavonols represent the most biologically active class 
of flavonoids. These compounds exhibit a broad 
spectrum of biological activities, including 
cardiovascular protective effects, making them one of 
the most valuable classes of natural chemicals. To 
enable their effective application in drug 
development, the mechanisms underlying their 
antibacterial actions have been extensively 
investigated in recent years. Studies on 
pharmacological properties of quercetin have 
demonstrated it as potent natural antibacterial agent 
capable of inhibiting a wide range of pathogenic 
microorganisms (18). 

Candida species have been one of the most causes 
of morbidity and mortality worldwide and pose a 
major risk to the health, particularly for individuals 
with weakened immune systems (19). Although 
additional species (non-albicans) such Candida (C.) 
tropicalis, C. krusei, C. parapsilosis and C. glabrata 
emerge as opportunistic pathogens, which cause 
increase in death rates in bloodstream infections, C. 
albicans is thought to be the primary source of 
infections (20). 

Cancer is considered as one of the major causes of 
death all over the world. The number of deaths from 
various cancers and the number of new patients with 
various cancers rise annually. Therefore, to monitor 
the growth of cancer, improve the clinical 
manifestations, and effectively treat this condition, 
new and effective therapeutics must be developed 
(21). Malignant cancer cells in the breast, lung, 
stomach, ovaries, colon, and liver were remarkably 
inhibited by quercetin (22). Its anticancer properties is 
applied through several methods, including 
angiogenesis inhibition, cell death, P-gp channel 
blocking, signaling pathway regulation, and oncogene 
expression reduction (23). Its use as an efficient 
antibacterial agent is hampered by its limited oral 
bioavailability and absorption in the human body. To 
fully utilize its medicinal potential, more effort is 
needed to increase its bioavailability (24). 
 

2. Materials and Methods 

2.1 Quercetin Thiourea Derivative  

This quercetin thiourea derivative compound was a 
gift from Assistant Professor Asmaa Sami Madhi, 
College of Veterinary Medicine, University of Basrah – 
Iraq. It was previously synthesized by Shaker et al (25). 
The synthesis and structure of the compound was 
illustrated in Figure 1. 

2.2 Antibacterial Activity of Quercetin Thiourea 

Different concentrations of quercetin thiourea (100, 
70, 50 and 30 mg/mL) were used to test its biological 
activity (26). Agar well diffusion method was 
conducted to determine the antibacterial 
susceptibility (27-31). The well that contained DMSO 
was used as control. 

 

 

Figure 1. Synthesis and structure of quercetin thiourea derivative (Prepared by Authors, 2025). 
 

2.3 Minimum Inhibitory Concentration of Quercetin 
Thiourea 

The susceptibility of four bacterial strains to the 
synthesized compound was examined using various 
concentrations of the compound (20, 15, 10, 5, 2, 1, 

0.8 and 0.5 mg/ml). Well diffusion method was 
applied to calculate minimum inhibitory 
concentration (MIC) of the compound for each 
bacterium (27-29). The compound was dissolved in 
DMSO at several concentrations. The agar plate was 4 
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mm depth and 6 mm well diameter. The concentration 
of 0.5 McFarland (corresponding to approximately 5 × 
10⁵ CFU/mL for broth microdilution tests (CLSI M07-
A10) was applied to the bacteria-containing 
suspension (30-32). 

2.4 Antibacterial Activity of Quercetin Thiourea 

The compound primary susceptibility test toward 
clinical fungal isolates, C. albicans, was conducted 
under various conditions. C. albicans was incubated 
for 24-48 hr. The Sabouraud dextrose agar (SDA) 
plates for fungi were filled with 100 μL of the yeast 
solution, which were distributed using an L-shaped 
glass spreader. After allowing the plates to dry for 15 
min at room temperature, sterile wells (6 mm 
diameter) were punched. Each concentration (100, 70, 
50, 30, 20, 15, 10, 5, 2, 1, 0.8, 0.5 mg/mL) was added 
in 100 μL to each hole and incubated for 24-48 hr. 
DMSO was used as control. In order to measure the 
inhibitory effect, inhibition zone diameters were 
measured in millimeter (33-35). 

2.5 Anticancer Activity of Quercetin Thiourea 
Against Liver Cancer Cell 

Hepatocellular carcinoma (HCC) cells were grown in 
Dulbecco's Modified Eagle Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS). 
Anticancer activity of the compound was tested using 
MTT assay. The cells were seeded in 96-well plates 
(1*104 cells/well). The compound different 
concentrations (7.5, 15, 31, 62.5, 125, 250, 500, 1000 
mg/mL) dissolved in DMSO were added to the cells 
(100 µL/well) in triplicate and incubated for 24, 48 and 
72 hr at 37°C 5% CO2 incubator. Viability of the cells 
was measured using ELISA reader (EPOCH/ BioTek 
Instruments-USA) at 570 nm for the absorbance 
measurement. The cells not exposed to the compound 
were used as control (36-38). This test was performed 
at the Central Laboratory, Mashhad University of 
Medical Sciences. 

2.6 Statistical Analysis 

The data presented as mean±SD were analyzed by 
SPSS software (version 26). Chi-square test was 
performed to assess the correlation between data, 
with the level of significance set at 5%. 
 

3. Results 

3.1 Antibacterial Activity Results 

The antibacterial activity of the compound was 
examined against Gram-positive bacteria; 
Staphylococcus aureus, Burkholderia, Enterococcus 
faecalis, and Bacillus cereus and Gram-negative bacteria; 
Klebseilla and Escherichia coli (mentioned in Table 1) at 
different concentrations.  Inhibition zones are shown in 
Figure 2. No inhibition zone was observed in the control. 

3.2 The MIC Results Against Bacterial Isolates 

According to Table 1 and Figure 3, the compound MIC 
for Escherichia coli and Klebsiella was No inhibition, while 
MICs for Bacillus cereus, Burkholderia, Staphylococcus 
aureus, and Enterococcus faecalis were 1, 15, 10, and 0.8 
mg/mL, respectively. There were highly significant 
differences (P<0.001). There was no inhibition zone in 
the control. 

3.3 Antifungal Activity Results 

The quercetin thiourea showed clear effect on several 
types of Candida, such as C. krusei, C. glabrata, C. 
tropicalis and C. albicans. The antifungal activity of the 
compound was revealed at concentration of 10 mg/mL, 
while the MICs against Candida spp. were 2 and 4 mg/mL, 
respectively (Table 2). Inhibition zones are shown in 
Figure 4. There were significant differences between 
Candida spp (C. krusei, C. glabrata, C. tropicalis and C. 
albicans) and control. P-value<0.001 was obtained for all 
Candida spp. except C. glabrata (P=0.044). 

3.4 MIC of Quercetin Thiourea Against Fungal 
Isolates 

The compound MIC was obtained 5 mg/mL for both C. 
krusei and C. tropicalis, but it was 30 and 1 mg/mL for C. 
glabrata and C. albicans, as shown in Table 2 and Figure 
5. 

3.5 Anticancer Activity of Quercetin Thiourea 
Derivative against Liver Cancer Cells 

The compound effectiveness on inhibiting liver cancer 
cell growth was evaluated using different concentrations 
(7.5, 15, 31, 62.5, 125, 250, 500, 1000 mg/mL) at 570 nm 
at 24, 48 and 72 hr as shown in MTT cell viability assay. 
Results are shown in Figures 6, 7, and 8.
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Table 1. Antibacterial activity results of quercetin thiourea derivative. 

Conc. 
mg/ml 

Bacteria/ inhibition zone (mm) 
(mean ±SD) 

Bacillus  cereus Burkholderia Staphylococcus 
aureus 

Enterococcus 
faecalis Echerichia coli Klebsiella 

100 16.5±0.7 24.0±0.0 14.5±0.7 24.5±0.7 No inhibition No inhibition 

70 14.4±0.7 21.0±1.4 12.0±1.4 24.0±1.4 No inhibition No inhibition 

50 16.5±0.7 21.0±1.4 12.0±1.4 21.0±1.4 No inhibition No inhibition 

30 12.0±1.4 16.0±1.4 6.5±0.7 19.5±0.7 No inhibition No inhibition 

20 8.0±0.0 11.5±0.7 4.0±1.4 15.0±0.0 No inhibition No inhibition 

15 7.5±0.7 9.5±0.7 4.0±0.0 14.0±1.4 No inhibition No inhibition 

10 7.0±0.0 No inhibition 2.5±0.7 13.5±0.7 No inhibition No inhibition 

5 7.0±0.0 No inhibition No inhibition 12.5±0.7 No inhibition No inhibition 

2 5.5±0.7 No inhibition No inhibition 12.0±1.4 No inhibition No inhibition 

1 4.0±1.4 No inhibition No inhibition 11.5±0.7 No inhibition No inhibition 

0.8 No inhibition No inhibition No inhibition 4.0±1.4 No inhibition No inhibition 

0.5 No inhibition No inhibition No inhibition No inhibition No inhibition No inhibition 

 

Table 2. Antifungal activity of quercetin thiourea derivative. 

Conc. mg/ml 

Bacteria/ inhibition zone (mm) 
(mean ±SD) 

C. albicans Control 

100      23.0±1.4 No inhibition 

70     22.5±0.7 No inhibition 

50     22.0±0.0 No inhibition 

30    21.0±1,4 No inhibition 

20    21.0±1.4 No inhibition 

15    15.5±0.7 No inhibition 

10     11.5±0.7 No inhibition 

5     10.0±0.0 No inhibition 

2        4.0±0.0 No inhibition 

1        3.0±0.0 No inhibition 

0.8 No inhibition No inhibition 

0.5 No inhibition No inhibition 
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Figure 2. Inhibition zones of antibacterial activity of quercetin derivative (Prepared by Authors, 2025). 
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Enterococcus faecalis 

 

 

 

Burkholderia cepacia 

 

Figure 3. The antibacterial and MICs of quercetin compound in different concentrations (100, 70, 50, 30 mg/mL) on bacterial 
isolates (Prepared by Authors, 2025). 
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C. krusei    

 

C. tropicalis 

Figure 4. Inhibition zones of antifungal activity of quercetin thiourea derivative (Prepared by Authors, 2025). 
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C. glabrata 

 

C. krusei 

 

 

 

Figure 5. MIC of quercetin thiourea derivative against Candida spp. (Prepared by Authors, 2025). 

 

 

 

Figure 6. Cell viability of MTT assay at different time points (Prepared by Authors, 2025). 
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Figure 7. IC50 values (Prepared by Authors, 2025). 
 

 

A 

 

B 

 

Figure 8. Effect of quercetin on HCC cells. A) Untreated, B) Treated with quercetin (Prepared by Authors, 2025). 
 

4. Discussion 
Quercetin, a pentahydroxyflavone, is one of the 

most significant flavonoid that is present in several 
foods. It has widespread biological activities such as 
anti-cancer, anti-inflammatory, antioxidant, anti-
microbial, cardiovascular disease prevention, anti-
diabetic, neuroprotective, and anti-obesity properties 
(39).  

The rise in microbial cause diseases and increases in 
the rate of resistant germs have encouraged scientists 
to focus on developing novel antimicrobial 
medications (40). 

In this study, the quercetin thiourea derivative was 
used against bacterial strains. Its effects was shown on 
Gram-positive bacteria such as Staphylococcus aureus, 
Enterococcus faecalis, Burkholderia, and Bacillus 
cereus. No effect was observed on Gram negative 
bacteria like Escherichia coli and Klebsiella. The 

interactions and good solubility of quercetin with the 
cell membrane of bacteria that are performed by 
quercetin hydroxyl groups might be associated with its 
antibacterial properties. 

Gram-negative bacteria compared to Gram-positive 
bacteria are generally resistant to quercetin 
bactericidal actions (18, 40, 41). The efficiency of this 
compound may be altered by phosphorylation and 
sulfating at different hydroxyl groups, which could 
alter its solubility (5, 42). Quercetin can inhibit β-
ketoacyl carrier protein synthases, which were 
involved in the bacterial fatty acids production. The 
removal of biofilm has been suggested as an 
additional possible course of action (23). The MIC of 
quercetin thiourea derivative on bacteria in this study, 
which inhibited bacterial growth approximately 
showed the lowest concentration among flavonoids.  
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Flavonoids have also shown antifungal activities 
(18). The quercetin derivative in this study also 
exhibited notable antifungal activity against Candida 
spp. such as C. albicans, C. glabrata, C. krusei and C. 
tropicalis. Quercetin reduced the biomass and 
metabolic efficacy of every tested fungus strain (23). 
We expect that antifungal mechanism refer to the 
suppression of fungal cell walls production, damage 
into the integrity of fungal cell membranes and 
interference with fungal and cell signaling pathways. 
The antifungal properties of quercetin thiourea 
indicate that it may be useful treatment for candidiasis 
(43).  

This study demonstrated that quercetin thiourea 
derivative makes excellent activities against bacteria 
and fungi and it is an outstanding option for the 
creation of strong antibacterial and antifungal drugs. 

Other studies showed a direct comparison between 
quercetin and other derivatives of the flavonoid family 
(naringenin and catechin), where quercetin was found 
to have the highest dissolving capacity on bacterial cell 
membrane, and anti-hemolysis activity compared to 
its other derivatives (44). 

Cancer is the second common cause of death 
worldwide and is a problem of global importance. This 
illness has a significant impact on both public health 
and economies. The conventional methods of treating 
cancer are being closely examined by drug 
development researchers (45). This study showed 
good activity of quercetin thiourea derivative against 
liver cancer cells as compared to other studies that 
showed the same results. Through the modulation of 
multiple intracellular processes, quercetin may play 
significant functions against liver cancer cells, 
including cell cycle arrest and apoptotic cell death 
(46). 

In this evaluation, cells cancer cells appeared 
irregularly shaped, covered most of the space 
indicating rapid proliferation and loss of contact 
inhibition, as well as lack of large spaces between cells. 
That indicates dense and aggressive cell growth 
(Figure 7A). 

After treatment the cells became more elongated 
and appeared more regularly spindle-shaped 
compared to their irregular shape in Figure 7A. The 
number of cells reduced, indicating decreased mitotic 
activity, growth inhibition or cell death (apoptosis) 
(Figure 7B). 

Cell viability decreased by increasing quercetin 
derivative compound exposure to the cells. This 
indicates the significance of drug exposure time as 
extended exposure might result in improved cytotoxic 
effects and higher drug absorption (47). 

Because quercetin and its derivatives have several 
modes of action, they offer a promising way to 
improve cancer treatment. The expanding research 
shows quercetin potential to work in concert with 
traditional treatments while reducing their toxicity is 
becoming more well acknowledged (48). 

Kullenberg et al (49) obtained the same results after 
24 hr of exposure suggesting that prolonged exposure 
increases drug capacity to stop the proliferation of 
tumor cells. Saeed et al (50) also reached the same 
result when using thiadiazol substances against 
prostate cancer cells, and the effect of substance 
increased during the time. 
 

5. Conclusion 

The quercetin derivative compound showed 
outstanding antimicrobial properties against Gram-
positive bacteria such as Basillus cereus, Burkholderia, 
Staphylococcus aureus, Enterococcus faecalis, and 
some fungi such as Candida spp like C. krusei, C. 
glabrata, C. tropicalis and C. albicans. This natural 
molecule showed the potential to function as a narrow 
spectrum antibacterial and antifungal. It also showed 
anticancer activity in vitro against liver cancer cells in 
elevated concentrations and extended exposure times. 
The addition of quercetin appears to stop or reduce the 
proliferation of cancer cells, and may cause cell death 
or stimulate them toward a less aggressive 
differentiation pathway. This compound requires 
further investigation to be used as drug. 
 

6. Declarations  

6.1 Acknowledgment 

The authors are grateful to Assistant Professor 
Asmaa Sami Matdhi for the synthesized compound as 
her valuable gift and Profferor Fawzia A. Abdullah for 
the statistical analysis. 
 

6.2 Ethical Considerations 

The study was approved by the Ethical Committee 
of the Institutional Review Board (IRB), University of 
Basrah, Al-Zahraa College of Medicine (Approval No. 
REC E/T/46, dated March 1, 2024). Written informed 
consent was obtained from all participants prior to 
their inclusion in the study. 
 

6.3 Authors’ Contributions  

All authors contributed equally to this work. 
 

 

 



Ban M. Saeed et al., 241 

Year 19, Issue 4 (July – August 2025)                     Iranian Journal of Medical Microbiology 

6.4 Conflict of Interests 

The authors declare that they have no competing 
interests. 
 

6.5 Financial Support and Sponsorship 

For this study, the researchers received no financial 
support. 
 

6.6 Using Artificial Intelligence Tools (AI 
Tools) 

All authors declare that there is no use of AI Tools in 
this study, including the writing of this manuscript. 

Abbreviations 

P-gp: P-glycoprotein 

DMSO: Dimethyl sulfoxide 

MIC: Minimum inhibitory concentration 

SDA: Sabouraud dextrose agar 

CFU: Colony forming unit  

MIC: Minimum Inhibitory Concentration 

DMEM: Dulbecco's Modified Eagle Medium 

ELISA: Enzyme-Linked Immunosorbent Assay 
 

 
 

 

1. Williamson G, Kay CD, Crozier A. The 
bioavailability, transport, and bioactivity of 
dietary flavonoids: A review from a historical 
perspective. Compr Rev Food Sci Food Saf. 
2018;17(5):1054-112. [PMID]  
[DOI:10.1111/1541-4337.12351] 

2. Shen N, Wang T, Gan Q, Liu S, Wang L, Jin B. 
Plant flavonoids: Classification, distribution, 
biosynthesis, and antioxidant activity. Food 
Chem. 2022;383:132531. [PMID]  
[DOI:10.1016/j.foodchem.2022.132531] 

3. Zhang W, Sun J, Zhang P, Yue R, Zhang Y, Niu F, 
et al. Design, synthesis and antitumor activity of 
quercetin derivatives containing a quinoline 
moiety. Molecules. 2024;29(1):240. [PMCID] 
[DOI:10.3390/molecules29010240] [PMID] 

4. Guven H, Arici A, Simsek O. Flavonoids in our 
foods: a short review. J Basic Clin Health Sci. 
2019;3(2):96-106. 
[DOI:10.30621/jbachs.2019.555] 

5. Baqer SH, Al-Shawi SG, Al-Younis ZK. Quercetin, 
the potential powerful flavonoid for human and 
food: a review. Front Biosci - Elite. 2024;16(3): 
30. [DOI:10.31083/j.fbe1603030] [PMID] 

6. Di Petrillo A, Orrù G, Fais A, Fantini MC. 
Quercetin and its derivates as antiviral 
potentials: A comprehensive review. Phytother 
Res. 2022;36(1):266-78.  
[DOI:10.1002/ptr.7309] [PMID] [PMCID] 

7. Shohan M, Nashibi R, Mahmoudian-Sani MR, 
Abolnezhadian F, Ghafourian M, Alavi SM, et al. 
The therapeutic efficacy of quercetin in 
combination with antiviral drugs in hospitalized 
COVID-19 patients: A randomized controlled 
trial. Eur J Pharmacol. 2022;914:174615.[PMID]
 [DOI:10.1016/j.ejphar.2021.174615] [PMCID] 

8. Hou DD, Zhang W, Gao YL, Sun YZ, Wang HX, Qi 
RQ, et al. Anti-inflammatory effects of 
quercetin in a mouse model of MC903-induced 
atopic dermatitis. Int Immunopharmacol. 2019; 
74:105676. 
[DOI:10.1016/j.intimp.2019.105676] [PMID] 

9. Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, 
et al. Quercetin, inflammation and immunity. 
Nutrients. 2016;8(3):167.  
[DOI:10.3390/nu8030167] [PMID] [PMCID] 

10. Ezzati M, Yousefi B, Velaei K, Safa A. A review on 
anti-cancer properties of Quercetin in breast 
cancer. Life Sci. 2020;248:117463.  
[DOI:10.1016/j.lfs.2020.117463] [PMID] 

11. Tang SM, Deng XT, Zhou J, Li QP, Ge XX, Miao L. 
Pharmacological basis and new insights of 
quercetin action in respect to its anti-cancer 
effects. Biomed Pharmacother. 2020;121: 
109604. [DOI:10.1016/j.biopha.2019.109604] 
[PMID] 

12. Wu L, Li J, Liu T, Li S, Feng J, Yu Q, et al. 
Quercetin shows anti‐tumor effect in 
hepatocellular carcinoma LM3 cells by 
abrogating JAK2/STAT3 signaling pathway. 
Cancer Med. 2019;8(10):4806-20.  
[DOI:10.1002/cam4.2388] [PMID] [PMCID] 

13. Zaragoza C, Monserrat J, Mantecon C, 
Villaescusa L, Álvarez-Mon MÁ, Zaragoza F, et 
al. Binding and antiplatelet activity of quercetin, 
rutin, diosmetin, and diosmin flavonoids. 
Biomed. Pharmacother. 2021;141:111867.  
[DOI:10.1016/j.biopha.2021.111867] [PMID] 

14. Osman ME, Abo-Elnasr AA, Mohamed ET. 
Therapeutic potential activity of quercetin 
complexes against Streptococcus pneumoniae. 

References 

https://www.ncbi.nlm.nih.gov/pubmed/33350159
https://doi.org/10.1111/1541-4337.12351
https://www.ncbi.nlm.nih.gov/pubmed/35413752
https://doi.org/10.1016/j.foodchem.2022.132531
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10780609
https://doi.org/10.3390/molecules29010240
https://www.ncbi.nlm.nih.gov/pubmed/38202823
https://doi.org/10.30621/jbachs.2019.555
https://doi.org/10.31083/j.fbe1603030
https://www.ncbi.nlm.nih.gov/pubmed/39344383
https://doi.org/10.1002/ptr.7309
https://www.ncbi.nlm.nih.gov/pubmed/34709675
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8662201
https://www.ncbi.nlm.nih.gov/pubmed/34863994
https://doi.org/10.1016/j.ejphar.2021.174615
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8638148
https://doi.org/10.1016/j.intimp.2019.105676
https://www.ncbi.nlm.nih.gov/pubmed/31181406
https://doi.org/10.3390/nu8030167
https://www.ncbi.nlm.nih.gov/pubmed/26999194
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4808895
https://doi.org/10.1016/j.lfs.2020.117463
https://www.ncbi.nlm.nih.gov/pubmed/32097663
https://doi.org/10.1016/j.biopha.2019.109604
https://www.ncbi.nlm.nih.gov/pubmed/31733570
https://doi.org/10.1002/cam4.2388
https://www.ncbi.nlm.nih.gov/pubmed/31273958
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712453
https://doi.org/10.1016/j.biopha.2021.111867
https://www.ncbi.nlm.nih.gov/pubmed/34229245


242   Biological Activities of Quercetin Thiourea Derivative 

Year 19, Issue 4 (July – August 2025)                     Iranian Journal of Medical Microbiology 

Sci Rep. 2024;14(1):12876. [PMID] [PMCID]  
[DOI:10.1038/s41598-024-62782-w] 

15. Mehrbod P, Hudy D, Shyntum D, Markowski J, 
Łos MJ, Ghavami S. Quercetin as a natural 
therapeutic candidate for the treatment of 
influenza virus. Biomolecules. 2020;11(1):10. 
[DOI:10.3390/biom11010010] [PMID] [PMCID] 

16. Aires MV, Modesto RM, Santos JS. The benefits 
of grape on human health: a review. Res Soc 
Dev. 2021; 10(14):e281101421825.  
[DOI:10.33448/rsd-v10i14.21825] 

17. da Silva EP, de Queiroz Herminio VL, Motta DN, 
Soares MB, Rodrigues LD, Viana JD, et al. The 
role of phenolic compounds in metabolism and 
their antioxidant potential. Res Soc Dev. 
2022;11(10):e297111031750. 
[DOI:10.33448/rsd-v11i10.31750] 

18. Nguyen TL, Bhattacharya D. Antimicrobial 
activity of quercetin: an approach to its 
mechanistic principle. Molecules. 2022;27(8): 
2494. [DOI:10.3390/molecules27082494]  
[PMID] [PMCID] 

19. Savu M, Ștefan M. Anti-Candida activity of 
flavonoids - an overview. J Exp Mol Biol. 2024; 
25(1):67-84. [DOI:10.47743/jemb-2024-126] 

20. Al-Musawi TS, Alkhalifa WA, Alasaker NA, 
Rahman JU, Alnimr AM. A seven-year 
surveillance of Candida bloodstream infection 
at a university hospital in KSA. J Taibah Univ 
Med Sci. 2021;16(2):184-90. [PMCID] [PMID] 
[DOI:10.1016/j.jtumed.2020.12.002] 

21. Namburi N, Timsina L, Ninad N, Ceppa D, Birdas 
T. The impact of social determinants of health 
on management of stage I non-small cell lung 
cancer. Am J Surg. 2022;223(6):1063-6.  
[DOI:10.1016/j.amjsurg.2021.10.022] [PMID] 

22. Hisaka T, Sakai H, Sato T, Goto Y, Nomura Y, 
Fukutomi S, et al. Quercetin suppresses 
proliferation of liver cancer cell lines in vitro. 
Anticancer Res. 2020;40(8):4695-700.  
[DOI:10.21873/anticanres.14469] [PMID] 

23. Azeem M, Hanif M, Mahmood K, Ameer N, 
Chughtai FR, Abid U. An insight into anticancer, 
antioxidant, antimicrobial, antidiabetic and 
anti-inflammatory effects of quercetin: A 
review. Polym Bull. 2023;80(1):241-62. [PMCID] 
[DOI:10.1007/s00289-022-04091-8] [PMID] 

24. Nguyen TL, Bhattacharya D. Antimicrobial 
activity of quercetin: an approach to its 
mechanistic principle. Molecules. 2022;27(8): 
2494. [DOI:10.3390/molecules27082494]  
[PMID] [PMCID] 

25. Shaker AN, Al-Diwan MA, Mathdi AS. Synthesis, 
characterization and antioxidant activity of 
novel quercetin derivative. Life Sci Archit. 2018: 
1260-72. 

26. Hoa NT, Baccigalupi L, Huxham A, Smertenko A, 
Van PH, Ammendola S, et al. Characterization of 
Bacillus species used for oral bacteriotherapy 
and bacterioprophylaxis of gastrointestinal 
disorders. Appl Environ Microbiol. 2000;66(12): 
5241-7. [PMID] [PMCID]  
[DOI:10.1128/AEM.66.12.5241-5247.2000] 

27. Saeed BM, Al-Jadaan SA, Kushaish RA, Abbas 
BA. Antimicrobial activity, minimum inhibitory 
concentration and cytotoxicity of thiadiazol 
compound. Romanian J Infec Dis. 2024;27(1): 
22-7. [DOI:10.37897/RJID.2024.1.4] 

28. Abdulkareem MT, Busari AK, Atabo HU, Ideh RR, 
Oderinde AA. Evaluation of the antimicrobial 
activity of some bacteria-derived bio-active 
pigments. GSC Biol Pharm Sci. 2024;26(1):234-
41. [DOI:10.30574/gscbps.2024.26.1.0509] 

29. Saeed BM, Al-Jadaan SA, Abbas BA. Synthesis, 
Characterization of a Novel 1, 1'-[1, 4-
phenylenebis (1, 3, 4-thiadiazol-5, 2-diyl)] bis 
(3-chloro-4-(4-hydroxyphenyl) azetidin-2-one 
and evaluation its Biological activities. InIOP 
Conference Series: Materials Science and 
Engineering. 2020 Nov 1. Vol. 928, No. 6, pp. 
062024. Bristol, England: IOP Publishing.  
[DOI:10.1088/1757-899X/928/6/062024] 

30. Saeed BM, Al-jadaan SA, Abbas BA. 
Pharmacological and Biological Evaluation of 5, 
5'[(1, 4-Phenelene) bis (1, 3, 4-thiadiazol-2-
amine)]. InJournal of Physics: Conference 
Series. 2019 Jul 1. Vol. 1279, No. 1, pp. 012038. 
Bristol, England: IOP Publishing.  
[DOI:10.1088/1742-6596/1279/1/012038] 

31. Saeed BM, Al-jadaan SA, Abbas BA. Synthesis of 
a Novel 4, 4'-[1, 4-phenylenebis (1, 3, 4-
thiadiazole-5, 2-diyl)] bis (azaneylylidene) bis 
(methaneylylidene) diphenol and 
Determination of Its pharmacological and 
antimicrobial Activities. InJournal of Physics: 
Conference Series. 2019 Jul 1. Vol. 1279, No. 1, 
pp. 012037. Bristol, England: IOP Publishing. 
[DOI:10.1088/1742-6596/1279/1/012037] 

32. Sabzi NA, Al-Mudhafar MM. Synthesis, 
characterization, and antimicrobial evaluation 
of new Schiff bases derived from vanillic acid 
conjugated to heterocyclic 4H-1, 2, 4-triazole-3-
thiol. Pharmacia. 2023;70:657-63.  
[DOI:10.3897/pharmacia.70.e104579] 

33. Deng K, Fan X, Yuan Z, Li D. Probiotic effects on 
skin health: comprehensive visual analysis and 

https://www.ncbi.nlm.nih.gov/pubmed/38834612
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11150394
https://doi.org/10.1038/s41598-024-62782-w
https://doi.org/10.3390/biom11010010
https://www.ncbi.nlm.nih.gov/pubmed/33374214
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7824064
https://doi.org/10.33448/rsd-v10i14.21825
https://doi.org/10.33448/rsd-v11i10.31750
https://doi.org/10.3390/molecules27082494
https://www.ncbi.nlm.nih.gov/pubmed/35458691
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9029217
https://doi.org/10.47743/jemb-2024-126
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8046963
https://www.ncbi.nlm.nih.gov/pubmed/33897322
https://doi.org/10.1016/j.jtumed.2020.12.002
https://doi.org/10.1016/j.amjsurg.2021.10.022
https://www.ncbi.nlm.nih.gov/pubmed/34663500
https://doi.org/10.21873/anticanres.14469
https://www.ncbi.nlm.nih.gov/pubmed/32727794
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8800825
https://doi.org/10.1007/s00289-022-04091-8
https://www.ncbi.nlm.nih.gov/pubmed/35125574
https://doi.org/10.3390/molecules27082494
https://www.ncbi.nlm.nih.gov/pubmed/35458691
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9029217
https://www.ncbi.nlm.nih.gov/pubmed/11097897
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC92451
https://doi.org/10.1128/AEM.66.12.5241-5247.2000
https://doi.org/10.37897/RJID.2024.1.4
https://doi.org/10.30574/gscbps.2024.26.1.0509
https://doi.org/10.1088/1757-899X/928/6/062024
https://doi.org/10.1088/1742-6596/1279/1/012038
https://doi.org/10.1088/1742-6596/1279/1/012037
https://doi.org/10.3897/pharmacia.70.e104579


Ban M. Saeed et al., 243 

Year 19, Issue 4 (July – August 2025)                     Iranian Journal of Medical Microbiology 

perspectives. Front Microbiol. 2024;15: 
1453755. [DOI:10.3389/fmicb.2024.1453755] 
[PMID] [PMCID] 

34. Ginestra G, Gervasi T, Mancuso F, Bucolo F, De 
Luca L, Gitto R, et al. Evaluation of the In vitro 
antifungal activity of novel arylsulfonamides 
against Candida spp. Microorganisms. 2020; 
11(6):1522. [PMID] [PMCID]  
[DOI:10.3390/microorganisms11061522] 

35. Ishikawa T, Imai S, Nakano T, Terai T, Okumura 
T, Hanada N, et al. Antibacterial activity of the 
probiotic candidate Lactobacillus gasseri 
against methicillin-resistant Staphylococcus 
aureus. Asian Pac J Dent. 2020;20(1):1-8.  
[DOI:10.47416/apjod.20-0271] 

36. Stecoza CE, Nitulescu GM, Draghici C, Caproiu 
MT, Hanganu A, Olaru OT, et al. Synthesis of 1, 
3, 4-thiadiazole derivatives and their anticancer 
evaluation. Int J Mol Sci. 2023;24(24):17476. 
[DOI:10.3390/ijms242417476] [PMID] [PMCID] 

37. Saeed BM, Al-Jadaan SA, Abbas BA. Study on 
Anticancer Activity of 4, 4'-[1, 4-phenylenebis 
(1, 3, 4-thiadiazole-5, 2-diyl)] bis 
(azaneylylidene) bis (methaneylylidene) 
diphenolon Breast Cancer Cells. Arch. Razi Inst. 
2021;76(4):821. 

38. Al-Timimi LA. Antibacterial and anticancer 
activities of fenugreek seed extract. Asian Pac J 
Cancer Prev. 2019;20(12):3771. [PMCID]  
[DOI:10.31557/APJCP.2019.20.12.3771] [PMID] 

39. Aljadaan SA, Elias RS, Al-Anssari RA. 
Investigation of the antioxidant and 
antibacterial activity of novel quercetin 
derivatives. Biointerface Res Appl Chem. 2020; 
10:7329-36. 
[DOI:10.33263/BRIAC106.73297336] 

40. Mohammed FS, Sevindik M, Uysal İ, Sabik AE. 
Quercetin: derivatives, biosynthesis, biological 
activity, pharmacological and therapeutic 
effects. Prospect Pharm Sci. 2023;21(3):49-56. 
[DOI:10.56782/pps.147] 

41. Hooda H, Singh P, Bajpai S. Effect of quercitin 
impregnated silver nanoparticle on growth of 
some clinical pathogens. Mater Today Proc. 
2020;31:625-30. 
[DOI:10.1016/j.matpr.2020.03.530] 

42. Osonga FJ, Akgul A, Miller RM, Eshun GB, 
Yazgan I, Akgul A, et al. Antimicrobial activity of 
a new class of phosphorylated and modified 
flavonoids. ACS Omega. 2019;4(7):12865-71. 

[DOI:10.1021/acsomega.9b00077] [PMID]  
[PMCID] 

43. Susilawati S, Anwar C, Saleh I, Salni S. Flavonoid 
as anti-Candida agents. Indones J Fundamental 
Appl Chem. 2023;8(2):88-97.  
[DOI:10.24845/ijfac.v8.i2.88] 

44. Veiko AG, Olchowik-Grabarek E, Sekowski S, 
Roszkowska A, Lapshina EA, Dobrzynska I, et al. 
Antimicrobial activity of quercetin, naringenin 
and catechin: Flavonoids inhibit Staphylococcus 
aureus-induced hemolysis and modify 
membranes of bacteria and erythrocytes. 
Molecules. 2023;28(3):1252. [PMID] [PMCID] 
[DOI:10.3390/molecules28031252] 

45. Shahbaz M, Naeem H, Momal U, Imran M, 
Alsagaby SA, Al Abdulmonem W, et al. 
Anticancer and apoptosis inducing potential of 
quercetin against a wide range of human 
malignancies. Int J Food Prop. 2023;26(1):2590-
626. [DOI:10.1080/10942912.2023.2252619] 

46. Sethi G, Rath P, Chauhan A, Ranjan A, 
Choudhary R, Ramniwas S, et al. Apoptotic 
mechanisms of quercetin in liver cancer: recent 
trends and advancements. Pharmaceutics. 
2023;15(2):712. [PMID] [PMCID]  
[DOI:10.3390/pharmaceutics15020712] 

47. Sánchez-Díez M, Romero-Jiménez P, Alegría-
Aravena N, Gavira-O'Neill CE, Vicente-García E, 
Quiroz-Troncoso J, et al. Assessment of cell 
viability in drug therapy: IC50 and other new 
Time-Independent indices for evaluating 
chemotherapy efficacy. Pharmaceutics. 2025; 
17(2):247. [PMID] [PMCID]  
[DOI:10.3390/pharmaceutics17020247] 

48. Li XR, Qi L, Zhang XW, Wei C, Yu B, Pei TL. 
Quercetin and Nano-Derivatives: Potential and 
Challenges in Cancer Therapy. Int J Nanomed. 
2025:6701-20. [DOI:10.2147/IJN.S509877]  
[PMID] [PMCID] 

49. Kullenberg F, Degerstedt O, Calitz C, Pavlović N, 
Balgoma D, Gråsjö J, et al. In vitro cell toxicity 
and intracellular uptake of doxorubicin exposed 
as a solution or liposomes: Implications for 
treatment of hepatocellular carcinoma. Cells. 
2021;10(7):1717. [DOI:10.3390/cells10071717] 
[PMID] [PMCID] 

50. Saeed BM, Al-jadaan ShAN, Abbas BA. Synthesis 
and Evaluation of 4-[5-((4-hydroxybenzylidene) 
amino)-1, 3, 4-thiadiazol-2-yl] Phenol 
Compound Biological Activities. Iran J Med 
Microbiol. 2025;19(1):29-39.  
[DOI:10.30699/ijmm.19.1.29]

 

https://doi.org/10.3389/fmicb.2024.1453755
https://www.ncbi.nlm.nih.gov/pubmed/39691913
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11649641
https://www.ncbi.nlm.nih.gov/pubmed/37375025
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10304118
https://doi.org/10.3390/microorganisms11061522
https://doi.org/10.47416/apjod.20-0271
https://doi.org/10.3390/ijms242417476
https://www.ncbi.nlm.nih.gov/pubmed/38139304
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10743895
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7173369
https://doi.org/10.31557/APJCP.2019.20.12.3771
https://www.ncbi.nlm.nih.gov/pubmed/31870120
https://doi.org/10.33263/BRIAC106.73297336
https://doi.org/10.56782/pps.147
https://doi.org/10.1016/j.matpr.2020.03.530
https://doi.org/10.1021/acsomega.9b00077
https://www.ncbi.nlm.nih.gov/pubmed/31460413
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681995
https://doi.org/10.24845/ijfac.v8.i2.88
https://www.ncbi.nlm.nih.gov/pubmed/36770917
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9920354
https://doi.org/10.3390/molecules28031252
https://doi.org/10.1080/10942912.2023.2252619
https://www.ncbi.nlm.nih.gov/pubmed/36840034
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9960374
https://doi.org/10.3390/pharmaceutics15020712
https://www.ncbi.nlm.nih.gov/pubmed/40006615
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11859577
https://doi.org/10.3390/pharmaceutics17020247
https://doi.org/10.2147/IJN.S509877
https://www.ncbi.nlm.nih.gov/pubmed/40444010
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12120254
https://doi.org/10.3390/cells10071717
https://www.ncbi.nlm.nih.gov/pubmed/34359887
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8306283
https://doi.org/10.30699/ijmm.19.1.29

	1. Department of Microbiology, Al-Zahraa College of Medicine, University of Basrah, Basrah, Iraq
	2. Department of Pharmaceutical Chemistry, College of Pharmacy, University of Basrah, Basrah, Iraq
	3. Department of Microbiology, College of Veterinary Medicine, University of Basrah, Basrah, Iraq
	1. Introduction
	2. Materials and Methods
	2.1 Quercetin Thiourea Derivative
	2.2 Antibacterial Activity of Quercetin Thiourea
	2.3 Minimum Inhibitory Concentration of Quercetin Thiourea
	2.4 Antibacterial Activity of Quercetin Thiourea
	2.5 Anticancer Activity of Quercetin Thiourea Against Liver Cancer Cell
	3. Results
	5. Conclusion
	6. Declarations
	6.1 Acknowledgment
	6.2 Ethical Considerations
	6.3 Authors’ Contributions
	6.4 Conflict of Interests
	6.5 Financial Support and Sponsorship
	6.6 Using Artificial Intelligence Tools (AI Tools)
	Abbreviations


	1.  10.30699/ijmm.19.4.230
	References

